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OBJECTS AND RULES
OP

THE ASSOCIATION.

1

OBJECTS.

Thb Assocution contemplates no interfereiibe with the ground ooougied

by other institutions. Its objects are :—To give a stronger impulse and

a more systematic direction to scientific inquiry,—to promote the inter-

course of those who cultivate Science in different parts of the British

Empire, with one another and with foreign philosophers,—to pbtain a

more general attention to the objects of Science, and a removal of any

disadvantages of a public kind which impede its progress.

KULES.

Admission of Memhm's and Associates.

All persons who have attended the first Meeting shall be entitled to

become Members of the Association, upon subscribing an obligation to

conform to its Bales.

The Fellows and Members of Chartered Literary and Philosophical

Societies publishing Transactions, in the British Empire, shall be entitled,

in like manner, to become Members of the Association.

The Officers and Members of the Councils, or Managing Committees,

of Philosophical Institutions shall be entitled, in like manner, to become

Members of the Association.

All Members of a Philosophical Institution recommended by its Coun-

cil or Managing Committee shall be entitled, in like manner, to become
Members of the Association.

Persons not belonging to such Institutions shall be elected by the

General Committee or Council, to become Life Members of the Asso-

ciation, Annual Subscribers, or Associates for the year, subject to tha

approval of a General Meeting.
I

Gompositionsy Subscriptions, and Privities.

Life Members shall pay, on admission, the sum of Ten Pounds* They

shall receive gratuitously the Beports of the Association which may be

published after the date of such payment. They are eligible to all the

offices of the Association.

Ankual Subscribers shall pay, on admission, the ^um of Two Poan&^
and in each following year the sum of One Pound. They shall reSeivs*
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gratuifously the^Beports of the Association for the year of their admission
afid<A>r the years in which they continue to pay without intermission their
Annual Subscription. '* •By omitting to pay this subscription in any par.
ticular year, Members of this class (Annual Subscribers) losefor imt and'

allfuiture yea/rs the privilege of receiving the volumes of the Association*

gratis

:

but they may resume their Membership and other privileges at any
^bsequent l^^ting of the Association, paying on each such occasion the
sum of One Pound. They are eligible to all tbe Offices of the Association.

, Associates for the year shall pay on admission the sum of One Pound..
They shall not receive gratuitously the Reports of the Association, nor be
eligil^e to serve on Committees, or to hold any office.

The Association consists of the following classes ;

—

1. Life Members admitted* from 1831 to 1845 inclusive, who have paid:

on admission Five Pounds as a composition.

2. Life MemJbers who in 1846, or in subsequent years, have paid on.

admission Ten Pounds as a' composition.

3. Annual Members admitted from 1831 to 1839 inclusive, subject to-

the pjayment of One Pound annually. [May resume their Membership-
after intermission of Annual Payment.]

« 4. Annual Members admitted in any year since 1839, subject to the*

payment of Two Pounds for the first year, and One Pound in each
following year. [May resume their Membership after intermission of’

Annual Payment.]
5. Associates for the year, subject to the payment of One Pound.
6. Corresponding Members nominated by the Council.

And the Members and Associates will be entitled to receive the annual
volume of Reports, gratis^ or to purchase it at reduced (or Members’)
price, according to the following specification, viz. :

—

1. Oratis,—Old Life Members who have paid Five Pounds as a compo.
sition for Annual Payments, and previous to 1845 a further

sum of Two Pounds as a Book Subscription, or, since 1846,..

a further sum of Five Pounds.

4 New Life Members who have paid Ten Pounds as a composition..

Annual Members who have not intermitted their Annual Sub*
scription.

2. At reduced or Members' Pricey viz., two-thirds of the Publication Price.

—Old Life Members who have paid Five Pounds as a composi-

tion for Annual Payments, but no further sum as a Book
Subscription.

AnnualMembers who have intermitted theirAnnual Subscription.

Associates for the year. [Privilege confined to the volume for

that year only.]

8. Members may purchase (for the purpose of completing their sets) any

of the volumes of the Reports of the Association up to 1874,

of which more than 15 copies remaiuy at 2s. 6d. per volume.'

Application to be made at the Office of the Association, 22 Albemarle

Street, London, W. •
•

Volumes not claimed within two years of the date of publication can^.

only lM jssued by direction of the Council.
'

'

^tthscriptions shall be received by the Treasurer or Secretaries.

> A few complete sets, 1881 to 1874, are on sale, at £10 the set.



xzviii BULES OF THE ASSOCIATION.

Matings,

The Associativa shall meet annnally, for one week, or longer. 4l?he

place of each Meeting shall be appointed by the 61-bneral Committee two
years in advance

; and the arrangements for it shall be entrusted to the
Officers of the Association.

General Committee,

The General Committee shall sit during the week of the Meeting, or
ilonger, to transact the business of the Association. It shall consist of thb

following persons

Class A. Permanent Members.

1. Members of the Council, Presidents of *the Association, and Presi-

' dents of Sections for the present and preceding years, with Anthors of

'Reports in the Transactions of the Association.

2. Members who by the publication of Works or Papers have fur-

'thered the advancement of those subjects which are taken into considera-

tion at the Sectional Meetings of the Association. With a view of^ib^
mining new claims under this Rule to the decision of the Council^ th^ mu^
»be sent to the Secretary at least one month before the Meeting of th^
Association. The decision of the Council on the claims of any Member of
the Association to be placed on the list of the General Committee to beJmcbl,

Class B. Temporary Members.^

1. Delegates nominated by the Corresponding Societies under the
' conditions hereinafter explained. Claims under this Rule to be sent to the

Secretary before the opening-of the Meeting.

2. Office-bearers for the time being, or delegates, altogether not ex-

ceeding three, from Scientific Institutions established in the place of

Meeting. Claims umder this Rule to be approved by the Local Secretaries

' before the opening of the Meeting.

3. Foreigners and other individuals whose assistance is desired, and
who are specially nominated in writing, for the Meeting of the year, by
the President and General Secretaries.

4. Vice-Presidents and Secretaries of Sections.

Organizing Sectional Committees?

The Presidents, Vice-Presidents, and Secretaries of the several See-

’tions are nominated by the Council, and have power to act until their

•names are submitted to the General Committee for election.

From the time of their nomination they constitute Organizing OoW
Nraittees for the purpose of obtaining information npon the Memoirs and
Reports likely to be submitted to the Sections,^ and of preparing Reports

’ Bevised by the General Ck>mmittee, 1884.
* Passed by the General Committee, Edinburgh,^1871.
’ Notice to (hntrilnitors of Memoirs,—^Authors Sre reminded that, under an

;arrangement dating from 1871, the acceptance of Memoirs, and the days on which
th^ are to be read, are now as far as possible determined by Organizing Coi|^mittees

for the several Sections before the he^na^ng tf the Meeting, ItAas therefore become
/necessary, in order to give an opportunity to the Committees of doing justice to%he
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ihereon, and on the order in which it is desirable that they shonld be--

read^^ be presented to the Committees of the Sections at their first

meSung. The Sectior^^Jl Presidents of former years are bx officio members-
of the Organizing Sectional Committees.*

An Organizing Committee may also hold such preliminary meetings as
the President of the Committee thinks expedient, but shall, under any
circumstances, meet on the first Wednesday of the Annual Meeting, at
11 A.H., to nmninate the first members of the Sectional Committee, if

they shall consider it expedient to do so, and to settle the terms of their*

r^ort to the General Committee, after which their functions as an
Orgai^jzing Committee shall cease.^

Constitution of, the Sectional Committees,^
%

On the first day of the Annual Meeting, the President, Vice-Presi-
dents, and Seci^taries of each Section having been appointed by the-

Gefieral Committee, these Officers, and those previous Presidents and
Vice-Presidents of the Section who may desire to attend, are to meet, at
2 p.M^ in their Committee Booms, and enlarge the Sectional Committees
by seleoting individuals from among the Members (not Associates) present

the Meeting whose assistance they may particularly desire. The Sec-

tional Committees thus constituted shall have power to add to their

number from day to day.

The List thus formed is to be entered daily in the Sectional Minute-
Book, and a^oopy forwarded without delay to the Printer, who is charged
with publishing the same before 8 a.m. on the next day in the Journal of*

the Sectional Proceeding.

Business of the Sectioned Committees,

Committee Meetings are to be held on the Wednesday at 2 p.m., on the *

following Thursday, Friday, Saturday,^ Monday, and Tuesday, from 10 to-

ll A.M., punctually, for the objects s^ted in the Biules of the Association,,

and specified below.

The business is to be conducted in the following manner :

—

1. The President shall call on the Secretary to read the minutes of

the previous Meeting of the Committee.
2 No paper shall be read until it has been formally accepted by the

•

several Communications, that each Author should prepare an Abstract of his Memoir,
of a length suitable for insertion in tiie published Transactions of the Association,

and that he should send it, together with the orig^inal Memoir, by book-post, on or

before. addressed thus—* General Secretaries, British Associa-

tion, 22 Albemarle Street, London, W. For Section * If it should be incon-

veni^t to the Author that his paper should be read on any particular days, he is •

requested to send information thereof to the Secretaries in a separate note. Authors

who send in their MSS. three complete weeks before the Meeting, and whose papers

are aooepted, will be furnished, before the Meeting, with printed copies of their

Reports and Abstracts. No Report, Paper, or Abstract can be inserted in the Annual
ifnlABs it is handed either to the J^oorder of the Section or to the Secretary,

.

bifftre the oanelurion of the Meeting,

V Added by the General Committee, Sheffield, 1879.

* Revised by the Genend Committee, Swansea, 1880.
* Passed by the .General Committee, Edinburgh, 1871.
* The fiieeting on Saturday was made optional by the General Committee at«

BoatlSportt 1888.
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Committee of the Section, and entered on the minutes accord-

3. Papers which have been reported on unfavourably by the Or^uhis-
ing Committees shall not be brougblf before the Sectional

Committees.'

At the first meeting, one of the Secretaries will read the Minutes of

'last year’s proceedings, as recorded in the Minute-Book, and the Synopsjs
•of Recommendations adopted at the last Meeting of the AUsociation and
printed in the last volume of the Transactions. He will next proceed to

read the Report of the Organizing Corhmittee.® The list of Commum-
•cations to be read on Thursday shall be then arranged, and the general
distribution of business throughout the week shall be provisionidly ap-

pointed. At the close of the CommitteeMeetingthe Secretaries shallforward
4o the Printer a List of the Papers appointed to be read. The Printer is

• charged with publishing the same before 8 a.m. on Thursday in the Journal.

On the second day of the Annual Meeting, and tbev^.following days,
the Secretaries are to correct, on a copy of the Journal, the list of pajJiers

which have been read on that day, to add to it a list of those appointed
to be read on the next day, and to send this copy of the Journal as early

in the day as possible to the Printer, who is charged with printing the
same before 8 a.m. next morning in the Journal. It is necessary^hat x>i)e

of the Secretaries of each Section (generally the Recorder) should call

at the Printing Office and revise the proof each evening.

Minutes of the proceedings of every Committee are to be entered daily

in the Minute-Book, which should be confirmed at the next meeting of

the Committee.
Lists of the Reports and Memoirs read in the Sections are to be entered

in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts

of Memoirs furnished by Authors, are to be forwarded, at the close of the

Sectional Meetings, to the Secretary.

The Vice-Presidents and Secretaries of Sections become ex officio

'temporary Members of the General Committee {vide p, xxxiii), and will

receive, on application to the Treasurer in the Reception Room, Tickets
-entitling them to attend its Meetings.

The Committees will take into consideration any suggestions which may
be offered by their Members for the advancement of Science. They are
specially requested to review the recommendations adopted at preceding
Meetings, as published in the volumes of the Association and the com-
munications made to the Sections at this Meeting, for the purposes of

selecting definite points of research to which individual or combined
exertion may be usefully directed, and branches of knowledge on the
state and progress of which Reports are wanted

; to name individuals or
“Committees for the execution of such Reports or researches

; and to state

whether, and to what degree, these objects may be usefully advanced by
“the appropriation of the funds of the Association, by application to
“Government, Philosophical Institutions, or Local Authorities.

In case of appointment of Committees for special objects of Science,

“it is expedient that all Members of the Committee shoidd be named, and
‘One of them appointed to act as Chairman, who ^hall have notifiedpersonally

' These rules were adopted by the General Committee, Plymouth, 1877.

^ This and the following sentence were added by the General Committee, Edin-

burgh, 1871.
^
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<yr in writing his willingness to acc^t the office, the Chairman to hme the

T^porffiibUity of^^receiving and disbursing the grant (if any has been made)
andwmring the presentation of the Report in due time; and, furth&r, it is

expedient tha/t one of the 'inembers should be appointed to act as Secretary,for
insuring attention to business,

That it is desirable that the number of Members appointed to serve on a
Committee should be as small as is consistent with its efficient worhingt

That a ta^^r list of the Committees appointed on the recommendation

of each Section should be sent each year to the Recorders of the several Sections,

to* enable them to fill in the statement whether tJw several Committees
appoii^^ on the recormnendation of their respective Sections had presented

their reports, *
’

That on the proposal to recommend the appointment of a Committee far a
special object of science having^ been adopted by the Sectional Committee, the

number of Members of such Committee he then fixed, but that the Members to

serve on such Cor^mittee be nominated and selected by the Sectional Committee
at a subsequent meeting,

^

Committees have power to add to their number persons whose assist-

ance they may require.

,
THe recommendations adopted by the Committees of Sections are to

be regisi|>red in the Forms furnished to their Secretaries, and one Copy of

e^h is to be forwarded, without delay, to the Secretary for presentation

to the Committee of Becommendations. Unless this be done, the Recom»
mendations cannot receive the sanction of the Association,

N,B,—^Becommendations which may originate in any one of the Sec-

tions must first be sa'nctioned by the Committee of that Section before they
-can be referred to the Committee of Becommendations or confirmed by
the General Committee.

The Committees of the Sections shall ascertain whether a Beport has
been made by every Committee appointed at the previous Meeting to whom
a sum of money has been granted, and shall report to the Committee of

Booommendations in every case where no such Report has been received.*

Notices regarding (jrants of Money,

Committees and individuals, to whom grants of money have been
•entrusted by the Association for the prosecution of particular researches

in science, are required to present to each following Meeting of the

Adsociation a Report of the progress which has been made
;
and the

Chairman of a Committee to whom a money grant has been made must
previously to the next Meeting of the Association) forward to the General
Secretaries or Treasurer a statement of the sums which have been ex-

pended, and the balance which remains disposable on each grant.

Urants of money sanctioned at any one Meeting of the Association-

expire a week before the opening of the ensuing Meeting; nor is the

Treasurer authorized, after that date, to allow any claims on account of

such grants, unless they be renewed in the original or a modified form by
tjae General Committee.

No Committee! shall raiilb^ money in the name or under the auspices

* Revised by the General Committee, Bath, 1888.
* Passed by the General Committee at Sheffield, 1879.
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of the British Association without special permission from the General
Committee to do so

;
and no money so raised shall be expended e^dtopt jin

accordance with %he rules of tbe Association. ^ •

In each Committee, the Chairman is the only person entitled
to call on the Treasurer, Professor A. W. Williamson, 17 Buckingham
Street, London, W.O., for such portion of the sums granted as may from
time to time be required.

In grants of money to Committees, the Association ddte not contem-
plate the payment of personal expenses to the members.

In all oases where additional grants* of money are made for the con-
tinuation of Researches at the cost of tbe Association, the sum napped ia
deemed to include, as a pfirt of the amount, whatever balance may remain
unpaid on the former grant for the same object.

All Instruments, Papers, Drawings, and*qther property of the Associa-
tion are to be deposited at the Office of the Association, 22 Albemarle
Street, Piccadilly, London, W., when not employed in carrying on scien-
tific inquiries for the Association.

Business of the Sections,

The Meeting Room of each Section is opened for conversation fWfm
10 to 11 daily. The Section Booms and approaches thereto can heused fer
no notices^ exhibitions, or other purposes than those of the Association,

At 11 precisely the Chair will be taken,* and the reading of communi-
cations, in the order previously made public, commenced. At 3 p.m. the
Sections will close. «

Sections may, by the desire of the Committees, divide themselves into
Departments, as often as the number and nature of the communications
delivered in may render such divisions desirable.

A Report presented to the Association, and read to the Section which
originally called for it, may be read in another Section, at the request of
the Officers of that Section, with the consent of the Author.

Duties of the Doorkeepers,

1.

—To remain constantly at the Doors of the Rooms to which they are
appointed during the whole time for which they are engaged.

2.

—^To require of every person desirous of entering the Rooms the ex-
hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s
Ticket, signed by the Treasurer, or a Special Ticket signed by the
Secretary.

3.

—Persons unprovided with any of these Tickets can only be admitted
to any particular Room by order of the Secretary in that Room.

No ppson is exempt from these Rules, except those Officers of the
Association whose names are printed in the programme, p. 1.

Duties of the Messengers,

To remain constantly at the Rooms to which they are appointed dn^
ing the whole time for .which they are engaged, except when employed on
messages by one of the Officers directing thefie Rooms.

* The sectional meetings on Saturday and on Wednesday may begin at any time
whidi may be fixed by the Committee, not earlier than 10 or later than 1 1. ^Passed by
the General Committee at Bath, 1888.

^
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Committee of Recommendations.

General Committee shall appoint at each Meeijng a Committee,
which shall receive an(} consider the Recommendations of the Sectional

. Committees, and report to the General Committee the measures which
they would adyise to bo adopted for the advancement of Science.

All Recommendations of Grants of Money, Requests for Special Re-
searches, and Jleports on Scientific Subjects shall be submitted to the
Committee oi Recommendations, and not taken into consideration by the
General Committee unless previously recommended by the Committee of

Recommendations.

Gorres'ponding Societies}

(1.) Any Society is eligible to be placed on the List of Corresponding
Societies of the Association which undertakes local scientific investiga-

tions, and publishes notices of®the results.

(2.) Applications may be made by any Society to be placed on the
List of Corresponding Societies. Application must be addressed to the

Secretary on or before the 1st of June preceding the Annual Meeting at

which it is intended they should be considered, and must be accompanied
by specimens of the publications of the results of the local scientific

investigations recently undertaken by the Society.

(3.) A Corresponding Societies Committee shall be aniAally nomi-
nated by the Council and appointed by the General Committee for the

purpose of considering these applications, as well as for that of keeping
themselves generally informed of the annual work of the Corresponding
Societies, and of superintending the preparation of a list of the papers
published by them. This Committee shall make an annual report to the

General Committee, and shall suggest such additions or changes in the

List of Corresponding Societies as they may think desirable.

(4.) Every Corresponding Society shall return each year, on or before the
1st of June, to the Secretary of the Association, a schedule, properly filled

up, which will be issued by the Secretary of the Association, and which will

contain a request - for such particulars with regard to the Society as may
be required for the information of the Corresponding Societies Committee.

(5.) There shall be inserted in the Annual Report of the Association

a list, in an abbreviated form, of the papers published by the Corre-

sponding Societies during the past twelve months which contain the

results of the local scientific work conducted by them
;
those papers only

being included which refer to subjects coming under the cognisance of

one or other of the various Sections of the Association.

(6.) A Corresponding Society shall have the right to nominate any
rtie of its members, who is also a Member of the Association, as its dele*

gatelx) the Annual Meeting of the Association, who shall be for the time

a Member of the General Committee.

Conference of Delegates of Corresponding Societies,

(7.) That the Conference df Delegates of Corresponding Societies be

•empowered to send recommendations to the Committee of Recommenda-
tions for {heir consideration, and for report to the General Committee.'

* Fassed by the General Committee, 1884.

1888.
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(8.) The Delegates of the various Corresponding Societies shall con-
stitute a Conference, of which the Chairman, Vice-Chairmen, and(»Secje-

taries shall be annually nominated by the Counc^il, and appointed ^Oy the
General Committee, and of which the members of the Corresponding
Societies Committee shall be ex officio members.

(9.) The Conference of Delegates shall be summoned by the Secretaries

to hold one or more meetings during each Annual Meeting of the Assocm-
tion, and shall be empowered to invite any Member or Associate to tate
part in the meetings.

(10.) The Secretaries of each Sectiofl shall bo instructed to transmitito

the Secretaries of the Conference of Delegates copies of any recejmmen-
dations forwarded by thj Presidents of Sections to the Committee of

Recommendations bearing upon matters in which the co-operation of

Corresponding Societies is desired
;
and the^ Secretaries of the Conference

of Delegates shall invite the authors of these recommendations to attend

the meetings of the Conference and gi^ verbal explanations of their

objects and of the precise way in which they would desire to have them
carried into effect.

(11 ) It will be the duty of the Delegates to make themselves familiar

with the purport of the several recommendations brought before the Coni^r-
’

ence, in order that they and others who take part in the meeting may be
able to bring those recommendations clearly and favourably before their

respective Societies. The Conference may also discuss propositions bear-

ing on the promotion of more systematic observation and plans of opera-

tion, and of greater uniformity in the mode of publishing results.

Local Committees *

'

Local Committees shall be formed by the Officers of the Association

to assist in making arrangements for the Meetings.

Local Committees shall have the power of adding to their numbers
those Members of the Association whose assistance they may desire.

Officers*

A President, two or more Vice-Presidents, one or more Secretaries,

and a Treasurer shall be annually appointed by the General Committee.

Council*

In the intervals of the Meetings, the affairs of the Association shall

be managed by a Council appointed by the General Committee. The
Council may also assemble for the despatch of business during the week
of the Meeting.

(1) The Council shall consist of *

1. The Trustees.

2. The pasb Presidents.
3. The President and Vice-Presidents for the time being.

4. The President and Vice-Presidents elect.

5. The past and present General Treasurers, General and
Assistant General Secretaries.

* Passed by the General Committee, Belfast, 1874.
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6. The Local Treasurer and Secretaries for the ensuing
Meeting.

7. Ordinary Jlembers.

(2) The Ordinary Members shall be elected annually from the
General Committee.

(8) There shall be not more than twenty-five Ordinary Members, of
whoij^ not more than twenty shall have served on the Council,
as Ordinary Members, in the previous year.

In order to carry out the ;foregoing rule, the following Ordinary
Members of the outgoing Council shall at each annual election

be ineligible for nomination >—1st, ^;hose who have served on
the Council for the greatest number of consecutive years

;
and,

2nd, those who, being resident in or near London, have
attended the fewest number of Meetings during the year
—observing (as nearly as possible) the proportion of three by
seniorii^ to two by Uust attendance.

(6) The Council shall submit to the General Committee in their

Annual Report the names of the Members of General Com-
mittee whom they recommend for election as Members' of
Council.

(6) The Election shall take place at the same time as that of the
Ofl&cers of the Association.

Papers and Communications.

The Author of any paper or communication shall be at liberty to

reserve his right of property therein.

Accounts.

The Accounts of the Association shall be audited annually, by Auditors
aippointed by the General Committee.
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Presidents and Secretaries of the Sections of the Association,

Date and Place Presidents Secretaries

MATHEMATICAL AND PHYSICAL SCIENCES.
COMMITTEE OF SCIENCES, I.—MATHEMAflCS AND GENERAL PHYSICS.

1832. Oxford Davies Gilbert,,D.C.L.,P.R.S. Rev. H. Coddington.
1833. Cambridge Sir D. Brewster, P!R.S Prof. Forbes.
1834. Edinburgh Rev. W. Whewell, F.R.S. Prof. Forbes, Prof. Lloyd.

SECTION A.—MATHEMATICS AnV PHYSICS.

1836.

Dublin Rev. Dr. Robinson Rr9f. Sir W. R. Hamilton, Prof.
"Wii^eatstone w#

1836. Bristol Rev. William Whewell, F.R.S. Prof. Forbes, *W. S. Harris, F. W.
Jerrard.

1837. Liverpool... Sir D. Brewster, F.R.S W. S. Harris, Rev. Prof. Powell^
Prof. Stevelly.

“

1838. Newcastle Sir J. F. W. Herschel, Bart., Rev. Prof. Chevallier, Major Sabine,
F.R.S. Prof. Stevelly.

1839. Birmingham Rev. Prof. Wliewell, F.R.S.... J. D. Chance, W. Snow Harris, Prof.

Stevelly.

1840. Glasgow ... Prof. Forbes, F.R.S Rev. Dr. Forbes, Prof. Stevelly,

Arch. Smith.
1841. PljTnouth Rev. Prof. Lloyd, F.R.S Prof. Stevelly. ‘

1842. Manchester Very Rev. G. Peacock, D.D., Prof. M‘Gulloch, Prof. Stevelly, Rev,
F.R.S. W. Scoresby.

1843. Cork Prof. M‘Culloch, M.R.I.A. ... J. Nott, Prof. Stevelly.

1844. York The Earl of Rosse, F.R.S, ... Rev. Wm. Hey, Prof. Stevelly.

1846.

Cambridge The Very Rev. the Dean yf Rev. H. Goodwin, Prof. Stevelly,

Ely. G. G. Stokes.

1846. Southamp- Sir John F. W. Herschel, John Drew, Dr. Stevelly, G. G.
ton. Bart., F.R.S. Stokes.

1847. Oxford Rev. Prof. Powell, M.A., Rev. H. Price, Prof. Stevelly, G. 0.
F.R.S. Stokes.

1848. Swansea ... Lord Wrottesley, F.R.S Dr. Stevelly, G. G. Stokes,

1849.

Birmingham William Hopkins, F.R.S Prof. Stevelly, G, G. Stokes, W.
Ridout Wills.

1860. Edinburgh Prof. J. D. Forbes, F.R.S., W. J.MacquornRankine,Prof.Smyth,
Sec. R.S.E. Prof. Stevelly, Prof. G. G. Stokes.

1861. Ipswich ... Rev. W. Whewell, D.D., S. Jackson, W. J. Macquom Rankine,
F.R.S. Prof. Stevelly, Prof. G. G. Stokes.

1862. Belfast Prof. W. Thomson, M.A., Prof. Dixon, W. J. Macquorn Ran-
F.R.S. L. & E. kine. Prof. Stevelly, J. Tyndall.

1863. Hull The Very Rev. the Dean of B. Blaydcs Haworth, J. D. SoUitt,
Ely, F.R.8. Prof. Stevelly, J. Welsh. *

1864. Liverpool... Prof. G. G. Stokes, M.A., Sec. J. Hartnup, H. G. Puckle, Piof,
B.S. Stevelly, J. Tyndall, J. Welsh.

1866.

Glasgow ... Rev. Prof. Kelland, M.A., Rev. Dr. Forbes, Prof. D. Gray, Prof

.

F.R.S. L. & E. Tyndall.
1866. Cheltenham Rev, R. Walker, M.A., F.R.S. C. Brooke, Rev. T. A. Southwood,

Prof. Stevelly, Rev. J. C. Turnbull.*
1867. Dublin Rev. T. R. Robinson, D.D., Pref^ Curtis, Prof. Hennessy, P. A.

F.R.8., M.R.I.A. Ninnis, W. J. Macquorn Rankine,
Prof. Stevelly.

1868. Leeds Rev. W. Whewell, D.D., Rev. B. Eamshaw, J. P. Heimessy,
V.P.R. S. Prof. SteveUy, H. J. S. Smith, ^of.

Tyndall.
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Da^i^nd Plaoe

»

1869. Aberdeen...

1860. Oxford. i....

•1861. Mancl^igter

1862. Cambridge

*1863. Newcastle

1864. Bath

1865. Birmingham

1^66. Nottingham

1867. Dundee

*1868. Norwich ...

»»

1869. Exeter

1870. Liverpool...

1871. Edinburgh

1872. Brighton...

1873. Bradford...

1874. Belfast

1875. Bristol ......

1876. Glasgow ...

1877. Plymouth...

1878» Dublin

1879. Sheffield ...

1830. Swansea ...

1881. York..;

1882. Southamp-
t ton.

1883. Southport

1884. Montreal ...

Presidents

The Earl of Eosse, M.A., K.P.,

F.R.S.
Rev. B. Price, M.A., F.R.S....

G. B. Airy, M.A., D.C.L.,

F.R.S.
Prof. G. G. Stokes, M.A.,

F.R.S. *

Prof.W. J. MacquornRankine,
C.K., F.R.S.

Prof. Cayley, M.A., F.R.S.,

F.R.A.S. .

W. Spottiswoode,M.A.,F.R.S.,
F.R.A.S.

«

Prof. Wlieatstone, D.C.L.,

F.R.S.
Prof. Sir W. Thomson, D.C.L.,

F.R.S.

Prof. J. Tyndall, LL.D.,
F.R.S.

Prof. J. J. Sylvester, LL.D.,
F.R.S.

J. Clerk Maxwell, M.A.,

LL.D., F.R.S.

Prof. PjG. Tait, F.R.S.B. ...

W. De La Rue, D.C.L., F.R.S.

Prof. H. J. S. Smith, F.R.S.

Rev. Prof. J. H. Jellett, M.A..

M.R.I.A.

Prof. Balfour Stewart, M.A.,

LL.D., F.R.S.

Prof. Sir W. Thomson, M.A.,

D.C.L., F.R.S.

Prof. G. C. Foster, B.A., F.R.S.,

Pres. Physical Soc.

Rev. Prof. Salmon, D.D.,

D.C.L., F.R.S.

George Johnstone Stoney,

M.A., F.R.S.

Prof. W. Grylls Adams, M.A.,

F.R.S.

Prof. Sir W. Thomson, M.A.,

LL.D., D.O.L., F.R.S.

Rt. Hon. Prof. Lord Rayleigh,

M.A., F.R.S.

Prof. O. HeilHci, Ph.D., F.R.S.,

Prof. Sir W. Thomson, M.A.,

jiL.D., D.C.L. F.R.S

Secretaries

J. P. Hennessy, Prof. Maxwell, H,
J. S. Smith, Prof. Stevelly.

Rev. G. C. Bell, Rev. T. Rennison,
Prof Rtpvollv

Prof. R. B. Clifton, Prof. H. J. S.

Smith, Prof. Stevelly.

Prof. R. B. Clifton, Prof. H. J. S.

Smith, Prof. Stevelly.

Rev. N. Ferrers, Prof. Fuller, F.
• Jenkin, Prof. Stevelly, Rev. C. T.

Whitley.
Prof. Fuller, F. Jenkin, Rev. G.

Buckle, Prof. Stevelly.

Rev. T. N. Hutchinson, F. Jenkin, G.
S. Matliews, Prof. H. J. S. Smith,
J. M. Wilson.

FleemingJenkin, Prof. H. J.S.Smith,
Rev. S. N. Swann.

Rev. G. Buckle, Prof. G. C. Foster,

Prof. Fuller, Ih’of. Swan.
Prof. G. C. Booster, Rev. R. Harley,

R. B. Hayward.
Prof. G. C. Booster, R. B. Hayward,
W. K. Clifford.

Prof. W. G. Adams, W. K. Clifford,

Prof. G. C. Foster, Rev. W. Allen
Whitworth.

Prof. W. G. Adams, J. T. Bottomley,
Prof. W. K. Clifford, Prof. J. D.
Everett, Rev. R. Harley.

Prof. W. K. Clifford, J. W. L. Glaisher,

Prof. A. S. Herschel, G. F. Rodwell.
Prof. W. K. Clifford, Prof. Forbes, J.

W.L. Glaisher, Prof. A. S. Herschel.

J. W. L. Glaisher, Prof. Herschel,

Randal Nixon, J. Perry, G, F.

Rodwell.
Prof. W. If. Barrett, J.W.L. Glaisher,

C. T. Hudson, G. F. Rodwell.
Prof. W. F. Barrett, J. T. Bottomley,

Prof. G. Forbes, J. W. L. Glaisher,

T. Muir.
Prof. W. F. Barrett, J. T. Bottomley,

J. W. L. Glaisher, F. G. Landon.
Prof. J. Casey, G. F. Fitzgerald, J.

W. L. Glaisher, Dr. O. J. Lodge.
A. H. Allen, J. W. L. Glaisher, Dr.

O. J. Lodge, D. MacAlister.

W. E. Ayrton, J. W. L. Glaisher,

Dr. 0. J. Lodge, D. MacAlister.

Prof. W. E. Ayrton, Prof. O. J. Lodge,
D. MacAlister, Rev. W. Routh.

W. M. Hicks, Prof. 0. J. Lodge,

D. MacAlister, Rev. G. Richard-

son.

W. M. Hicks, Prof. O. J. Lodge,

D. MacAlister, Prof. R. 0. Rowe.

C. Carpmael, W. M. Hicks, Prof. A.

Johnson, Rrof. 0. J. Lodge, Dr. D.
MacAlister.
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Date and Place

1886. Aberdeen...

1886. Birmingham

1887. Manchester

1888. Bath

Presidents

f

Prof. G. Chrystal, M.A.,

F.R.S.E.

Prof. G. H. Darwin, M.A.,

LL.D., F.R.S.

Prof. Sir R. 8. Ball, M.A.,

LL.D., F.R.S.
Prof. G. F. Fitzgerald, M.A.,

F.R.S. •

Secretaries

R. E. Baynes, R. T. Glazebrook, Prof.

W. M. Hicks, Prof. W. Ingram.
R. E. Baynes, R. T. Glazebrook, Prof.

J. H. Poynting, W. N. Shaw.
R. Ph Baynes, R. T. Gdazebrook, Profi

H. Lamb, W. N. Shtw.
R. E. Baynes, R. T. Glazebrook, A.
Lodge, W. N. Shaw.

f

CHEMICAL SCIENCE.

COMMITTEE OF SCIENCES, II.—CHEMIS^’RY, MINEKALOGT.

1832. Oxford
1833. Cambridge
1834. Edinburgh

John Dalton, D.C.L., F.R.S.
John Dalton, D.C.L., F.R.S. '

Dr. Hope

James P’. W. Johnston.
Pr?)f. Miller. «

Mr. Johnston, Dr Christison.

1836. Dublin
1836. Bristol

1837. Liverpool...

1838. Newcastle

1839. Birmingham
1840. Glasgow ...

1841. Plymouth...

1842. Manchester
i

1843. Cork
1844. York
1846. Cambridge

1846. Southamp-
ton

1847. Oxford

1848. Swansea ...

1849. Birmingham
1860. Edinburgh

j

1861. Ipswich ...

1862. Belfast

1863. Hull
/

1864. Liverpool

1865. Glasgow ...

1866. Cheltenham

1867. Dublin

1868. Leeds'

1869. Aberdeen.../

SECTION B.—CHEMISTRY AND MINERALOGY.

Dr. T. Thomson, F.R.S
Rev. Prof. Cumming

Michael Faraday, F.R.S

Rev. William Whewcll,F.R.S.

Prof. T. Graham, F.R.S
Dr. Thomas Thomson, P’.R.S.

Dr. Daubeny, F.R.S

John Dalton, D.C.L., F.R.S.

Prof. Apjohn, M.R.I.A
Prof. T. Graliam, F.R.S
Rev. Prof. Cumming

Michael Faraday, D.C.L.,
F.R.S.

Rev. W. V. Harcourt, M.A.,
F K S

Richard Phillips, F.R.S
John Percy, M.D., P’.R.S

Dr. Cliristison, V.P.R.S.E.
Prof. Thomas Graham, P’.R.S.

Thomas Andrews,M.D.,F.R.S.

Prof. J. F. W. Johnston, M.A.,
F.R.S.

Prof.W. A.Miller, M.D.,P.B.S.
Dr. Lyon P]ayfair,C.B.,F.R.S.

Prof. B. C. Brodie, F.R.S. ...

Prof. Apjohn, M.D., P.R.S.,
M.R.I.A.

Dr. Apjohn, Prof. Johnston,
Dr. Apjohn, Dr. C. Henry, W. Hera-

path.

Prof. Johnston, Prof. Miller, Dr.
Reynolds.

Prof. Miller, H. L. Pattiyson,Thomas
Richardson.

Dr. Golding Bird, Dr. ,J. B. Melson.
Dr. R. D. Thomson, Dr. T. Clark,

Dr. L. Playfair.

J. Prideaux,, Robert Hunt, W. M.
Tweedy.

Dr. L. Playfair, R. Hunt, J. Graham.
R. Hunt, Dr. Sweeny.
Dr. L. Playfair, E. Solly, T. H. Barker.
R. Hunt, J. P. Joule, Prof. Miller,

E. Solly.

Dr. Miller, R. Hunt, W. Randall.

B. C. Brodie, R, Hunt, Prof. Solly.

T. H. Henry, R. Hunt, T. Williams.
R. Hunt, G. Shaw.
Dr. Anderson, R. Hunt, Dr. Wjlson.
T. J. Pearsall, W. S. Ward.
Dr. Gladstone, Prof. Hodges, Prof.

Ronalds.
H. S. Blundell, Prof. R. Hunt, J.

*

Pearsall.

Dr.Edwards,Dr.Gladstone, Dr.Price.
Prof. Frankland, Dr. H. E. Roscoe.

J. Horsley, P. J. Worsley, Prof.

Voelcker.
^

Dr. Davy, Dr. Gladstone, Prof. Sul-

livan.

I

Sir J. F. W. Herschel, Bart.,

p.C.L.
Dr.’Lyon Playfair, C.B., P.R.S.

I

I Dr. Gladstone, W. Odling, B. Rey-
nolds.

J. S. Brazier, Dr. Gladstocte, O. D.
Liveing, Dr; Odling.
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Date/Kd Place Presidents

1860. Oxford,

1861. Manchester
1862. Cambridge
• §
1863. Newcasfte

1^64. Bath

1866. Birmingham

1866. Nottingham

1867. Dundee .

18^8. Norwich .

1869. Exeter

1870. •Liverpool . .

.

1871. Edfhburgh

1872. Brighton...

1873. Bradford...

1874. Belfast

1876. Bristol

1876. Glasgow ...

1877. Plymouth...

1878. Dublin

1879. Sheffield ...

1880. Swansea ...

1881. York.

1882. Southamp-
ton.

1883. Southport

o
1884*. Montreal ...

p

1886. Aberdeen...

1886. Birmingham

1887. Manchester

1888. Batji

Prof. B. C. Brodie, F.R.S

Prof.W.A.Miller, M.D.,F.R.S.
Prof. W.A.Miller, M.D.,F.R.S.

Dr. Alex. W. Williamson,
F R S

W.
’

o’diing, M.a, F.R.S.,

F.C.S.

Prof. W. A. Miller, M.D.,

V.P.R.S.

II. Bence Jones, M.D., F.R.S.

• •

Prof. T. Anderson, M.D.,
F.R.S. E.

Prof. E. Fran^land, F.R.S..

K C S
Dr. H. Debus, F.R.S., F.C.S.

Secretaries

A. Vernon Harcourt, G. D. Liveing,
A. B. Northcote.

A. Vernon Harcourt, G. D. Liveing.
H. W. Elphinstone, W. Odling, Prof.

Roscoe.
Prof. Liveing, H. L. Pattinson, J. C.

Stevenson.
A. V. Harcourt, Prof. Liveing, R.

Biggs.

A. *Y. Harcourt, H. Adkins, Prof,

Wanklyn, A. Winkler Wills.

J. H. Atherton, Prof. Liveing, W. J.

Russell, J. White.
A. Crum Brown, Prof. G. D. Liveing,
W. J. Russell.

Dr. A. Crum Brown, Dr. W. J. Rus-
sell, F. Sutton.

Prof. A. Crum Brown, Dr. W. J.

Russell, Dr. Atkinson.

Prof. H. E. Roscoe, B.A.,
j

Prof. A. Crum Brown, A. E. Fletcher,^

Dr. W. J. Russell.

J. T. Buchanan, W. N. Hartley, T.

E. Thorpe.
Dr. Mills, W. Chandler Roberts, Dr.
W. J. Russell, Dr. T. Wood.

Prof. W. J. Russell, F.R.S. ...
j

Dr. Armstrong, Dr. Mills, W. Chand-
I ler Roberts, Dr. Thorjie.

F.R.S., F.C.S.

Prof. T. Andrews, M.D., F.R.S.

Dr. J. H. Gladstone, F.R.S....

Prof. A. Crum Brown, M.D.,

F.R.S.E., F.C.S.

A. G. Vernon Harcourt, M.A.,

F.R.S., F.C.S.

W. H. Perkin, F.R.S

F. A. Abel, F.R.S., F.C.S. ...

Prof. Maxwell Simpson, M.D.,

F.R.S., F.C.S.

Prof. Dewar, M.A., F.R.S.

Joseph Henry Gilbert, Ph.D.,

F.R.S.

Prof. A. W. Williamson, Ph.D.,

F.R.S.
Prof. G. D. Liveing, M.A.,

F.R.S.
Dr. J. H. Gladstone, F.R.S...

Prof. Sir H. E. Roscoe, Ph.D.,

LL.D., F.R.S.

Prof. H. E. Armstrong, Ph.D.,

F.R.S., Sec. C.S.

W. Crookes, F.R.S., V.P.C.S.

Dr. B. Schundk, F.R.S., F.C.S.

Prof. W. A. Tilden, D.Sc.,

F,;^.S., V.P.C.S.

Dr. T. Cranstoun Charles, W. Chand-
ler Roberts, Prof. Thorpe.

Dr. H. E. Armstrong, W. Chandler
Roberts, W. A. Tilden.

W. Dittmar, W. Chandler Roberts,
J. M. Thomson, W. A. Tilden.

Dr. Oxland, W. Chandler Roberta,

J. M. Thomson.
W. Chandler Roberts, J. M. Tliom-

son. Dr. C. R. Tichborne, T. Wills.

H. S. Bell, W. Chandler Roberts, J.

M. Thomson.
P. Phillips Bedson, H. B. Dixon, Dr.
W. R. Eaton Hodgkinson, J. M.
Thomson.

P. Phillips Bedson, H. B. Dixon,
T. Gough.

P. Phillips Beason, H. B. Dixon,
J. L. Notter.

Prof. P. PjiUllips Bedson, H. B.

Dixon, H.^orster Morley.
Prof. P. Phillips Bedson, H. B. Dixon,

T. McFarlane, Prof. W. H. Pike.

Prof. P. Phillips Bedson, H. B. Dixon,
H.ForsterMorley,Dr.W.J.Simpson.

Prof. P. Phillips Bedson, H. B.

Dixon, H. Forster Morley, W. W.
J. Nicol, C. J. Woodward.

Prof. P. Phillip Bedson, H. Forster
Morley, W. Thomson.

Prof. H. B. Dixon, Dr. H. Forster
Morley, R. E. Moyle, Dr. W. W.

^ J. Nicol.
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Date and Place Presidents Secretaries

€

GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE.

COMMITTEE OP SCIENCES, III.—GEOLOGY AND GEOGRAPHY.

1832. Oxford R. I. Murchison, F.R.S John Taylor. d
'

1833. Cambridge . G. B. Greenough, F.R.S W. Lonsdale, John Phillips.

1834. Edinburgh. Prof. Jameson Prof. Phillips, T. Jameson Torrie,

Rev. J. Yates.

•

SECTION C.—GEOLOGY AND GEOGRAPHY.

1836.

Dublin
|

R. J. Griffith
j

Captain Portlock, T. J. Torrie.

1836. Bristol jRev. Dr. Buckland, F.R.S.— William Sanders, S. Stutchbury,

j

6rc^^ri^Ay,R. I. Murchison, T. J. Torrie.

I

F.R.S. t

1837. Liverpool...|Rev. Prof. Sedgwick, F.R.S.— Captain Portlock, R. Hunter.

—

^eo-
I Oeography, G.B.Greenough, yrajohy, Captain H. M. Denham,
!

F.R.S. R.N.

1838. Newcastle. . C. Lyell, F.R.S., V.P.G.S.— W. C. Trevelyan, Capt. Portjock.

—

Geography^ Lord Prudhope. Geography^ Capt. Washington. •

1839. Birmingham Rev. Dr. Buckland, F.R.S.— George Lloyd, M.D., H. ^E. Strick-
<?^(jym^;%,G.B.Greenough, land, Charles Daryrin.

I
F.R.S.

1840. Glasgow ...j Charles Lyell, F.R.S.

—

Geo- W. J. Hamilton, D. Milne, Hugh
i

qraphy. G. B. Greenough, Murray, H. E. Strickland, John

I

F.R.S. Scoular, M.D.
1841. Plymouth... H. T. De la Beche, F.R.S. ... W.J.Hamilton,Edwafd Moore, M.D.,

! R. Hatton.
1842. Manchester

|

R. I. Murchison, F.R.S E. W. Binney, R. Hutton, Dr. R.
! Lloyd, H. E. Strickland.

1843. Cork Richard E. Griffith, F.R.S., Francis M. Jennings, H. E. Strick-

j

M.R.I.A. land.

1844. York Henry WarbmTon, M.P.,Pres. Prof. Ansted, B. H. Bunbury.
Geol. Soc.

1845. Cambridge. Rev. Prof. Sedgwick, M.A., Rev. J. C. Camming, A. C. Ramsay,
F.R.S. Rev. W. Thorp.

1846. Southamp- Leonard Horner,F.R.S.

—

Geo- Robert A. Austen, Dr. J. H. Norton,
ton. graphy^ G. B. Greenough, Prof. Oldham.

—

Geography^ Dr. 0.
F.R.S. T. Beke.

1847. Oxford Very Rev.Dr.Buckland,F.R.S. Prof. Ansted, Prof. Oldham, A. O.
Ramsay, J. Ruskin.

1848. Swansea ... Sir H. T. De la Beche, C.B., Starling Benson, Prof. Oldham,
F.R.S. Prof. Ramsay.

1849.

Birmingham Sir Charles Lyell, F.R.S., J. Beete Jukes, Prof. Oldham, Prof.
F.G.S. A. C. Ramsay.

1860, Edinburgh* Sir Roderick I. Murchison, A. Keith Johnston, Hugh Miller,
F.R.S. Prof. Nicol.

SECTION C (cOUftWed?).-—-GEOLOGY.

1861. Ipswich ... WilliamHopkins,M.A.,F.R.S.
I
C. J. F. Bunbury, G. W. Ormerod,

Searles Wood.
1862. Belfast Lieut. -Col. Portlock, R.E., James Bryce, James MacAdam,

F.B.S. Prof. M‘Coy, Prof. Nicol.
• t

> At a meeting of the General Committee held in 1860, it was resolved * That
the subject of Geography be separated from Geology and combined with Ethnology,
to constitute a separate Section, under the title of the Geographical aflid Ethno*
logical Section,*” for Presidents and Secretaries of which sed page liv.
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Date end Place

1863. Hull
1864. Liverpool..

1866. Glasgow ...

1866. Cheltenham

1867. Dublin

1868. Leeds

1869. Aberdeen...

1860. Oxford

1861. Manchester

1862. Cambridge
t

1863. Newcastle

1864. Bath

1866. Birmingham

1866. Nottinglfhm

1867. Dundee ...

1868. Norwich ...I

1869. Exeter

1870. Liverpool...

1871. Edinburgh

1872; Brighton...

1873. Bradford...

1874. Belfast

1876. Bristol

1876. Glasgow ...

•
'

1877. •Plymouth...

1878. Dublin

1879. Sheffield ...

1880. Swansea ...

1881. York.........

1882. §outhamp-
ton.

1888.

Presidents Secretaries

Prof. Sedgwick, F.R.S
Prof. Edward Forbes, F.R.S,

Sir R. I. Murchison, F.R.S....

Prof. A. C. Ramsay, F.R.S....

The Lord Talbot de Malahide

William Hopkins,M.A .,LL.D.,

F.R.S.

Prof. Harkness, William Lawton.
John Cunningham, Prof. Harkness,

G. W. Ormerod, J. W. Woodall.
James Bryce, Prof. Harkness, Prof.

Nicol.

Rev. P. B. Brodie, Rev. R. Hep-
worth, Edward Hull, J. Scougall,
T. Wright.

Prof. Harkness, Gilbert Sanders,
• Robert H. Scott.

Prof. Nicol, H. C. Sorby, E. W.
Shaw.

Sir Charles -Jiyell, LL.D.,
D.C.L., F.R.S.

Rev. Prof. Sedgwick, LL.D.,
“ F.R.S., F.G.S.
Sir R. I. Murchison, D.C.L.,

LL.D., F.R.S.

J. Beete Jukes, M.A., F.R.S.

Prof. Warington W. Smyth,
F.R.S., F.G.S.

Prof. J. Phillips, LL.D.,
F.R.S., F.G.S.

Sir R. I. Murchison, Bart.,

K.C.B.
Prof. A. C, Ramsay. LL.D.,
F R S

Archibald Geikie, F.R.S.,

F.G.S.
R. A. C. Godwin-Austen,

F.R.S., F.G.S.
Prof. R. Harkness, F.R.S.,

F.G.S.

Sir Philipde M.Grey Egerton,
Bart., M.P., F.R.S.

Prof. A. Geikie, F.R.S., F.G.S.

R. A. C. Godwin-Austen,

^ F.R.S., F.G.S.

Prof. J. Phillips, D.C.L.,

F.R.S., F.G.S.
Prof. Hull, M.A., F.R.S.,
F G S

Dr. Thomas Wright, F.R.S.E.,

F.G.S.
Prof. John Young, M.D

W. Pengelly, F.R.S..

John Evans, D.C.L., F.R.S.,

P.S.A., F.G.S.

l?fof.P. Martin Duncan, M.B.,

P.R.S., F.G.S.

H. C. Sorby, {iL.D., F.R.S.,

F.G.S.

A. C. Ramsay, LL.D., F.R.S.,

F.G.S.

R. Etheridge, F.R.S., F.G.S.

Prof. Harkness, Rev. J. Longmuir,
H. C. Sorby.

Prof. Harkness, Edward Hull, Capt.
D. C. L. Woodall.

Prof. Harkness, Edward Hull, T.
Rupert Jones, G. W. Ormerod.

Lucas Barrett, Prof. T. Rupert
Jones, H. C. Sorby.

E. F. Boyd, John Daglish, H. C.
Sorby, Thomas Sopwith.

W. B. Dawkins, J. Johnston, H. C.
Sorby, W. Pengelly.

Rev. P. B. Brodie, J. Jones, Rev. E.
Myers, H. C. Sorby, W. Pengelly.

R. Etheridge, W. Pengelly, T. Wil-
son, G. H. AVright.

Edward Hull, W. Pengelly, Henry
Woodward.

Rev. O. Fisher, Rev. J. Gunn, W.
Pengelly, Rev. H. H. Winwood.

W. Pengelly, W. Boyd Dawkins,
Rev, H. H, Winwood.

W. Pengelly, Rev. H. H. Winwood,
W. Boyd Dawkins, G. H. Morton.

R. IStheridge, J. Geikie, T. McEenny
Hughes, L. C. Miall.

L. C. Miall, George Scott, William
Topley, Henry Woodward.

L. C. Miall, R. H. Tiddeman, W.
Topley.

F. Drew, L. C. Miall, R. G. Symes,
R. H. Tiddeman.

L. C. Miall, E. B. Tawney, W. Top-
ley.

J. Armstrong, F. W. Rudler, W,
Topley.

Dr. Le Neve Foster, R. H. Tidde-
man, W. Topley.

E. T. Hardman, Prof. J. O’Reilly,

R. H. Tiddeman.
W. Topley, G. Blake Walker.

W. Topley, W. Whitaker.

J. B. Clark, W. Keeping, W. Topley,,

W. Whitaker.
T. W. Shore, W. Topley, B. West-

lake, W. Whitaker.
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Date and Place Presidents Secretaries

- ^

^

1883. Southport Prof, W. C. Williamson, R. Betley, C. E. De Ranee, W. Top-
LL.D., F.R.S. ley, W. Whitaker.

fBSi. Montreal ... W. T. Blanford, F.R.S., Sec. F. Adams, Prof. B. W. Claypole, W.
G.S. Topley, W. Whitaker.

1886.

Aberdeen ... Prof. J. W. Judd, F.R.S., Sec. C. E. De Rance,CJo Home, J. J.'H.
G.S. Teall, W. Topley.

1886. Birmingham Prof. T. G. Bonney, D.Sc., W. J. Harrison, J. J. H. Teall, W.
LL.D., P.B.S., F.G.S. Topley, W. W. Watts.

1887. Manchester Henry Woodward, LL.D., J. E. Marr, J. J. H. Teall, W. Top-
F.R.S., F.G.S? ley, W. W. Watts.

1888. Bath Prof.W. Boyd Dawkins, M.A., Prof. G. A. Lebour, W. Topley, W.
F.R.S., F.G.S. W. Watts, H. B. Woodward.

BIOLOGICAL SCIENCES.

COMMITTEE OP SCIENCES, IV.—ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY.

1832. Oxford Rev, P. B. Duncan, F.G.S. ... Rev. Prof. J. S. Henslow.
1833. Cambridge * Rev. W. L. P. Garnons, F.L.S. C. C. Babington, D. Don,
1834. Edinburgh . Prof. Graham W. Yarrell, Prof. Burnett.

SECTION D.—^ZOOLOGY AND BOTANY.

1835. Dublin Dr. Allman J. Curtis, Dr. Litton.
1836. Bristol Rev. Prof. Henslow J. Curtis, Prof, Do:ij, Dr. Riley, S.

Rootsey.
1837. Liverpool... W. S. MacLeay C. C. Babington, Rev. L. Jenyns, W.

Swainson.
1838. Newcastle Sir W. Jardine, Bart J. E. Gray, Prof. Jones, R. Owen,

Dr. Richardson.
1839. Birmingham Prof. Owen, F.R.S E. Forbes, W. Ick, R. Patterson.
1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W. Couper, IS. Forbes, R. Pat-

terson.
1841. Plymouth... John Richardson, M,D.,F.R.S. J. Couch,Dr. Lankester, R. Patterson.
1842. Manchester Hon. and Very Rev. W. Her- Dr. Lankester, R. Patterson, J. A.

bert, LL.D., F.L.S. Turner.
1843. Cork William Thompson, F.L.S. ... G. J. Allman, Dr. Lankester, B.

Patterson.
1844. York Very Rev. the Dean of Man- Prof. Allman, H. Goodsir, Dr, King,

Chester. Dr. I^ankester.

1846.

Cambridge Rev. Prof. Henslow, F.L.S.... Dr. Lankester, T. V. Wollaston.
1846. Southamp- Sir J. Richardson, M.D., Dr. Lankester, T. V. Wollaston, H.

ton. P.R.S. Wooldridge.
1847. Oxford H. E. Strickland, M.A., F.R.S. Dr. Lankester, Dr. Melville, T. V.

Wollaston.

SECTION D (continued).—zoology and botany, including PHYSIOLOGY.

[For the Presidents and Secretaries of the Anatomical and Physiological Subsec-
tions and the temporary Section E of Anatomy and Medicine, see p. liii.]

1848. Swansea ... L. W. Dillwyn, F.B.S Dr. R. Wilbraham Falconer, A. Hen*
frey. Dr. Lankester. c

1849. Birmingham William Spence, F.R.S ^Dr. Lankester, Dr. Russell* .

I860. Edinburgh Prof. Goodsif, F.R.S. L. & E. ftx)f. J. H. Bezmett, M.D., Dr. Lan-
kester, Dr. Douglas Maclagan.

* At this Meeting Physiology and Anatomy were made a separate^Cbmmittee,
for Presidents and Secretaries of which see p. liii.
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Date a&d Place I Presidents

1851. Ipswich ...

1862. Belfast

Rev. Prof. Henslow, M.A.,
F.R.S.

W. Ogilby

I8S3. Hull a.*

1864. Liverpool...

1866. Glasgow ...

186^1. Cheltenham

C. C. Babington, M.A., F.R.S.
Prof. Balfour, M.D., F.R.S....

Rev. Dr. Fleeming, F.R.S.E.
Thomas Bell, F.R.S., Pres.L.S.

1867. Dublin

1868. Leeds

Prof. W. H. Harvey, M.D.,
F.R.S.

C. C. Babington, M.A., F.R.S.

1869. Aberdeen... Sir W.Jardine, Bart., F.R.S.E.

^
c

1860? Oxford Rev. Prof. Henslow, F.L.S....

1861. Manchester

186C. Cambridge
1863. Newcastle

Prof. C. C. Babington, F.R.S.

Prof. Huxley, F.R.S
Prof. Balfour, M.D., F.R.S....

1864. Bath Dr. John E. Gray, F.R.S. ...

1866. Birmingham T. Thomson, M.D., F.R.S.

Secretaries

Prof. Allman, F. W. Johnston, Dr. B.
Lankester. *

Dr. Dickie, George C. Hyndman, Dr.
Edwin Lankester.

Robert Harrison, Dr. E. Lankester.
Isaac Byerley, Dr. E. Lankester.
William Keddie, Dr. Lankester.
Dr. J. Abercrombie, Prof. Buckman,
, Dr: Lankester.
Prof. J. R. Kinahan, Dr. E. Lankester,
Robert Patterson, Dr. W. E. Steele.

Henry Denny, Dr. Heaton, Dr. E.
Lankester, Dr. E. Perceval Wright.

Prof. Dickie, M.D., Dr. E. Lankester,
Dr. Ogilvy.

W. S. Church, Dr. E. Lankester, P.
L. Sclater, Dr. E. Perceval Wright.

Dr. T. Alcock, Dr. E. Lankester, Dr.
P. L. Sclater, Dr. E. P. Wright.

Alfred Newton, Dr. E. P. Wright.
Dr. E. Charlton, A. Newton, Rev. H.

B. Tristram, Dr. E. P. Wright.
H. B. Brady, C. E. BrooA, H. T.

Stainton, Dr. E. P. Wright.
Dr. J. Anthony, Rev. C. Clarke, Rev.
H. B. Tristram, Dr. E. P. Wright.

I-

SECTION D (continued),—biology.^

1866. Nottingham

1867. Dundee ...

1868. Norwich ...

1869. Exeter

1870. Liverpool...

1871. Edinburgh.

Prof. Huxley, LL.D., F.R.S,

—Physiological Bep.^ Prof.

Humphry, M.D., F.R.S.

—

Anthropological Bep.^ Alf.

R, Wallace, F.R.G.S.
Prof. Sharpey, M.D., Sec. R.S.—Bep. of Zool. a/nd Bot.,

George Busk, M.D., F.R.S.

Rev. M. J. Berkeley, F.L.S.—Bep. of Physiology^ W.
H. Flower, F.R.S.

George Busk, F.R.S., F.L.S.—Bep. of Bot. and Zool.,

I C. Spence Bate, F,R.S.—
Bep, of Ethno.y E. B. Tylor.

Prof. G. Rolleston, M.A., M.D.,
F. R. S., F. L. S.

—

Bep, of
Anat. and Physiol.yVtoi.M.,

Foster, M.D., F.L.^

—

Bep.
of Ethno.y J. Evans, F.R.8.

Prof. Allen Thomson, M.D.,
F.R.S.

—

Bep. of Bat. and
i5wI.,Prof.WyvilleThomson,
F.R.S.

—

Bep. of Anthropol.y
Prof. W. Turner, M.D.

Dr. J. Beddard, W. Felkin, Rev. H,
B. Tristram, W. Turner, B. B.
Tylor, Dr. E. P. Wright.

C. Spence Bate, Dr. S. Cobbold, Dr.
M. Foster, H. T. Stainton, Rev. H.
B. Tristram, Prof. W. Turner.

Dr. T. S. Cobbold, G. W. Firth, Dr.
M. Foster, Prof. Lawson, H. T.
Stainton, Rev. Dr. H. B. Tristram,
Dr. E. P. Wright.

Dr. T. S. Cobbold, Prof. M. Foster,

E. Ray Lankester, Prof. Lawson,
H. V Stainton, Rev. H. B. Tris-

tram.
Dr. T. S. Cobbold, Sebastian Evans,

Prof. Lawson, Thos. J. Moore, H.
T. Stainton, Rev. H. B. Tristram,
C. Staniland Wake, E. Ray Lan-
kester.

Dr. T. R. Fraser, Dr. Arthur Gamgee,
E. Ray Lankester, Prof. Lawson,
H. T. Stainton, C. Staniland Wake,
Dr. W. Rutherford, Dr. Kelbume
King.

> At a meeting of the General Committee in 1866, it was resolved:—<That the
title of Section D be changed to Biology ;

* and * That for the word Subsection,**

in the :i^es for 'conducting the business of the Sections, the word "Department**
be aubstitntAd.*
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Date and Place

1872. Brighton

1873. Bradford

1874. Belfast,

1875. Bristol

1876. Glasgow

1877. Plymouth...

1878. Dublin

Presidents

Sir J. Lubbock, Bart.,F.R.S.

Bep. of Anat. and Phydol.^
Dr. Burdon Sanderson,
F.R.S.

—

Dep. ofAnthropol.t
Col. A. Lane Fox, F.G.S.

Prof. Allman, F.R.S.

—

Depr of
Anat.and Physiol.yVxot. Ru-
therford,M.D.

—

Dep. ofAn-
thropol.t Dr. jSeddoe, F.R.S.

Prof. Redfern, M.D.

—

Dep. of\

Zool. and Dr. Hooker,
C.B.,Pre8.R.S.— o/A «-

throp.,^\x W.R.Wilde, M.D <

P. L. Sclater, F.R.S.

—

Dep. of
\

Anat.andPhysiol.^xat.O\ei
land, M.D., F.R.S.

—

Dep. of
Antliropol.y Prof. Rolleston,

M.D., F.R.S.
A. Russel Wallace, F.R.G.S.,

F.L.S.

—

Dep. of Zool. and
Dot.y Prof. A. Newton, M.A.
F.R.S.

—

Dep. of Anat, and
Phyitiol.y Dr. J. G. McKen
drick, F.R.S.E.

J.GwynJeffreys,LL. D.,F.R.S.
F.L.S.

—

Dep. of Anat. and
Physiol.^ Prof. Macalister
M.D.

—

Dep. of Anthropol.
Francis Gallon, M.A.,F.B.S

Secretaries

1879. Sheffield

1880. Swansea ...

1881. York.

1882. Southamp-
ton.

'rof. W. H. Flower, F.R.S.
Dep. of Anthropol.^ Prof,

Huxley, Sec. R.S.

—

Dep
of Anat. and Phytiol.^ R
McDonnell, M.D., F.R.S.

Prof. St. George Mivart,
F.R.S.

—

Dep. ofAnthropol,,
E. B. Tylor, D.C.L., F.R.S.—Dep. of Anat. and Phy
giol., Dr. Pye-Smith.

A. C. L. Giinther, M.D., F.R.S.—Dep. of A nat. and Phy-
nol., F. M. Balfour, M.A.,
E.E.^.—Dep, ofAnthropol.,
F. W. Rudler, F.G.S.

Richard Owen, C.B., M.D.,
F.R.S.

—

Dep. ofAnthropol.,
Prof. W. H. Flower, LL.D.,
F.R.S.

—

Dep. of Anat. a/nd

Phyiiol., Prof. J. S. Burdon
Sanderson, M.D., F.R.S.

Prof. A. Gamgee, M.D., F.R.8.*|—Dep. of 2h>ol. and Bat.,
Prof. M. A. Lawson, M.A.,
F.L.S.

—

Dep. ofAnthropol,,
Prof. W. Boyd Dawluns,
M.A., F.R.S.

I

Prof. Thiselton-Dyer,H. T. Stainton,
Prof. Lawson, F. W. Rudler, J. H.
Lamprey, Dr. Gamgee, E. Ray
Lankester, Dr. Pye-Smith.

Prof. Thiselton-Dyer, Prof. Lawson,
R. M‘Lachlan, Dr. Pye-Smitlf, E.
Ray Lankester, F. W. Rudler, J.

H. Lamprey.

W. T. Thiselton-Dyer, R. 0. Cunning-
' ham, Dr. J.’ J. Charles, Dr. P. H.
Pye-Smith, J. J. Murphy, F. W.
Rudler.

,

o

E. R. Alston, Dr. McKendrick, Prof.

W. R. M‘Nab, Dr. Martyn, F. W.
Rudler, Dr. P. H. Pye-Spaith, Dr.
W. Spencer. o

e

E. R. Alston, Hyde Clarke, Dr.
Knox, Prof. W. R. M‘Nab, Dr.
Muirhead, Prof. Morrison Wat-
son.

E. R! Alston, F. Brent, Dr. D. J.

Cunningham, Dr. C. A. Kingston,
Prof. W. R. M‘Nab, J. B. Rowe,
F. W. Rudler.

Dr. R. J. Harvey, Dr. T. Hayden,
Prof. W. R. M‘Nab, Prof. J. M.
Purser, J. B. Rowe, F. W. Rudler.

Arthur Jackson, Prof. W. R. M<Nab,
J. B. Rowe, F. W. Rudler, Prof.

Schafer.

G. W. Bloxam, John Priestley,

Howard Saunders, Adam Sedg-
wick.

G. W. Bloxam, W. A. Porbe%, Rqv.
W. C. Hey, Prof. W. R. M‘Nab,
W. North, John Priestley, Howard
Saunders, H. E. Spencer.

G. W. Bloxam, W. Heape, J. B.
Nias, Howard Saunders, A. Sedg-,
wick, T. W. Shore, jnn.
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Date khd Place

1

"Presidents

1883. Southport' Prof. E. Ray Lankester, M.A.,
F.R.S.

—

Dep. ofA nthropol.,

W. Pengelly, F.R.S.

1884. Montreal^..*

1886. Aberdeen...
•

Prof. H. N. Moseley, M.A.,

F.R.S.

Prof. W. C. Meintoeh, M.D.,
LL.D., F.R.S. L. & E.

1886. Birmingham W. Carruthers, Pres. L.S.,

F.R.S., F.G.S.

1887. Manchester Prof. A. Newtohj'^.A., F.R.S.,

F.L.S., V.P.Z.S.

188^. Bath W. T. Thiselton-Dyer, C.M.G.,

F.R.S., F.L.S.

Sec^f^taries

Q. W. Bloxam, Dr. G. J. Haslam,
W. Heape, W. Hurst, Prof. A. M.
Marshall, Howard Saunders, Dr.
G. A. Woods.

Prof. W. Osier, Howard Saunders, A.
Sedgwick, Prof. R. R. Wright.

W. Heape, J. McGregor-Robertson,
J. Duncan Matthews, Howard
Saunders, H. Marshall Ward.

I?rof . T. W. Bridge,’ W. Heape, Prof.

W. Hillhouse, W. L. Sclater, Prof.

H. Marshall Ward.
C. Bailey, F. E. Beddard, S. P. Har-

mer, W. Heape, W. L. Sclater,

Prof. H. Marshall Ward.
F. E. Beddard, 8. F. Harmer, Prof.

H. Marshall Ward, W. Gardiner,
I’rof. W. D. Halliburton.

AITATOMICAL AND PHYSIOLOGICAL SCIENCES.

COMMITTEE OF SCIENCES, V.—ANATOMY AND PHYSIOLOGY.

1833. Cambridge Dr. Haviland ;
Dr. Bond, Mr. Paget.

1834. Edinburg, Dr. Abercrombie I Dr. Roget, Dr. William Thomson,

SECTION E (until 1847).—ANATOMY AND MEDICINE.

1836. Dublin
1836. Bristol

1837. Liverpool...

Dr. Pritchard
Dr. Roget, F.R.S
Prof. W. Clark, M.D. .

• • « • • • •

1838. Newcastle
1839. Birmingham
1840. Glasgow ...

T. E. Headlam, M.D
John Yelloly, M.D., F.R.S...

.

James Watson, M.D

Dr. Harrison, Dr. Hart.
Dr. Symonds.
Dr. J. Carson, jun., James Long,

Dr. J. R. W. Vose.

T. M. Greenhow, Dr. J. R. W. Vose.

Dr. O. 0. Rees, F. Ryland.
Dr. J. Brown, Prof. Couper, Prof.

Reid.

SECTION E.—PHYSIOLOGY.

1841. Plymouth... :P. M. Roget, M.D., Sec, R.S.

1842. Manchester
1848. Cork
1844. York
1846. Cambridge
1846. Southamp-

,
• ton.

1847. Oxford* ...

Edward Holme, M.D., F.L.S.

Sir James Pitcairn, M.D. ...

J. C. Pritchard, M.l^. .........

Prof. J. Haviland, M.D
Prof. Owen, M.D., F.R.S. ...

Prof. Ogle, M.D., F.R.S

Dr. J. Butter, J. Fugo, Dr. R. 8.

Sargent.

Dr. Chaytor, Dr. R. S. Sargent,

Dr. John Popham, Dr. R. S. Sargent.

I. Erichsen, Dr. R. 8. Sargent.

Dr. R. S. Sargent, Dr. Webster.

C. P. Keele, Dr. Laycock, Dr. Sar-

gent.

Dr. Thomas K. Chambers, W. P.

Ormerod.

> By direction of the General Committee at Southampton (1882) the D^rtments
of*Zoology and Botany and of Anatomy and Physiology were amalgamated.

* By authority of the Gener^ «Committee, Anthropology was made a separate

Section, for Presidents and Secretaries of which see p. lix.

• By direction of the General Committee at Oxford, Sections D and B were

incorporate under the name of ‘ Section D—Zoology and Botany, including Phy-

elolo^’ (see p. 1). The Section being then vacant was assigned in 1861 .to

OeoeraDhy.
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Date and Place • Presidents

1

Secretaries

1850.

1866.

1867.

1858.

1859.

1860.

1861.

1862.

1863.

1864.

1865.

Edinburgh
Glasgow ...

Dublin
Leeds

Aberdeen...
Oxford
Manchester
Cambridge
Newcastle
Bath

Binning
ham.*

PHYSIOLOGICAL SUBSECTIONS OF SECTION D.

Prof. Bennett, M.D., F.R.S.E.
Prof. Allen Thomson, F.R.S.
Prof. R. Harrison, M.D
Sir Benjamin Brodie, Bart.,

F.R.S.
•

Prof. J. H. Corbell,,Pr. J. Struthfers,

Dr. R. D. Lyons, Prof. Redfem.
C. G. Wheelhouse.

Prof. Sharpy, M.D., Sec.R.S.
Prof.G.Rol ]eston ,

M.D.,F.L. S.
Dr. John Davy, F.R.S.L.& E.
G. E. Paget, M.D
Prof. Rolleston, M.D., F.R.S.
Dr. Edward Smith, LL.D.,

F.R.S.

Prof. Acland, M.D., LL.D.,
F.R.S.

Prof. Bennett, Prof. Redfern.
Dr. R. M‘Donnell, Dr. Edward Smith.
Dr. W. Roberts, Dr. Edward Smith.
G. F. Helm, Dr. Edward Smith.
Dc. D. Embleton, Dr. W. Turner.
J. S. Bartrum, Dr. W. Turner.

Dr. A. Flemihg, Dr. P. Heslop,
Oliver Pembleton, Dr. W. Tomer.

GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES’. '

[For Presidents and Secretaries for Geography previous to 1861, see Section C.
p. xlviii.]

ETHNOLOGICAL SUBSECTIONS OP SECTION D.

1846.Southampton
1847. Oxford
1848. Swansea ...

1849. Birmingham
j

1850. Edinburgh
j

Dr. Pritchard
Prof. H. H. Wilson, M.A. ...

Vice-Admiral Sir A. Malcolm

Dr. King.
Prof. Buckley.
G. Grant Francis.

Dr. R. G. Latham.
Daniel Wilson.

SECTION E.—GEOGRAPHY AND ETHNOLOGY.

1861. Ipswich • • • Sir R. I. Murchison, F.R.S., R. Cull, Rev. J. W. Donaldson, Dr.

j

Pres. R.G.S.
1862. Belfast Col. Chesney, R.A., D.C.L.,

I F.R.S.
1863. Hull. R. G. Latham, M.D., F.R.S.

i

1854. Liverpool... Sir R. 1. Murchison, D.C.L.,

j
F.R.S.

1865. Glasgow ... Sir J. Richardson, M.D.,

I

F.R.S.
1866. Cheltenham Col. Sir H. C. Rawlinson,

i

K.C.B.
1857. Dublin Rev. Dr. J. Henthom Todd,

j
Pres. R.I.A.

1858, Leeds Sir R.I. Murchison, G.C.St.S.,

, F.R.S.
»

1869. Aberdeen... Rear - Admiral Sir James
i

Clerk Ross, D.C.L., F.R.S.
1860. Oxford Sir R. I. Murchison, D.C.L.,

! F.R.S.
1861. Manchester John Crawfurd, F.R.S

'

I

1862. Cambridge Francis Galton, F.R.S

Norton Shaw.
R. Cull, R. MacAdam, Dr. Norton
Shaw.

R. Cull, Rev. H. W. Kemp, Dr.
Norton Shaut.

I Richard Cull, Rev. H. Higgins, Dr.
I Ihne, Dr. Norton Shaw.
Dr. W. G. Blackie, B. Cull, Dr.
Norton Shaw.

R. Cull, F. D. Hartland, W. H.
Rumsey, Dr. Norton Shaw.

R. Cull, S. Ferguson, Dr. B. B.
Madden, Dr. Norton Shaw.

R. Cull, Francis GaltOn, P. ,P’Cai«

laghan. Dr. Norton Shaw, Thpmr'S
Wright.

Richard Cull, Prof. Geddes, Dr. Nor-
ton Shaw.

Capt. Burrows, Dr. J. Hunt, Di^ 0.
Lemprifere, Dr. Norton Shaw.

Lr. J. Hunt, J. Kingsley, Dr. Nor-
ton Shaw, W. Spottiswoode.

J.W.Clarke, Rev. J. Glover, Dr.Hunt,
Dr. Norton Shaw, T. Wright.

Ai

Vide note on page xlviiL
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Date^d Place Presidents

1863. Newcastle

1864. Bath...

Sir R. I. Murchison, K.C.B.,
F.R.S.

Sir R. I. Murchison, K.C.B.,
F.R.S.

Major-General Sir H. Raw-
linson, M.P., K.C.B., F.R.S.

Sir Charles Nicholson, Bart.,

LL.D.

1^66. Birminghaif

1866. Nottingham

1867. Dundee ... Sir Samuel Baker, F.R.G.S.

1868. Norwich ... Capt. G. H. Richards, R.N.,

F.R.S.

Se9Tetaries

C. Carter Blake, Hume Greenileldy
C. R. Markham, R. S. Watson.

H. W. Bates, C. R. Markham, Gapt.
R. M. Murchison, T. Wright.

H. W. Bates, S. Evans, G. Jabet, 0.
R. Markham, Thomas Wright.

H. W. Bates, Rev. E. T. Cusins, R.
H. Major, Clements R. Markham,
n W. Nash, T. Wright.

S. W. Bates, Cyril Graham, Clements
R. Markham, S. J. Mackie, B.
Sturrock.

T. Baines, H. W. Bates, Clements B.
Markham, T. Wright.

SECTION B {continued),

—

geographt.

1869. Exeter

1870. iiiyerpool...

1871. Edinburgh

1872. Brighton...

1873. Bradfor<^...

1874. Belfast

1876. Bristol

1876. Glasgow ...

Sir Bartle Frere, K.C.B.,
LL.D., F.R.G.S.

Sir R. I.Murchison, Bt.,K.C.B.,
LL.D.,D.C.L., F.R.S., F.G.S.

Colonel Yule, C.B., F.R.G.S.

Francis Galton, F.R.S

SirRutherford Alcock, K. C.B.

Major Wilson, R.E., F.R.S.,

F.R.G.S.
Lieut. - General Strachey,

R.E.,C.S.L,F.R.S.,F.R.G.S.,

F.L.S., F.G.S.
Gapt. Evans, C.B., F.R.S

H. W. Bates, Clements R. Markham
J. H. Thomas.

H.W.Bates, David Buxton, Albert J,

Mott, Clements R. Markham.
A. Buchan, A. Keith Johnston, Cle-
ments R. Markham, J. H. Thomas.

H. W. Bates, A. Keith Johnston,
Rev. J. Newton, J. H. Thomas.

H. W. Bates, A. Keith Johnston,
Clements R. Markham.

E. G. Ravenstein, E. C. Rye, J. H.
Thomas.

H. W. Bates, E. C. Rye, F. F.
Tuckett.

H. W. Bates, E. C. Rye, R. Oliphant
Wood.

1877. Plymouth...

1878. Dublin

1879. Sheffield ...

1880. Swansea ...

Adm. Sir E. Ommanney, C.B.,

F.R.S., F.R.G.S., F.B.A.S.

Prof. Sir C. Wyville Thom-
son, LL.D., F.R.S.L.&E. i

Clements R. Markham, C.B.,

F.R.S., Sec. R.G.S.
Lieut.-Gen. Sir J. H. Lefroy,

C.B.,K.C.M.G., R.A.,F.R.S.,

F.R.G.S.

H. W. Bates, F. E. Fox, B. C. Bye.

John Coles, E. C. Bye.

H. W. Bates, C. E. D. Black, E. 0.
Rye.

H. W. Bates, E. C. Rye.

1881. York

1882. Southamp-
ton.

1883. Southport

f884. Montreal ...

1885. Aberdeen...

1886. Birmingham

1887. Manchester

1888. jiath

Sir J. D. Hooker, K.C.S.L,
O.B., F.R.S.

Sir R. Temple, Bart., G.C.S.I.,

F.B.G.S.

Lieut.-Col. H. H. Godwin-
Austen, F.R.S.

Gen. Sir J. H. Lefroy, C.B.,

K.C.M.G., F.R.S.,V.P.R.G.S.

Gen. J. T. Walker, C.B., R.B.,

LL.D., F.R.S.

Maj.-Gen. Sir. F. J. Goldsmid,
K.C.S.I., C.B„ F.R.G.S.

Col. Sir C. Warren, R.B.,

G.O.M.G., F.B.S., F.B.G.S.

Col. Sir C. W. Wilson, R.E.,

KO.B., P.R.S.. F.R.G.S.

J. W. Barry, H. W. Bates.

E. G. Ravenstein, E. C. Rye.

John Coles, E. G. Ravenstein, E. C.
Bye.

Rev.Abb4Laflamme, J. S. O’Halloran,

E. G. Ravenstein, J. F. Torrance.

J. S. Keltic, J. S. O’Halloran, B. G.
Ravenstein, Rev. G. A. Smith.

F. T. S. Houghton, J. S. Keltic
E. G. Ravenstein.

Rev. L. C. Casartelli, J. S. Keltic,

H. J. Mackinder, E. G. Raven-
stein.

J. S. Keltic, H. J. Mackinder, E. G«
Ravenstein.
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^
Date and Place

,
Presidents Secretaries

STATISTICAL SCIENCE.
COMMITTEE OF SCIENCES, VI.—STATISTICS.

1833. Cambridge i Prof. Babbage, F.R.S i J. E. Drinkwater.’ -

1834. Edinburgh
|
Sir Charles Lemon, Bart

|
Dr. Cleland, C. Hope Maclean,

1836. Dublin
1836. Bristol

1837. Liverpool...

1838. Newcastle
1839. Birmingham

1840. Glasgow ...

1841. Plymouth...

1842. Manchester

1843. Cork
1844. York

1846. Cambridge
1846. Southamp-

ton.

1847. Oxford

1848. Swansea ...

1849. Birmingham

1860. Edinburgh

1881. Ipswich ...

1862. Belfast

1863. Hull
1864. Liverpool...

1866. Glasgow ...

SECTION F.—STATISTICS.

Charles Babbagtf, F.R.S
Sir Chas. Lemon, Bart., F.R.S.

Rt. Hon. Lord Sandon

Colonel Sykes, F.R.S
Henry Hallam, F.R.S

Rt. Hon. Lord Sandon, M.P.,
F.R.S.

Lieut.-Col. Sykes, F.R.S

G. W. Wood, M.P., F.L.S. ...

Sir C. Lemon, Bart., M.P. ...

Lieut. - Col. Sykes, F.R.S.,

F.L.S.

Rt.Hon. the Earl Fitzwilliam
G. R. Porter, F.R.S

Travers Twiss, D.C.L., F.R.S.

J. H. Vivian, M.P., F.R.S. ...

Rt. Hon. Lord Lyttelton......

Very Rev. Dr. John Lee,
V.P.R.S.E.

jSir John P. Boileau, Bart. ...

His Grace the Archbishop of
Dublin.

James Heywood, M.P., F.R.S.
Thomas Tooke, F.R.S

R. Monckton Milnes, M.P. ...

W. Greg, Prof. Longfield.

Rev. J. E. Bromby, C. B. Fripp,
James Heywood.

Wi R. Greg, W. Langton, Dr. W. O.
Tayler.

JIV. Cargill, J. Heywood, W.B. Wood.
F. Clarke, R. Rawson, Dr. W. C.

XfiylGi*

C. R. Baird, Prof. Ramsay, R. W.
Rawson.

^

Rev. Dr. Byrth, Rev. R. Luney^ B.
W. Rawson.

^

Rev. R. Luney, G. W. Ormerod, Dr.
W. C. Tayler.

Dr. D. Bullen, Dr. W. Cooke Tayler.
J. Fletcher, J. Heywood, Dr. Lay-

cock.

J. Fletcher, Dr. W. 6ooke Tayler.
J. Fletcher, F. G. P. Neison, Dr. W.

C. Tayler, Rev. T. L. Shapeott.
Rev. W. H. Cox, J. J. Danson, F, G.

P. Neison.
J. Fletcher, Capt. R. Shortrede.
Dr. Finch, Prof. Hancock, F. G. P.
Neison.

Prof. Hancock, J. Fletcher, Dr. J.
Stark.

J. Fletcher, Prof. Hancock.
Prof. Hancock, Prof. Ingram, James
MacAdam, jun.

Edward Cheshire, W. Newmarch.
E. Cheshire, J. T. Danson, Dr. W. H.
Duncan, W. Newmarch.

J. A. Campbell, E. Cheshire, W. New-
march, Prof. R. H. Walsh.

I

SECTION F (continued).—economic science and statistics.

1856. Cheltenham Rt. Hon. Lord Stanley, M.P.

1867. Dublin

1868. Leeds

1859. Aberdeen...

1860. Oxford

1861. Manchester

His Grace the Archbishop of
Dublin, M.R.I.A.

Edward Baines

Col. Sykes, M.P., F.R.S

Nassau W. Senior, M.A

William Newmarch, F.R.S....

Rev. C. H. Bromby, E. Cheshire, |[)r.

W. N. Hancock,W. Newma^h, W.
M. Tartt. «

Prof. Cairns, Dr. H. D. Hutton, W.
Newmarch.

T. B. Baines, Prof. Cairns, S. Brown,
Capt. Fishboume, Dr. J. Strang.

.Prof. Cairns, Edmund Maorory, A. M.
'

* Smith, Dr. John Strang.

Edmund Macrory, W. Newmardl,
Rev. Prof. J. B. T. I^ers.

David Chadwick, Prof. IC 0. Christie,

B. Macrory, Rev. Prof. Ji> B. T.
Rogers.



^>iA:sidents and sbobetaries of the sections. hM
M .I...".

Date and Place

1862. Cambridge
1863. Newcastle .

1864. Bath

1865. Birmingham

1866. Nottingham

1867. Dundee

1868. Norwich....

1869. Exeter

18?0. Liverpool...

1871. Edinburgh

1872.

*Brighton ...

1873. Bradford ...

1874. Belfast

1875. Bristol

1876. Glasgow ...

1877. Plymouth...

1878. Dublin

1879. Sheffield ...

1880. Swansea ...

1881. York

1882. Southamp*
ton.

1883. Southport

1884. Montreal ...

1885. Aberdeen...

1886. Bihningham

1887. Manchester

o

> 1888. Bath

1836. Bristol •• • ee*

1837. Liverpool...

1888i Newcastle

Presidents

Edwin Chadwick, C.B ••••••••
I

William Tite, M.P., P.R.S. ...

William Farr, M.D., D.C.L.,

F.R.S.

Rt. Hon. Lord Stanley, LL.D.,
M.P. o

Prof. J. E. T. Rogers

M. E. Grant Duff, M.P

Samuel Bro^^n, Pres. Instit.

Actuaries.

Rt.Hon. Sir StaffordH. North-
» cote, Bart., Cf.B., M.P.
Prof. W. Stanley Jevons, M.A.

Rt. Hon. Lord Neaves
Prof. Henry Fawcett, M.P. ...

Rt. Hon. W. E. Forster, M.P.

Lord O’Hagan
I

James Heywood, M.A.,F.R.S.,

Pres.S.S.

Sir George Campbell, K.C.S.L,
M.P.

Rt. Hon.^he Earl Fortescue

Prof. J. Ingram, LL.D.,

M.R.I.A.

G. Shaw Lefevre, M.P., Pres.

s s
G. W. Hastings, M.P
Rt. Hon. M. E. Grant-Duff,

M.A., F.R.S.

Rt. Hon. G. Sclater-Booth,

M.P., F.R.S.

R. H. Inglis Palgrave, F.R.S.

Sir Richard Temple, Bart.,

G.C.S.I., C.I.B., F.R.G.S.

Prof. H. Sidgwick, LL.D.,
Litt.D.

J. B. Martin. M.A., F.S.S.
'

Robert Qiffen, LL.D.,V.P.S.S.

Rt. Hon. Lord Bramwell,
LL.D., F.R.S.

Secretaries
' i

H. D. Madeod, Edmund Macrory.

T. Doubleday, Edmund Macrory,
Frederick Purdy, James Potts.

E. Macrory, E. T. Payne, F. Purdy.

G. J. D. Goodman, G. J. Johnston,
E. Macrory.

R. Birkin, jun., Prof. Leone Levi, B.
Macrory.

Prof. Leone Levi, E. Macrory, A. J.

Warden.
Rev. W. C. Davie, Prof. Leone Levi.

E. Macrory, F. Purdy, C. T. D.
Acland.

Chas. R. Dudley Baxter, B. Macrory
J. Miles Moss.

J. G. Fitch, James Meikle.

J. G. Fitch, Barclay Phillips.

J. G. Fitch, Swire Smith.
Prof. Donnell, F. P. Fellows, Haxia

MacMordie.
F. P. Fellows, T. G. P. Hallett, B.

]yrQ»crory•

A. M‘Neel Caird, T. G. P. Hallett, Dr.

W. Neilson Hancock, Dr.W. Jack.

W. F. Collier, P. Hallett, J. T. Pim.

W. J. Hancock, C. Molloy, J. T. Pim.

Prof. Adamson, R. E. Leader, C.

Molloy.

N. A. Humphreys, C. Molloy.

C. Molloy, W. W. Morrell, J. F.

liidoss*

G. Baden-Powell, Prof. H. S. Fox-
well, A. Milnes, C. Molloy.

Rev. W. Cunningham, Prof. H. S.

i Foxwell, J. N. Keynes, C. Molloy.

Prof. H. 8. Foxwell, J. S. McLennan,
Prof. J. Watson.

Rev. W. Cunningham, Prof. H. S.

Foxwell, C. McComhie, J. F. Moss.

F. F. Barham, Rev. W. Cunningham,
Prof. H. S. Foxwell, J. F. Moss.

Rev. W. Cunningham, F. Y. Edge-
worth, T. H. Elliott, C. Hughes,

Prof. J. E. C. Munro, G. H. Sar-

gant.

Prof. F. Y. Edgeworth, T.H. Elliott,

Prof. H. S. Foxwell, L. L. F. R.

Price.

MECHANICAL SCIENCE.

SEOTIof^ Q.—IfECHANICAL SCIENCE.

Davies Gilbert, D.C.L., F.R.S.

Rev. Dr. Robinson
phiKrles Babbage, F.B.S

T. G. Bunt, G. T. Clark, W. West.

Charles Yignoles, Thomas Webster.

R. Hawthorn, C. Vignoles, T.

Webster.



1839. Binmngham Prof. Willis, F.B.S., and Bobt. W. Garpmael, William Hawkes, T*
Stephenson. Webster.

1840. Glasgow .... Sir John Bobinson J. Scott Bussell, J. Thomson, J. Tod,
C. Vignoles.

^
1841. Plymouth John Taylor, P.B.S Henry Chatfield, l^«mas Webster.
1842. Manchester Bev. Prof. Willis, F.B.S J. F. Bateman, J. Scott Bussell, J«

• Thomson, Charles Vignoles.
1843. Cork Prof. J. Macneill, M.B.I.A. ... James Thomson, Bobert Mallet. *

1844. York John Taylor„F.E.S Charles Vignoles, Thomas Webster.

1846.

Cambridge George Bennie, F.B.S Bev. W. T. Kingsley.
1846. Southamp- Bev. Prof. Willis, M.A., F.B.S. William Betts, jun., Charles Manby.

ton.

1847. Oxford Bev. Prof.Walker, M.A.,F.B.S. X Glynn, B. A. Le Mesurier.
1848. Swansea ... Bev. Prof.Walker, M.A.,F.B.S. B. A. Le Mesurier, W. P. Struv&
1849. Birmingham Bobt. Stephenson, M.P., F.B.S. Charles Manby, JV. P. Marshall.
1860. Edinburgh Bov. B. Bobinson Dr. Lees, David Stephenson. •

1861. Ipswich William Cubitt, F.B.S John Head, Charles lilanby.

1862. Belfast John Walker, C.E., LL.D., John F. Bateman, C. B, Hancock,
F.B.S. Charles Manby, James Thojnson.

1863. Hull William Fairbairn, C.E., James Oldham, J. Thomson, W.
,
F.B.S. Sykes Ward. •

1854. Liverpool... John Scott Bussell, F.B.S. ... John Grantham, J. Oldham, J.

Thomson.

1866.

Glasgow ... W. J. Macquom Bankine, L. Hill, jun., William Bamsay, J.
C.E., F.B.S. Thomson.

1866. Cheltenham George Bennie, F.B.S C. Atherton, B. Joneg, jun,, H. M.
Jeffery.

1867. Dublin Bt. Hon. the Earl of Bosse, Prof. Dbwning, W.T. Doyne, A. Tate,
F.B.S. James Thomson, Henry Wright.

1868. Leeds William Fairbairn, F.B.S. ... J. C. Dennis, J. Dixon, B. Wright.
1869. Aberdeen... Bev. Prof. Willis, M.A.,F.B.S. B. Abemethy, P, Le Neve Foster, H.

Wright.
1860. Oxford ...... Prof.W.J.Macquom Bankine, P. Le Neve Foster, Bev. F. Harrison,

LL.D., F.B.S. Henry Wright.
1861. Manchester J. F. Bateman, C.E., F.B.S.... P. Le Neve Foster, John Bobinson,

H. Wright.
1862. Cambridge Wm. Fairbairn, LL.D., F.B.S. W. M. Fawcett, P. Le Neve Foster.
1863. Newcastle Bev. Prof. Willis, M.A., F.B.S. P. Le Neve Foster, P. Westmacott,

J. F. Spencer.
1864. Bath J. Hawkshaw, F.B.S P. Le Neve Foster, Bobert Pitt.
1866. Birmingham Sir W. G. Armstrong, LL.D., P. Le Neve Foster, Henry Lea, W.

F.B.S. p. Marshall, Walter May,
1866. Nottingham Thomas Hawksley, V.P.Inst. P. Le Neve Foster, J. F. Iselin, M.

C.E., F.G.S. O. Tarbotton.
1867. Dundee Prof.W.J. MacquomBankine, P. Le Neve Foster, John P. Smith,

LL.D., F.B.S. W. W. Urquhart.
1868. Norwich ... G. P. Bidder, C.E., F.B.G.S. P. Le Neve Foster, J. F. Iselin, 0.

« Manby, W. Smith.
1869. Exeter C. W. Siemens, F.B.S P, Le Neve Foster, H, Bauerm&u •
1870. Liverpool... Chas.B. Vignoles, C.E.,F.B.S. H. Bauerman, P. LeNeve Foster, T.

-
King, J. N. Shoolbred.

1871. Edinburgh Prof.FleemingJenkin,F.K.8. H. Bauerman, Alexander Leslie, J.
P. Smith.

1872. Brighton ... F. J. Bramwell, C.E H. M. Brunei, P. Le Neve Foster,

J nr TT n 1
*J. G. Gamble, J. N. Shoolbred.

1873. Bradford ... W. H. Barlow, F.B.S. ......... Crawford Barlow, H. Bauerman,
E. H. Carbutt, J. 0. Hawkshaw.

n « J. N. Shoolbred.
1874. Belfast Prof. James Thomson, LL.D., A. T. Atchisdn, J. N.Shoolbred^ohn

O.B., F.B.8.B. Smyth, jun.



>BGS1D£NT9 AI9B SECBETABIES OF THE SECTIONS

^
Date«and Place Presidents

-- •.

Secretaries
•

1875. Bristol W. Froude, C.E., M.A., P.B.S. W. B. Browne, H. M. Brunei, J. G.
Gamble, J. N. Shoolbred.

1876. Glasgow ...

1^77. Plymoutb.t.

0. W. Merrifiel^d, F.E.S W. Bottomley, jun., W. J. Millar,
J. N. Shoolbred, J. P. Smith.

Edward Woods, C.E A. T. Atchison, Dr. Merriheld, J. N.
Shoolbred.

1878. Dublin Edward Easton, CJS A. T. Atchison, B. G. Symes, H. T.
Wood.

1879. Sheffield ... J. Bobinson, Pres. Inst. Mech.
Eng.

A. X* Atchison, Emerson Bainbridge,
H. T. Wood.

1880. Swansea ... James Abernethy, V.P.Inst.
O.E., F.B.S.E.

A. T. Atchison, H. T. Wood.

1881. Tork Sir W. G. Armstrong, C.B.,

LL.D., D.C.Ii., F.B.S.
A. T. Atchison, J. F. Stephenson,
H. T. Wood.

1882. Southamp*
® ton.

John Fowler, CWE., F.G.S. ...
It

A. T. Atchison, F. Churton, H, T.
Wood.

1883. Southport James Brunlees, F.B.S.E.,

Pres.Inst.C.E.

A. T. Atchison, E. Bigg, H. T. Wood.

1884..Montreal ... Sir F. J. Bramwell, F.B.S., A. T. Atchison, W. B. Dawson, J,
• V.P.Inst.C.E. Kennedy, H. T. Wood.

1886. Aberdeen...
i >

B. Baker, M.Inst.O.E A. T. Atchison, F. G. Ogilvie, E.
Bigg, J. N. Shoolbred.

1886. Birmingham Sir J. N. Douglass, M.Inst.

C.E.
C. W. Cooke, J. Kenward, W. B.

Marshall, E. Bigg.

1887. Manchester Prof. Osborne Beynolds, M.A.,
LL.D., F.B.S.

C. F. Budenberg, W. B. Marshall,

E. Bigg.

1888. Bath...*. W. H. Preece, F.B.S.,

M.Inst.</.E.

C. W. Cooke, W. B. Marshall, B.
Bigg, P. K. Stothert.

ANTHROPOLOGICAL SCIENCE.
8ECTI^N H.—AMTHEOPOLOGT.

1884. Montreal...
1886. Aberdeen...

1886. Birmingham

1887. Manchester

1888. Bath

E. B. Tylor, D.C.L., F.B.S. ...

Francis Galton, M.A., F.B.S.

Sir G. Campbell, K.C.S.I.,

M.P., D.C.L., F.B.G.S.

ProL ^1. K. Sayce, !A1.A.. ......

Lieut.-General Pitt-Bivers,
D.C.L., F.K.S.

LIST OF EVENING

G. W. Bloxam, W. Hurst.

G. W. Bloxam, Dr. J. G. Garson, W.
Hurst, Dr. A. Macgregor.

G. W. Bloxam, Dr. J. G. Garson, W,
Hurst, Dr. B. Saundby

G. W. Bloxam, Dr. J. G. Garson, Dr,
A. M. Paterson.

G. W. Bloxam, Dr. J. G. Garson, J.

Harris Stone.

LECTUBES.

> Date and Place Lecturer Subject of Discourse

1842. Manchester

l'^43. Cork

Charles Yigholes, F.B.S

Sir M« T. "Rninel

The Principles and Construction of
Atmospheric Bailways.

The Thames Tunnel.
The Geology of Bussia.

The Dinomis of New Zealand.

The Distribution of Animal Life in
the .ffilgean Sea.

The Earl of Bosse’s Telescope.

Geology of North America.
The GiganticTortoise of the Siwalik

Hills in India.

R T. Murchison..

Prof* Owon^ F*R.S.**#«**

Prof E Forhft8«*F.RfS--*•

1844. York

Tlr. Rohinsoti

CliArlBS F«R«S« ••*••••••

X)r* Fftlconori ••••••



KBPORT—1888.Iz

'y*

ate and Place

1845. Caonbridge

1846. Sonthamp*
ton.

1847. Oxford

1848. Swansea ...

1849. Birmingham

1850. Edinburgh

1851. Ipswich ...

1852. Belfast

1853. Hull

1.854. Liverpool...

1855. Glasgow ...

1856. Cheltenham

1857. Dublin

1858. Leeds

1859. Aberdeen...

1860. Oxford

1861. Manchester

1862. Cambridge

i A

Lecturer Subject of Discourse

G.B.Airy,P.R.S.,Astron.Royal
R. I. Murchison, F.R.S
Prof. Owen, M.D., F.R.S. ...

Charles Lyell, F.R.S
W. R. Grove, F.R.S

Progress of Terrestrial Magnetism.
Geology of Russia.
Fossil Mammaliaof the British Isles.

Valley and Delta o| the Mississippi.
Propertiesof the Explosivesubstance

discovered by Dr. Scbonbein; also

some Researches of his own on
the Decomposition of Water by
Heat.

Rev. Prof. B. Powell, F.R.S. Shooting Stars.

Prof. M. Faraday, F.R.S Magnetic and Diamagnetic Pheno-

Hugh E. Strickland, F.G.S....

John Percy, M.D., F.R.S

W. Carpenter, M.D., F.R.S....

Dr. Faraday, F.R.S
Rev. Prof. Willis, M.A., F.R.S.

Prof. J. H. Bennett, M.D.,
F.R.S.E.

Dr. Mantell, F.R.S.
Prof. R. Owen, M.D., F.R.S.

G.B.Airy,F.R.S.,Astron. Royal
Prof. G. G. Stokes, D.C.L.,

F.R.S.

Colonel Portlock, R.E., F.R.S.

Prof. J. Phillips, LL.D., F.R.S.,
F.G.S.

Robert Hunt, F.R.S
Prof. R. Owen, M.D., F.R.S.
Col. E. Sabine, V.P.R.S

Dr. W. B. Carpenter, F.R.S.
Lieut.-Col. H. Rawlinson ...

Col. Sir H. Rawlinson

W. R. Grove, F.R.S
Prof. W. Thomson, F.R.S. ...

Rev. Dr. Livingstone, D.C.L.
Prof. J. Phillips,LL.D.,F.R.S.
Prof. R. Owen, M.D., F.R.S.
Sir R. I. Murchison, D.C.L...

.

Rev. Dr. Robinson, F.R.S. ...

Rev. Prof. Walker, F.R.S. ...

Captain Sherard Osborn, R.H.
Prof.W. A. Miller, M.A., F.R.S.
G.B.Airy,F.H.S.,Astron.Royal
Prof. Tyndall, LL.D., F.B.S.
Prof. Odling, P.R.S

mena.
Till Dodo (Didu» imptm').
Metallurgical Operationsof Swansea
• and its neighl^urhood.
Recent Microscopical Discover!^.
Mr. Gassiot’s Battery.

Transit of different Weights with
varying velocities on Railways.

Passage of the Blood through the
minute vessels of Animals in con-
nexion with Nutrition.

Extinct Birds of New Zealand.
Distinction between Plants and Ani-

mals, and their changes of Form. .

Total Solar Eclipse of^uly 28, 1851.
Recent discoveries in the properties

of Ltght.

Recent discovery of Rock-salt at
Carrickfergus^ and geological and
practical considerationsconnected
with it.

Some peculiar Phenomena in the
Geology and Physical Geography
of Yorkshire.

The present state of Photography.
Anthropomorphous Apes.
Progress of researches in Terrestrial

Magnetism.
Characters of Species.
Assyrian and Babylonian Antiqtiities
and Ethnology.

Recent Discoveries in Assyria and
Babylonia, with the results of
Cuneiform research up to the
present time.

Correlation of Physical Forces.
The Atlantic Telegraph. ,
Recent Discoveries in Africa.
The Ironstones of Yorkshire.
The Fossil Mammalia of Australia.
Geolo^of the Northern Highlands.
Electrical Discharges in higl)}y

rarefied Media.
Physical Constitution of the Son.
Arctic Discovery.
Spectrum Analysis.
The late Eclipse of the Shn.
The Forms &nd Action of Waiter.
Organic Chemistry.



^IST OF eYENlNG LECTUBES M

DateTand Place Lecturer Subject^of Discourse

- — m

1863* Newcastle Prof. Williamson, F.B.S The Chemistry of the Galvanic Bat-
tery considered in relation to
Dynamics.

James Glaisher, The Balloon Ascents made for the
British Association.

1864. Barn Prof. Boscoe, F.B.S The Chemical Action of Light.
Dr. Livingstone, il&Ii.S Becent Travels in Africa.

1865. Birmingham J. Beete Jukes, F.B.S Probabilities as to the position and
extent of the Coal-measures be-
neath the red rocks of the Mid-
land Counties.

1866. Nottingham William Huggins, F.R.S. ... The results of Spectrum Analysis
* * applied to Heavenly Bodies.

Dr. J. D. Hooker, F.B.S Insular Floras.

1867. Dundee ,,Archibald GciMe, F.B.S.. The Geological Origin of the present
Scenery of Scotland.

Alexander Herschel, F.B.A.S. The present state of knowledge re-
garding Meteors and Meteorites.

1868.

j!Torwich ... J. Fergusson, F.B.S Archseology of the early Buddhist
* Monuments.

Dr. W. Odling, F.B.S Reverse Chemical Actions.

isea. Jiixeter Prof. J. Phillips, LL.D.,F.B.S. Vesuvius.

J. Norman Lockyer, F.B.S.... The Physical Constitution of the
Stars and Nebulae.

1870. Liverpool... Prof. J. Tyndall, LL.D., F.B.S. Scientific Use of the Imagination.
’

Prof.W. J. MacquornBankine, Stream-lines and Waves, in conneo
LL.D., F.B.S, tion with Naval Architecture.

1871. Edinburgh F. A. AbH, F.B.S Some recent investigations and ap-
plications of Explosive Agents,

• B. B. Tylor, F.B.S The Relq,tion of Primitive to Modem
Civilization.

1872. Brighton ... Prof. P. Martin Duncan, M.B., Insect Metamorphosis.
F.B.S.

Prof. W. K. Clifford.... The Aims and Instruments of Scien-
tific Thought.

1873. Bradford ... Prof. W. C.Williamson, F.B.S. Coal and Coal Plants.

Prof. Clerk Maxwell, F.B.S. Molecules.

1874. Belfast Sir John Lubbock,Bart.,M.P., Common Wild Flowers considered

F.B.S. in relation to Insects.

- Prof. Huxley, F.B.S The Hypothesis that Animals are
Automata, and its History.

1876.

Bristol W.Spottiswoode,LL.D.,F.R.S. The Colours of Polarized Light.

F. J. Bramwell, F.B.S Railway Safety Appliances.

1876. Glasgow ... Prof. Tait, F.B.S.E Force.

Sir Wyville Thomson, F.B.S. The Expedition.

1877. Plymouth... W. Warington Smyth, M.A., The Physical Phenomena connected

F,B.S. with the Mines of Cornwall and
Devon.

Prof. Odling, F.B.S The new Element, Gallium.

1878. Dublin ..... G. J. Romanes, F.L.S Animal Intelligence.

Prof. Dewar, F.B.S Dissociation, or Modem Ideas of
Chemical Action.

1879. Sheffield ... W. Crookes, F.B.S Radiant Matter.
^ Prof. B. RayLankester, F.B.S. Degeneration.

1880. Swansea ... Prof.W.BoyddAwkins, F.B.S. Primeval Man.
Francis Galton, FJR.S Mental Imagery.

1881. York Prctf. Huxley, Sec. R.S The Rise and Progress of Paheon-
tology.

W. Soottiswoode, Pres. R.S. The Electric Discharge, its Forma
.

‘ and its Functions.
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Date and Place Lecturer
r

Subject ofDiscourse*

1882. Southamp- Prof. SirWm. Thomson, P.R.S. Tides.

ton. Prof. H. N. Moseley, F.R.S. Pelagic Life.

1883. Southport Prof. R. S. Ball, F.R.S

Prof. J. G. McKendrick,
F.R.S.E.

Recent Researches on the Distance

of the Sun.

Galvani and AnimA |)lectricity.

1884. Montreal... Prof. 0. J. Lodge, D.Sc
Rev. W. H. Dailinger, F.R.S?

•
•

Dust.

The Modern Microscope in Re-
searches on the Least and Lowest
Forms of Life.

1885. Aberdeen... Prof. W. G. Adams, F.R.S. ...

John Murra}-^, F.R.S.E

The Electric Light and Atmospheric
Absorption.

Tha Great Ocean Basins.

1886. Birmingham A. W. Rucker, M.A., F.R.S.

Prof. W. Rutherford, M.D. ...

Soap Bubbles.

The Sense of Hearing.
1887. Manchester Prof. H. B. Dixon, F.R.S. ...

Col. Sir F. de Winton,
K.C.M.G.

'Jme Rate of Explosions in Gases#
Explorations in Central Africa.

1888. Bath Prof. W. E. Ayrton, F.R.S. ...

Prof. T. G. Bonney, D.Sc.,

F.R.S.

The Electrical Transmissicm of

Power
The Foundation Stones of the Earth’s

Crust.
*

LECTURES TO THE OPERATIVE CLASSICS.

1867. Dundee
1868. Norwich ...

1869. Exeter

1870. Liverpool .M

1872. Brighton ...

1873. Bradford ...

1874i. Belfast

1876. Bristol

1876. Glasgow ...

1877. Plymouth...

1879. Sheffield ...

1880. Swansea ...

1881. York

1882. Southamp-
tc<n.

1883. Southport

1884. Montreal ...

1885. Aberdeen ...

1886. Birmingham

1887. Manchester
1889. Bath

Prof. J. Tyndall, LL.D.,F.R.S.
Prof. Huxley, LL.D., F.R.S.

Prof. Miller, M.D., F.R.S. ...

Sir John Lubbock, Bart.,M.P.,

F.R.S.

W.Spottiswoode,LL.D.,F.R.S.
C. W. Siemens, D.C.L., P.R.S.
Prof. Odling, F.R.S
Dr. W. B. Carpenter, F.R.S.

Commander Cameron, C.B.,

B.N.

W. H. Preece

W. E. A3Trton

H. Seebohm, F.Z.S
Prof. Osborne Reynolds,

F.R.S.

John Evans, D.C.L. Treas. R.S.

Sir F. J. Bramwell, F.R.S. ...

Prof. R. S. Ball, F.B.S
H. B. Dixon, M.A
Prof. W. C. Roberts*Austen,

F.R.8.

Prof. G. Forbes, F.R.S
SirJohn Lubbock, Bart., M.P.,

F.B.S.

Matter«and Force.

A Piece of Chalk.

Experimental illustrations of the
modes of detecting the Composi-
tionof the Sun andother Heavenly
Bodies by the Spectrum.

Savages.

Sunshine, Sea, and Sky.
Fuel.

The Discovery of Oxygen.
A Piece of Limestone.
A Journey through Africa.

Telegraphy and the Telephone.
Electricity as a Motive Power.
The North-East Passage.

Raindrops, Hailstones, and Snow-
flakes.

Unwritten History, and how to
read it.

^

Talking by Electricity—TelephoW.

,

Comets.
The Nature of Explosions.

The Colours of Metals and their

Alloys.

Electric Lighting.

The Customs of Savage Races.
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OPPIOBES OF SECTIONAL COMMITTEES PRESENT AT THE
BATH* MEETINO.

SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCE.

President.—Professor Q*. F. Fitzgerald, M.A., P.R.S.

Vice-Presidents.— W. de W. Abney, C.B., F.R.S.
;
William Esson,

F.R.S.
;

Janssen, Fdr.Memb.R.S.
; Lord Rayleigh, Seo.RS.

;

Professor Sir W. Thomson, F.R.S., F.R.A.S.
; Professor Stokes,

Pres.R.S.
;
Professor H. A. Rowland

;
Rev. R. Harley, F.R.S.

S^creftiries.—Robert E. Baynes, M.A. (Recorder')
;
R. T. Glazebrook,

F.R.S.
;
Alfred Lodge, M.A.

;
W. N. Shaw, M.A.

SECTION B.—CHEMICAL SCIENCE.

Prmden#.—Professor W. A. Tilden, D.Sc., F.R.S., V.P.O.S.

Vice-Presidents.—ProfessdV H. E. Armstrong, F.R.S.
;
Dr. J. H. Glad-

stone, F.R.S.; Professor T. Sterry Hunt, F.R.S.; Professor W.
Odling, F.R.S.

;
Dr. W. H. Perkin, F.R.S.

; Professor J. Emerson
Reynolds, F.R.S.

;
Sir H. E. Roscoe, F.R.S.

;
Dr. W. J. Russell,

P.R.S. ;
Professor A. W. Williamson, F.R.S.

Secretaries.—Professor H. B. Dixon, F.R.S.
;
H. Forster Morley, D.Sc.

(Recorder)
;
R. E. Moyle, B.A.

;
Dr. W. W. J. Hicol, M.A.

SECTION C.—GEOLOGY.

President.—^Professor W. Boyd Dawkins, M.A., P.R.S., F.G.S.

Vice-Presidents.—W. Whitaker, F.R.S.
;
Rev. H. H. Winwood, M.A.

;

Professor A. Gaudry ;
Professor O. 0. Marsh

;
Professor S. Nikitin

;

Dr. Max von Hantken
;
Professor G. Stefanescu

; Professor Baron
F. von Richthofen ;

Professor J. Szabd.

Secretaries.—Professor G. A. Lebour, M.A. ; W. Topley, P.R.S. (Recorder) ;

W. W. Watts, M.A. ;
H. B. Woodward, F.G.S.

SECTION D.—BIOLOGY.

PresidenL-^W. T. Thiselton-Dyer, O.M.G., M.A., B.Sc., P.R.S., F.L.S.

Vice-Presidents.—^Professor Bayley Balfour, F.R.S. ; Professor M. Foster,

Seo.R.S.
;

Professor Newton, F.R.S. ; Professor B. A. Schafer,

F.R.S. ;
P. L. SSlater, F.R.S. ; Rev. Leonard Blomefield, M.A.
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Semtanes.— E. Beddard, M,A.
;

S. P. Halmer, M.A./ Profoflsor H.

Marshall Ward, P.R.S. {Becorder) ;
Walter Q-ardinfr, M.A..; Pro-

fessor W. Dl Halliburton, M.D.

SECTION B.—GEOaEAPHT.

Colonel Sir C. W. Wilson, R.E., K.O.B., K.C.M.G.,

P.B.S., P.R.G.S.

Vice-Presidents.—E. Delmar Morgan, E.R.G.S. ;
H. W. Bates, P.R.S.

;

Sir Lambert Playfair, K.C.M.G.
;

Lient.-Gen. Richard Strach&y,

R.E., F.R S.
;
General* J..T. Walker, C.B., R.B., P.R.S.

Secretaries.—J. S. Keltic; H. J. Mackinder, M.A.; E. G. Ravenstein

(Becorder)»» f

SECTION P.—ECONOMIC SCIENCi) AND STATISTICS.

President .—The Right Hon. Lord Bramwell, LL.D,, P.R.S., P.S.S.

Vice-Presidents. — S. Bonme, P.S.S. ; G. W. Hastings, M.P.; R. H.
Inglis Palgrave, P.R.S.

;
Professor H. Sidgwick, Litt.D.

"

Secretaries,—^Professor P. Y. Edgeworth, M.A., P.S.S.
;

T. H. Elliott,

P.S.S. {Becorder)] Professor H. S. Poxwell, M.A., P.S.S.; L. L.

P. R. Price, M.A., P.S.S.

SECTION G.—MECHANICAL SCJENCE,

President.—W, H. Preece, P.R.S., M.Inst.C.E.

Vice-Presidents.—W. Anderson, M.InsiO.E.
;
BenjaminBaker,M.InstO.E.

;

Sir J. N. Douglass, P.R.S., M.Inst.O.E.
;
William Pole, Mus.Doc.,

P.R.S., M.Inst.C.E.
;
W. Sholford, M.Inst.O.E.

;
J. L. Stothert,

M.Inst.C.E.

Secretaries .—Conrad W. Cooke; W. Bayley Marshall, M.Inst.C.E.; E.

Rigg, M.A. (Becorder)
;
P. K. Stothert.

j

SECTION H.-—ANTHROPOLOGY.

President.—JAevit.-Qenem] Pitt-Rivers, D.C.L., P.R.S., P.G.S., P.S.A.

Vice-Presidents.—J. Beddoe, M.D., P.R.S.; J. Evans, D.C.L., LL.D.,

P.R.S.
;
Professor A. H. Sayce, M.A.

; Edward B. Tylor, D.C.L.,

P.R.S.

Secretaries.-^Q, W. Bloxam, M,A. {Becorder)\ J. G, Garson, fi.D.s

J. Harris Stone, M.A.
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(, PRESIDENT.
SIL FBEDERICK J. BRAMWBLL, Babt., D.C.L., F.R.S., M.IS8T.C.E.

VICE-PRESIDENTS.
The Right Hon. tho Earl of C()bk ako Orrery,

K.P., Lord Lieutenant of Soifi6rset.

The Most Noble the Marquis of Bath.
The Right Hon. and Right Rev. the Lord Bishop

OF Bath and Wells, D.D.
The Right Rev. the Bishop op Clifton.
The Worshipful the Mayor of Bath.
Tne Worshipful the IdAYOB of Bristol,
Sir P. A. Abel, C.R., D.C.L.. P.R,S., V.P.C.3.
The Venerable the Archdeacon of Bath.

Tho Rev. Leonard Blomevihld, M.A..
P.G.S.

’

Professor Michael Poster, M.A., M.D., LL.D..
Sec.B.S., P.L.S.. P.C.S.

'

W. S. Gork-Lanoto.v, Esq., J.P., D.L.
H. D. Skrine, Esq., J.P.. D.L.
Colonel U. P. Laurie, C.B., M.P.
E. II. Wodkhousb, Esq,, M.P.
Jerom Murch, Esq., J.P., D.L.

PRES.OENT ELECT.
PROFESSOR WILLIAM HENRY FLOWER, C.B., LL.D., P.R.S., F.R.C.S., Pbk8.Z.S., F.L.S., F.G.S.,

Director of the Natural History Department of the British Museum.
VICE-PRESIDENTS ELECT.

His Grace the Duke of Northumberland, K.G.,
D.C.L., LL.D., Lord-Lieutenant of Northum-
berland.

^ ^
The Right Hon. the Earl op Durham, Lord

Lieutenant of Durham.
The Right Hon. the Earl of RAVBK.swoR'pii.
Thc^ight Rev. the Loid Bishop of Newcastle,

^.D.
The Right Hon. Lord Armstrong, C.B., D.C.L.,

LL.D., F.R.S.

The Very Rev. the Warden of tho University of
Durham, D.D.

Tho Worshipful the Mayor op Newcastle.
The Worshipful the Mayor of Gateshead.
Sir T. Lowtiiia.v Bell, Bart., P.R.S., P.O.S..

M.Inst.C.E.
Sir Charles Mark Palmer, Bart., M.P. (nomi-

nntnl by the Council).
The Right Hon. John Morley, LL.D., M.P.

LOCAL SECRETARIES FOR THE MEETING AT NEWCASTLE-UPON-TYNE.
Pr^fe8S<hr P. P. Beds'on, D.Sc., F.O.S.

1
Professor J. H. Merivale, M.A.

(
Howard Pease, Esq.

l.OCAL TREASURER FOR THE MEETING AT NEWCASTLE-UPON-TYNE.
Thomas Hodgkin, Esq.

ORDINARY MEMBERS OF THE COUNCIL.
Abnb/, Capt. W. de W., C.B., F.R.S.
Ball, Sir R. S., P.R.S.
Barlow, W H., Esq., F.R.S.
Blanford, W. T., Esq., F.R.S,
Crookes, W., Esq., F.R.S.
Darwin, Professor G, H., F.R.S.
Douglass, Sir J. N., P.R.S.
Gamobb, Dr. A., F.R.S.
Geikie, Dr. A., F.R.S.
Oodwin-Austen, Lieut.-Col. H. II., F.R.S.
Hbnrigi, Professor O., F.R.S.
Judd, Professor J. W., F.H.S.
Livbing, Professor G. D., F.ILS.

M'Leod, Professor H., F.R.S,
Martin, J. B., Esq., F.S.S.
Ommannky, Admiral Sir E., C.B,, F.R.S.
PherCB, W. H., Esq., F.R.S.
Roberts-Austen, Professor W. C., F.R.S.
RUckbr, Professor A., F.R.S.
Schafer, Professor E. A., F.R.S.
Schuster, Professor A., P.R.S.
SiDGWiCK, Professor H., M.A.
Thiselto.v-Dyer, W. T., Esq., C.M.G.,

F.R.H.
Thorpe, Professor T. E.. F.R.S,
Woodwakd, Dr. H., F.R.S.

GENERAL SECRETARIES.
Capt. Sir Douglas Galton, KO.B., D.C.L., LL.D., F.R.S., F.G.S., 12 Chester Street, London, S.W,

A. G. Vernon Harcourt, Esq., M.A., LL.D., F.ILS., F.C.S., Cowley Grange, Oxford.

SECRETARY.
Arthur T. Atchison, Esq., M.A., 22 Albemarle Street, London, W,

GENERAL TREASURER.
Professor A. W, Williamson, Ph.D., LL.D., F.R.S., F.C.S., 17 Buckingham Street, London, W.C,

EX-OFFICIO MEMBERS OF THE COUNCIL.
The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and
Vice-Presidents Elect, the (^neral and Assistant General Secretaries for the present and former years,

the Secretary, the General Treasurers for tho present and former years, and tho Local Treasurer and
Secretaries for the ensuing Meeting.

TRUSTEES (PERMANENT).
, Sir John Lubbock, Bart., M.P., D.C.L., LL.D., P.R.S., Pres. L.S.

The Right Hon. Lord Rayleigh, M.A., D.C.L., LL.D., Sec.R.S., F.R.A.S.

The Right Hon. Sir Lyon Playfair, K.C.B., M.P., Ph.D., LL.D., F.R.S.

PRESIDENTS OP FORMER YEARS.
The Dulm of Devonshire, K.G.
Sfr G. B. Airy, K.C.B., P.R.S.
The Duke of Argyll, K.G., E.T.
Sir Richard Owen, K.G.B., F.B.S.
Lord Armstrong, O.B., LL.D.
Sir William R. Grove, F.R.S.
Sir Jfseph D. Hooker, K.O.S.I.

Prof. Stokes, D.C.L., Pres. R.S.
Prof. Huxley, LL.D., F.R.S.
Prof. Sir Wm. Thomson, LL.D.
Prof. Williamson, Ph.D., F.R.S.
Prof. Tyndall, D.O.L., P.R.S.
Sir John Hawkshaw, F.R.S.
Prof. Allman, M.D., F.R.S.

Sir A. C. Ramsay, LL.D., F.R.S.
Sir John Lubbock, Bart.,F.B.S.
Prof. Cayley, LL.D., F.R.S.
Lord Rayleigh, D.O.L.. 660.B.S.
Sir Lyon Playfair, K.C.B.
Sir Wm. Dawson, C.M.G., F.R.S.
Sir H. E. Koscoe, F.R.S.

F. CNdton, Bsq., F.R.S.
Dr. T. A. Hirst, F.B.S.

GENERAL OFFICERS OF FORMER YEARS.

I
Dr. Michael Foster, Seo.R.S. j Sclater, Esq., Ph.D., F.R.S.

I
George Griffith, Esq., M.A., F.C.S. j Prof. Bonney, D.So., F.R.S.

AUDITORS.
Dr*W.H. Perkin, F.B.S.*

|
Dr. John Evans, F.R.S.

1888.
1

Dr. J. H. Gladstone, F.B.9.

d
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THE BRITISH ASSOCIATION FOE

X)r. THE GENERAL TREASURER’S ACCOUNT
\

1887-88. RECEIPTS.

Balance of account rendered at Manchester Meeting 1718 10 1
By Life Compositions * 940 o« 0
„ New Annual Members 502 0 0
„ Annual Subscriptions .f 730 0 0
„ Associate Tickets at Manchester Meeting 1985 0 0
„ Ladies’ Tickets at Manchester Meeting 493 ,0 0
„ Sale of Publications t.f. 190 5 5
„ Interest on Exchequer Bills !!..!!!..!! 68 4 8
„ Dividends on Consols 295 8 2
„ Rent received from London Mathematical Society, yea! ending •

September 29, 1887 12 16 0
„ Unexpended balance of grant made to ‘ Sliding

*

Scale
*’

Committee 7 10 10
„ Sale of Exchequer Bills 150^ 2 4

/
”

/

Investment Account : Se:ptemler, 1887, to September, 1888.
& ». d.

Consols . . . 8600 0 0
Exchequer Bills . 2000 0 0
Cosh . . . 1718 10 1
Excess of receipts
over expenditure 534 0 6

Per contra • . . 86 19 10

12,839 10 6

£ s. d.
Profit on change

:

9 2 4
V7.17 6

To Contra.' . *86 19 10

£ s. d>
New Consols . . 8600 (0 0
Exchequer Bills '. 600 0 0
India 8 per cent. . 3600 0 0
Cash . . . 289 10 5

O



BALANCE SHEET, 1887-88 bcvii

THE ADVANCEjpNT OP SCIENCE.

(not includinff receipts at the Bath Meeting). Or.

'1887-88. PAYMENTS.
£ s. d.

To Expenses of Manchester Meeting, including Printing, Ad-
vertising, and incidental expenses 314 18 2

„ Salaries, one year (1887-88) ^ 638 16 0

„ Kent of Office at Albemarle Street (1887-88) 117 0 0
„ Spottiswoode & Co. printing account to July, 1887 1028 3 6

„ „ „ to February, 1888 1170 6 6

„ Purchase of India 3 •per Cent. Stock 3622 2 6

<• A s. a.

Flora ot Bahamas 100 0 0
Biological .Station at Grantou 60 0 0
Flora of China 75 0 0
Carboniferous P’lora of Lancashire and West Yorkshire .... 2.5 0 0
Properties of Solutions 26 0 6
Isomeric Naphthalene Derivatives 25 0 0
Inliueucc of Silicon on Steel 20 0 0
Action of Light on Hj'draeids 20 0 0
Marine Laboratory, I'l-yrnoiith 100 0 0
Naples Zoological Station 100 0 0

Development of Teleostei 1.5 0 0
Precious Metals in Circulation 20 0 0
Value of Monetary Standard 10 0 0
Volcanic 1‘lienoniena of Vesuvius • 20 0 0
Prehistoric Hace in Greek Islands 20 0 0
Palaiontologicfil Pocicty 60 0 0

Zoology and Botany of West Indies 100 0 0
Development of Fishes—St. Andrews 60 0 0
Pliocene Fauna of St. Erth 60 0 0

Lymphatic System 25 0 0
Ben Nevis Observatory 160 0 0
North-Western Tribes of Canada 100 0 0
Silent Discharge of Electricity 9 11 10

Manure Gravels of Wexfonl 10 0 0

Sea Beach near Bridlington 20 0 0
Effects of Occupations on Physical Development 25 0 0
Magnetic Observations 15 0 0
Methods of Teaching Chemistry 10 0 0
Uniform Nomenclature in Mechanics 10 0 0

Geological llecord .... 60 0 0
Migration of Birds 50 0 0
Depths of Frozen Soil in Polar Regions 6 0 0
Circulation ofUnderground Waters 6 0 0
Standards of Light 79 2 3

Electrical Standard.s 2 6 4
Peradeniya'Botanical Station 50 0 0
Erosion of Sea Coasts 10 0 0
Electrolysis 30 0 0

1611 0 6

By Balance at. Bank of England, Western Branch 239 10 6

£8441 16 6

Alex. W. Williamson, General Treasurci'. —

John Evans.
J. H. Gladstone.
W. H*. Perkin. }

Auditors.
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TahU showing the Attendarice and Receipts

Date of Meeting

c

Whore held Presideatf

/

fj

Old life
Members

New life
Members

1831, Sept. 27 ... York Tho Earl Fitzwilliam, D.C.L.

1832, June 19 ... Oxford The Rev. W. Buckland, F.R.S. #•*

1833, June 25 ... Cambridgo The Rev. A. Sedgwick, F.R.5. i k • • •

1834, Sept. 8 ... Edinburgh Sir T. M. Brisbane, D.C.L • • s

1835, Aug. 10 ... Dublin The Rqy. Provost Lloyd, LL.D
1836, Aug. 22 ... Bristol The Marquis of Lansdowne ..

t

1837; Sept. 11 ... Liverpool The Earl of Burlington, F.R.S 0 • • • • ••

1838, Aug. 10 ... Newcastle-on-Tyhe The Duke of Northumberland • • •

1839, Aug. 26 ... Birmingham The Rev. W. Vernon Harcourt
1840; Sept. 17 ... Glasgow The Marquis of Breadalbane..

1841, July 20 ... Plymouth The Rev.'w.*Whewell, F.R.S. 169 65

1842, June 23 ... Manchester The Lord Francis Egerton,.,^, 803 169

1843; Aug. 17 ... Cork The Earl of Rosse, F.R.S 109 28 «

1844, Sept. 26 ... York The Rov. G. Peacock, D.D*. .. 226 «>160

1845, June 19 ... Cambridge Sir John F. W. Herschel, Bart 313 36
1846; Sept. 10 ... Southampton Sir Roderick I. Murchison,Bart 241 10
1847, June 23 ... Oxford Sir Robert H. Inglis, Bart 314 . 18

1848, Aug. 9 ... Swansea The Marquis of Northampton 149 . 3

1849, Sept. 12 ... Birmingham The Rev, T. R. Robinson, D.D 227 12

1850; July 21 ... Edinburgh Sir David Brewster, K.H 235 9
1851, July 2 ... Ipswich G. B. Airy, Astronomer Royal 172 8
1852, Sept. 1 ... Belfast Lieut.-Gcneral Sabine, F.R.S# 164 10
1853, Sept. 3 ... Hull William Hopkins, F.R.S 141 13
1854, Sept. 20 ... Liverpool The Earl of Harrowby, F.R.S. 2.38 23
.1855, Sept. 12 ... Glasgow The Duke of Argyll, F.R.S. ...

' 194 33
1856, Aug. 6 ... Cheltenham Prof. C. G. B. Ddubeny, M.D. 182 14
1857, Aug. 26 ... Dublin The Rev.Humphrey Lloyd, D.D. 236 15
1858, Sept. 22 ... Leeds Richard Owen, M.D., D.C.L.... 222 42
1859, Sept. 14 ... Aberdeen H.R.H. the Prince Consort ... 184 27
1860, June 27 ... Oxford The Lord Wrottesley, M.A. ... 286 21
1861, Sept. 4 ... Manchester WilliamFairbairn,LL.D.,F.R.S. 321 113
1862, Oct. 1 ... Cambridge

1
The Rev. Professor Willis, M.A. 239 15

1863, Aug. 26 ... Newcastle-on-Tyne Sir William G. Armstrong, C.B. 203 36
1864, Sept. 13 ... Sir Charles Lyell, Bart., M.A. 287 40
1865, Sept. 6 ... Birmingham Prof. J. Phillips, M.A., LL.D. 292 44
1866, Aug. 22 ... Nottingham William R. Grove, Q.C., F.R.S. 207 31
1867, Sept. 4 ... Dundee The Duke of Buccleuch,K.C.B. 167 25
1868, Aug. 19 ... Norwich Dr. Joseph D. Hooker, F.R.S. 196 18
1869, Aug. 18 ... Exeter Prof. G. G. Stokes, D.C.L 204 21
1870, Sept. 14 ... Liverpool Prof. T. H. Huxley, LL.D 814 39

. 1871, Aug. 2 ... Edinburgh Prof. Sir W. Thomson, LL.D. 246 28
1872, Aug. 14 ... Brighton Dr. W. B. Carpenter, F.R.S. ... 246 36
1873, Sept. 17 ... Br^ford Prof. A. W. Williamson, F.R.S. 212 27
1874, Aug. 19 ... Belfast Prof. J. Tyndall, LL.D., F.R.S. 162 13
1875, Aug. 25 ... Bristol SirJohnHawksliaw,C.E.,F.R.S. 239 36
1876, Sept. 6 ... Glasgow Prof. T. Andrews, M.D., F.R.S. 221 ^5
1877, Aug. 16 ... Plymouth Prof. A. Thomson, M.D., F.R.S. 173 ’ 1?
1878, Aug. 14 ... Dublin W. Spottiswoode, M.A., F.R.S. 201 18
1879, Aug. 20 ... Sheffield Prof.G. J. Allman, M.D., F.R.S. 184 16
1880, Aug. 25 ... Swansea A. C. Ramsay, LL.D., F.R.S.... 144 11
1881, Aug. 31 ... York Sir John Lubbock, Bart., F.R.S. 272 28
1882, Aug. 23 ... Southampton Dr. C. W. Siemens, F.R.S....... 178
1883, Sept. 19 ... Southport Prof. A. Ciyley, D.C.L., F.R.S. 203 60
1884, Aug. 27 ... Montreal Prof. Lord Rayleigh, F.R.S. ... 235 20
1886, Sept. 9 ... ,Aberdeen SirLyon Playfair, K.C.B.,F.R.S. 226 18
18?6,Sept. 1 ... Birmingham

iSir J.W. Dawson, O.M.G.,F.R.S. 344 25
1887, Aug. 31 ... :Manchester 1Sir H. B. Roscoe, D,CIL.,F.R.S. 428 f 86
1888, Sept. 6 ... :Bath

1Sir F. J. Bramwell, F.R.S. 266 36

• Ladles vers not admitted by purchaeed Tickets until 1848 .
‘

t Tickets of Admiwlon to Seetions only.
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at AnnuahMeetings of the Association,

Attended by Amount
received

during the
Meeting

Cums paid on
Account of

Grants for Scien-
tific Purposes

Year

f

!

Old Annual
Members

New Annual
Members

Asso-
ciates
wm Foreigners Total

363 ipimpiiu 1831
/

a • a 1832t •

0 • 900 1833#
ate a a a 1298 £20 0a 1834
a • a •V a a a 167 0 0 1835

t a a a a a a 1360 435 0 0 1836
as t a a a a a a 1840 • 922 12 6 1837

i
• e e 1100* a a a 2400 932 2 2 1838

f

t
• • a ^ ..a a a a 34 1438 1696 11 0 1839

i see a a a 40 1646 16 4 1840
1 46 317 60* a a a 891 e s e a 1235 10 11 1841
<

76 376 k’t 331* 28 1316 1449 17 8 1842
[ 71 185 a a • 160 ly • • • a a a 1666 10 2 1843
1 45 • 190 '•9t 260 a a a a a a 981 12 8 1844
\ 94 22 407 172 35 1079 831 9 9 1845

[
66 < 39 270 196 36 857 685 16 0 1846

5 197 40 495 203 63 1320 • • • 208 5 4 1847

64, • 26 376 197 15 819 £707 0 0 276 1 8 1848

93 33 447 237 22 1071 963 0 0 159 19 6 1849
i 128 610 273 44 1241 1085 0 0 345 18 0 1850

61 ,47 244 141 37 710 620 0 0 391 9 7 1861

63 60 610 292 9 1108 1085 0 0 304 6 7 1862

66 67 367 236 6 876 903 0 0 205 0 0 1863

121 121 766 624 10 1802 1882 0 0 380 19 7 1854

142 101 • 1094 643 26 2133 2311 0 0 480 16 4 1865

\ 104 48 412 346t 9 1116 1098 0 0 734 13 9 1866
\

166 120 900 669 ' 26 2016 0 0 607 15 4 1867

111 91 710 609 13 1698 1931 0 0 618 18 2 1868

126 179 1206 821 22 2564 2782 0 0 684 11 1 1859

177 69 636 463 47 1689 1604 0 0 766 19 6 1860

184 126 1689 791 15 3138 3944 0 0 nil 5 10 1861

160 67 433 242 25 1161 1089 0 0 1293 16 6 1862

164 209 1704 1004 25 3336 3640 0 0 1608 3 10 1863

182 103 1119 1058 13 2802 2965 0 0 1289 16 8 1864

216 149 766 608 23 2227 0 0 1691 7 10 1865

218 106 960 771 11 2469 0 0 1760 13 4 1866

193 118 1163 771 7 2444 2613 0 0 1739 4 0 1867

226 117 720 682 45+ 2042 0 0 1940 0 0 1868

229 107 678 600 17 1856 1931 0 0 1622 0 0 1869

303 196 1103 910 14 2878 3096 0 0 1672 0 0 1870

311 127 976 754 21 2463 2676 0 0 1472 2 6 1871

280 80 937 912 43 2533 2649 0 0 1286 0 0 1872’

237 796 601 11 1983 2120 0 0 1686 0 0 1873

232 86 817 630 12 1961 1979 0 0 1151 16 0 1874

807 884 672 17 2248 2397 0 0 960 0 0 1876

831 186 1266 712 25 2774 3023 0 0 1092 4 2 1876

238 446 283 11 1229 1268 0 0 1128 9 7 1877

29b 93 1285 674 17 2578 2616 0 0 726 16 6 1878

239 74 629 349 13 1425 0 0 1080 11 11 1879

171 41 389 147 12 916 899 0 0 731 7 7 1880

313 176 1230 614 24 2657 2689 0 0 476 3 1 1881

' 263 • 79 • 616 189 21 1263 1286 0 0 1126 1 11 1882

830 823 962 841 a • 6 2714 3369 0 0 1083 3 3 1883

817 219 826 74 26&60H.§ 1777 1638 0 0 1173 4 0 1884

832 122 1063 447 6 2203 2266 0 0 1385 0 0 1886

428 119 1067 29 11 2453 2532 0 0 995 0 6 1886

610 .. 244 1986 > 493 92 3838 4336 0 0 1186 18 0 1887

899 100 639 35 1984 2107 0 0 1611 0 6 1888

t TtyJffiUtig T^tiiiL } Fellovi of tbo American Amooiation were admitted as Hon. Members for this Meeting.



REPORT OP THE COUNCIL.

Report of the Council for the year 1887-88, 2)rese7ited to ihe Gemrc^l

Committee at Bath, pn Wednesday, September -5, 1888.

Tho Council have received reports during tlie past year from the
General Treasurer, and his account for the year will be laid before the
General Committee this day.

' ^

Since the Meeting at Manchester tlie following have been elected

Corresponding Members of the Association :— •

Cleveland Abbe.
Professor de Bary.
Professor Bernthsen.
His Excellency R. Bonghi.
Professor Lewis Boss.

Professor J. W. Bruhl.

Professor G. Capellini.

H. Caro.
Professor J. B. Carnoy.
P. W. Clarke.

Professor R. Fittig.

Dr. Anton Fritsch. >

Professor W. His.

Fr. von Hefner-Altencck.
Professor C. Julin.

Professor Krause.
Professor A. Ladenburg.
Professor J. W. Langley.
Professor Count Solms von Laubach.
Professor H. Le Chatelier.

Professor A. Lieben.
Professor G. Lippraann.
Dr. Georg Lunge.
Dr. Henry C. McCook.
Dr. C. A. Martins.

Professor D. Mciidelecff.

Professor N. Menschutkin.
Professor Lothar Meyer.
Dr. Charles Sedgwick Minot. »

E. S. Morse.
Profess(^r Noelting.

Dr. Pauli.

Professor W. Prej'cr.

N. Pringsbeim.
Professor G. Quincke.
C. V. Riley. ,
M. le Marquis de Saporta.
Ernest Rolvay.

Dr. Alfred .Springer.

Dr. T. JM. Treub.
Professor John Vilanova.
Professor H. F. Weber.
Professor L. Weber.
Professor August Weismann,
Professor K. Wiedersheim.
Profe.ssor G Wiedemann.
Professor J. Wislicenus.
Dr. Otto Witt.

Dr. Ludwig H. Wolf.
Profe.ssor C. A. Young.
Professor F. Zirkel.

The Council tiavo nominated the Venerable Archdeacon Browne a
Vice-President of the meeting at Bath.

Invitations for the year 1890 will be presented from Leeds and Cardiff,

and from Edinburgh for the year 1891. ^
The following resolution was referred by the General Committee to >

the Council for consideration, and action if desirable :— *

* That the Council be requested to take such action as they may think
most expedient in order to bring before the Signal Office of the United
States a statement of the high value which British meteorologists attach
to the manuscript bibliography prepared by the Signal Office.'

The Council, after consideration of the question, are of opinion that it

is inexpedient to take action in the matter.

The Council, having considered a motion of l^Jr. W. T. Thiselton-

Dyer calling attention to the present mode of appointing Committees,
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with a view to securing more responsible action, are of opinion that
the following rule of the Association^ ‘In case of appointment of
Committees tor, special c^:>Jects of science, it is expedient ihatall Members
of the Committee should be named, and one of them appointed to act as
Secretaiy, for insuring attention to business,’ should be amended as follows

:

‘In case of appointment of Committees for special objects of science
it 4s expedient ^that all Members of the Committee should be named,'
and one of tlhem appointed to act as Chairman, who shall have notified
personally or in writing his willingness to accept the office, the Chairman
to Aave the responsibility of recemng and disbursing the grant (if any
has been made) and securing the presentation, of the report in due time

;

and, further, it is expedient that one of the Members should be appointed
to act as Secretary for insuring attention to business.

‘ That it is desirable that the number of Members appointed to serve
on a Committee should be as small as is consistent with its efficient

working.
* That a tabular list of the Committees appointed on the recommen-

dation of each Section should be sent each year to the Recorders of the
several Sections, to enable them to fill in the statement whether the
several Committees appointed on the recommendation of their respective

Sections bad presented their reports.
‘ That on the proposal to recommend the appointment of a Committee

for a special object of science having been adopted by the Sectional
Committee, the number of Members of such Committee be then fixed,

but that the Members to serve on such Committee be nominated and
selected by the Sectional Committee at a subsequent meeting.’

The Council have recefvyl the following report from a Committee of

Council appointed to consider the question of grants to marine biological

stations in this country, together with a letter from Professor E. Ray
Lankester, Secretary of the Marine Biological Association, suggesting

that the British Association should complete its donations to the funds of

that Association, so as to make up the sum given to the amount of 500Z.,

thereby securing certain rights.
* The British Association has up to the present time granted altogether

3001. to the Marine Biological Association, and by a further grant of 200i^.

the British Association would be entitled to nominate a representative on
the Council of the Marine Biological Association. The Committee are of

opinion that the Council should recommend the General Committee to

grant the 2001.

^

and appoint a member to represent them on the Council

of the Marine Biological Association.
‘ With reference to the grants to Marine Biological Stations generally,

the' Committee are of opinion that in all these cases it is desirable that

giants in future should be made to individuals for specific researches rather

,tihan •for the general maintenance of institutions
;
and with reference to

the Scottish Stations they would further call the attention of the Council

to the fact that the Scotch Fishery Board has a parliamentary grant of

2,000Z. per annum for scientific investigations, the whole of which, it

appears from the appropriation accounts, is not at present expended.’

The Council, having received the above Report, have forwarded it,

together with the letter of Professor Lankester, to the Committee of

Section I).
. • i.

The report of the Corresponding Societies Committee is herewith

submitted to the General Committee.
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The Corresponding Societies Committee consisting of Mr, I'rancfs

Galton (Chairman), Professor A. W. Williamson, Sir Douglas G^lton^

Professor Boyd Dawkins, Sir Eawson Rawson,4!fr. J. G. Garson,'Dr. J.

Evans, Mr. J. Hopkinson, Professor R. Meldola (Secretary), Mr. W,

Whitaker, Mr. G. J. Symons, General Pitt-Rivers, Mr. W. Topley, Mr.

H. G. Fordbam, and Mr, William White, with the addition of Professor

T. G. Bonney, is hereby nominated for reappointment fy^the GeneiAl

Committee.

The Council hereby nominate Dr.» John Evans, Treasurer R.S.^

Chairman, Mr. W. Whitaker, F.R.S., Vice-Chairman, and Professor R.

Meldola, P.R.S., Secretary fo the Conference of Delegates of Correspond-

ing Societies to be held during the Bath meeting.

In accordance with the regulations the five retiring Members of the

Council will be
*

'

Prof. W. Boyd Dawkins, F.R.S.

Prof. J. Dewar, F.E.S.

Prof. W. H. Flower, C.B.

Qr. J. H. Gladstone.

Prof. H. N. Mosdiey.

The Council recommend the re-election of the other ordinary Members

of Council, with the addition of the gentlemen whose names are distin-

guished by an asterisk in the following list

Abney, Capt. W. de \V., C.B., F.R.S.

Ball, Sir R.S.,F.R.S.

Barlow, W. H., Esq., F.R.S.

Blanford, W. T., Esq., P.R.S.

Crookes, W., Esq., F.R.S.

Darwin, Prof. G. H., F.R.8.

Douglass, Sir James, F.R.S.

•Gamgee, Dr. A., F.R.S.

Geikie, Dr. A., F.R.S.

Godwin-Austen, Lieut.-Col. H. H., F.E.S.

Henrici, Prof. 0., F.R.S.

Judd, Prof. J. W., F.R.S.

Liveing, Prof., F.R.S.

Martin, J. B., Esq., F.S.S.

M'Leod, Prof. H., F.R.S.

Ommanney, Admiral Sir E., C.B., F.B.S-

Preece, W. H., Esq., P.R.S.

Roberts-Austen, Prof. W. C,, F.E.S.

Rucker, Pcof., F.R.S.

Schuster, Prof., F.R.S.

Sidgwick, Prof. H., Ml.
Schafer, Prof., F.R.8.

Tbiselton-Dyer, W. T., Esq., C.M.G,

F.R.S.

Thorpe, Prof. T. E., F.R.S,

Woodward, Dr. H., F.R.8.
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Committees appointed bt tub Genbbal Committee at the
Bath Meeting ^N Sbptembeb 1888.

1. Receiving Grants of looney.

Subject for Investigation or Purposj^ ^ ' Members of the Committee Grants

Th« Possibility o'x Calculating Chairman.—Lord Rayleigh. 10
Tables of certain Mathematical Secretary.—Mr. A. Lodge.
Functions, and, if necessary, of Sir William Thomson, Professor Cay-
taking steps to carry out the ley, Professor B. Price, and Messrs.

/;al(fulations, and to publish the J. W. L. Glaisher, A. G. Greenhill,

results in an accessible form. and W. M. Hicks.
<)

Co-operating with tho Scottish Chairman.—Hon. R. Abercromby. 60
Meteorological Society in Secretary.—Professor Crum Brown,
making Meteorological Observa- Messrs. Milne-Home, John Murray,
tions on Ben Nevis. and Buchan, and Lord McLaren.

Making Experiments for improv- Chairman.—Professor Carey Foster. 100

ing the Construction of Practical Secretary.—Mr. R. T. Glazebrook.

Standards for use in Electrical Sir William Thomson, Professor Ayr-

Measurements. ton, Professor J. Perry, Professor

W. G. Adams, Lord Rayleigh, Dr.

O. J. Lodge, Dr. John Hopkinson,
Dr. A. Muirhead, Mr. W. H.
Preece, Mr. Herbert Taylor, Pro-

fessor Everett, Professor Schuster,

Dr. J. A. Fleming, Professor G.

F. Fitzgerald, Professor Chrystal,

Mr. H. Tomlinson, Professor W.
Garnett, Professor J. J. Thomson,
Mr. W. N. Shaw, Mr. J. T. Bottom-
ley, and Mr. T. C. Fitzpatrick.

Considering the subject of Elec- Chairman.—Professor Fitzgerald. 20

trolysis in its Physical and Secretaries.—Professors Armstrong
Chemical Bearings. and 0. J. Lodge.

Professors Sir William Thomson,
Lord Rayleigh, J. J. Thomson,
Schuster, Poynting, Crum Brown,
Ramsay, Frankland, Tilden, Hart-
ley, S. P. Thompson, M'Leod,
Roberts-Austen, Rucker, Reinold,

Carey Foster, and H. B. Dixon,
Captain Abney, Drs. Gladstone,

^ Hopkinson, and Fleming, and
Messrs. Crookes, Shelford Bidwell,

W. N. Shaw, J. Larmor, J. T:

Bottomley, R. T. Glazebrook, J.

Brown, E. J. Love, and John M.
Thomson.
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1. Receiving Grants of Money—continued.

•

Subject for Investigation or Purpose Members of tb« Committee Grants

Considering the best Methods of

Recording the Direct Intensity

of Solar Radiation.

Chairman,—Professor Stokes.

Secretary.—Mr. G. J. Symoni^ _

Professor Schuster, Mr. G. Johnstone
Stone;^ Sir H. E. Roscoe, Captain
Abne^ and Mr. Whipple.

£
10

Inviting Designs for a good Difee- •

rential Gravity Meter in sup^-
session of the Pendulum, where-
by satisfactory results may be
obtained at each station of

observation in a few hours
instead of the many days over

which it is necessary to extend
pendulum observations.

Chairman.—General J. T. Walker.
Secretary.—Professor Poynting.

Sir William Thomson, Sir J. H.
Lefroy, GeiKral R. Strachey, Pro-

fessors A. S. Herschel, G. Chrystal,

C. Niven,|^nd A. Schuster, and Mr.

C. V. Boys. •

10

Seasonal Variations in the Tem-
peratures of Lakes, Rivers, and
Estuaries in Various Parts of

the United Kingdom in Co-
operation with the Local Socie-

ties represented on the Associa-

tion.

Chairman.—Mr. John Murray.
Secretary.—Dr. H. R. Mill.

^
Professor Chrystal, Dr. A. Buchan*

Rev. C. J. Steward, the Hon. R.

Abercromby, Mr. J. Y. Buchanan,
Mr. David Cunningham, Mr. Isaac

Roberts, Professor Fitzgerald, Mr.
Sorby, and Mr. Willis Bund. *

•

*30 .

Considering the Desirability of

introducing a Uniform Nomen-
clature for the Fundamental
Units of Mechanics and of co-

operating with other bodies

engaged in similar work.

Chairman.—Sir R. S. Ball.

Secretary.—Mr. Culverwell.

Dr. G. Johnstone Stoney, Professors

Everett, Fitzgerald, Hicks, Carey
Foster, 0. J. Lodge, Poynting,

MacGregor, Genese, W. G. Adams,
and Lamb, and Messrs. Baynes,

A. Lodge, j&'leming, W. N. Shaw,
Glazebrook, Hayward, Lant Car-

penter, Greenhill, Muir, G.
Griffith, and J. Larmor.

10

The Action of Light on the Uy-
dracids of the Halogens in

presence of Oxygen.

Chairman.—Dr. Russell.

Secretary.—Dr. A. Richardson.

Captain Abney, and Professors Noel
Hartley and W. Ramsay.

10

The Influence of the Silent Dis-

charge of Electricity on Oxygen
and other gases.

Chairman.—Professor H. M‘Leod.
Secretary.—W. A. Shenstone.

Professor Ramsay and Mr. J. T.

Cundall.

10

Inquiring into and reporting on
the present Methods adopted
for teaching Chemistry.

Chairman.—Dr. W, J. Russell.

Secretary.—ProfessorW. R. Dunstan.
Sir H. E. Roscoe, Professor H. E.
Armstrong, Professor Meldola,Pro-

fessor M‘Leod, Dr. J. H. Glad-
stone, Mr. A. G. Vernon Harcourt,

Mr. M. M. Pattison Muir, Professor

Smithells, Mr. W. ^A. Shenstone,

and Mr. G. Stallard.

10
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T 1. Receiving Grante of Money—continued.
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1. Meceiving Grants ofMoney—continued.

#

Subject for Investigation or Purpose Members o^thc Committee

;

—

Grants

Arranging foir the Occupation of a
Table at the Zoological Station

at Naples.

Chairman.—Dr. P. L. Sclater.

Secretary.—Mr. Percy Sladlin.

Professor B. Ray Lankester, Profes-

sor Cossar Ewart, Professor M.
Foster, Mr. A. Sedgwick, and Pro-
fessor A. M. Marshall.

100
•

Reporting on the present state of

our Knowledge of the Zoology
and Botany of the West India
Islands, and taking steps to in-

vestigate ascertained deficien-

cies in the Fauna and Flora.

Chairman.—Professor Flower.
Secretary.—Mr. D. Morris.

Mr. Carmthers, Dr. Sclater, Mr.
Thiselton-Dyer, Dr. Sharp, Mr. F.

Du Cane Godman, and Professor

Newton.
*

100

Geography and Geology of the
Atlas ranges in the Empire of

Morocco, by Mr. Joseph Thom-
son.

Chairman.—General J. T. Walker.
Secretary.—Mr. H. W. Bates.

General R. Strachey, Mr. W. T.

Thiselton-Dyer, and Professor W.
Boyd Dawkins.

100

Inquiring and reporting as to the
Statistical Data available for

determining the Amount of the
Precious Metals in use as Money
in the principal countries of the
world, the chief forms in which
the money is employed, and
the amount annually used in

the arts.

Chairman.—Mr. Robert Gillen.

Secretary.—Prof. F. Y. Edgeworth.
Mr. S. Bourne, Professor H. S. Fox-

well, Professor Alfred Marshall,

Mr. J. B. Martin, Professor J. S.

Nicholson, Mr. R. H. Inglis Pal-

grave, and Professor H. Sidgwick.

20

The best method of ascertaining

and measuring Variations in the
Value of the Monetary Standard.

Chairman.—Mr. Robert Giffen.

Secretary.—Yxol. F. Y. Edgeworth.
Mr. S. Bourne, Professor H. S. Fox-

well, Professor Alfred Marshall,

Mr. J. B. Martin, Professor J. S.

Nicholson, Mr. R. H. Inglis Pal-

grave, and Professor H. Sidgwick.

10

The Action of Waves and Currents
on the Beds and Foreshores of

Estuaries by means of Working
Models.

Chairman.—Sir J. N. Douglass.

Professor W. 0. Unwin.
Professor Osborne Reynolds and

Messrs. W. Topley, E. LeaderWil-
liams, W. Shelford, G. F. Deacon,
A. R. Hunt, and W. H. Wheeler.

100

To report on the Development of
Graphic Methods in Mechanical
Science.

Chairman.—Wt. W. H, Preece.

Secretary.— Professor H. S. Hole
Shaw.

Messrs. B. Baker, W. Anderson, and
G. Kapp and Professors J. Perry

and Bt H. Smith.

26*

Editing a new Edition of * Anthro-
pological Notes and Queries.*

1

C'Aatmatt.—General Pitt-Rivers.

Secretary.—Dr. Garson. *

Dr. Beddoe, Profedbor Flower, Mr.
Francis Galton, Dr. B. B. Tylor.

60
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1. Receiving OranU -continued.
; y

Subject ibr Investigation or Purpose Members of the Committee Grants

The Habits and Customs and Fhy-
sitoal Characteristics of the No-
mad Tribes of Asia Minor, and
^0 excavate on fites of ancient
occupation.

Chairman.—Dr, Garson.
Secretary.—Mr. Bent.
Mr. Pengelly, Mr. Rudler, Mr.
Bloxam, Mr. J. Stuart Glennie.

£
30

The, Physical Characters, Lan-
guages, and Industrial and So-
cial Condition of the North-
Western Tribes of the Dominion
of Canada.

Chairman.—Dr. B. B. Tylor.

Seoreta/ry.—Mr.
(J.

W. Bloxam.
Sir Daniel WHson, Dr. G. M. Daw-

son, General Sir H. Lefroy, Mr.
R. G. Haliburton.

150

%

The Effects of different Occupa-
tions and Employments on the
Pliysical Development of the
Human Body.

Chairman.—Sir Rawson Rawson.
^cretary.—Mr. G. W. Bloxam.
General Pitt-Rivers. Dr. J. Beddoe,

Dr. H. Muirhead, Mr. C. Roberts,

Dr. G. W. Hambleton, Mr. P. W.
Rudler, Mr. Horace Darwin, Dr.

J. G. Garson, and Dr. A. M.
Paterson.

20

Calculating the Anthropological

Measurements taken at Bath
Chairman.—General Pitt-Rivers.

Secretary.—Dr. Garson.
Mr. Bloxam.

6

Carrying on the work of the

Corresponding Societies Cw-
mittee.

Chairman.—Dr. John Evans.
Secretary.—Professor R. Meldola.

Mr. Francis Galton, Professor A. W.
Williamson, Sir Douglas Galton,

Professor Boyd Dawkins, Sir Raw-
son Rawson, Dr. J. G. Garson, Mr.
J. Hopkinson, Mr. W. Whitaker,
Mr. G. J. Svraons, General Pitt-

Rivers, Mr. W. Topley, Mr. H. G.
Fordham, Mr. William White, and
Professor Bonney.

20

2. "Not receiving Grants of Money.

Subject for Investigation or Purpose

To consider the proposals of M. Tondini

de Quarenghi relative to the Unifica*

tion of Time, and the adoption of a
*UniversalPrime Meridian,which have

l^enbrought before the Committee by

§ letterfrom the Academy of Sciences

of Bologna.

Considering the advisability and possi-

bility of establishing in other parts

of 4he country Observations upon the

Prevalence of Barth Tremors similar

to those now being made in Durham
in connection with coal-mine explo-

sions.

Members of the Committee

Chairman.—Mr. J. Glaisher.

Secretary.—Mr. J. Glaisher.

Mr. Christie (Astronomer Royal), Sir R.

S. Ball, and Dr. G. B. Longstaff.

Chairman.—Mr. G. J. Symons.
Seert^ary.—Professor Lebour.
Sir F. J. Bramwell, Mr. E. A. Cowper,

Professor G. H. Darwin, Professor

Ewing, Mr. Isaac Roberts, Mr. Thomas
Gray, Dr. John Evans, Professor Prest-

wich. Professor Hull, Professor Mel-
dola, Professor Judd, Mr. M. Walton
Brown, and Mr. J. Glaisher.
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2. Not receiving Grants of Money—continued.
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2. Not receiving Grants of continued.

^ ,

Members of the CommitteeSubject for Investigation •r^urpose

The Continuation of the T*ibliograph3
'

of Speptroscop^^.

To consider the best IVIethod of Estab-

Jishing an International Standard fdr

the Analysis of Iron and Steel.

Preparing a new series of Wave-length

Tables of the Spectraof the Elements.

Absorption Spectra of Pure Compounds.

The Influence of Silicon on the Proper-

ties of Steel.

Isomeric Naphthalene Derivatives

.

Certain Physical Constants of^Solntion,

especially the Expansion of Saline

Solutions.

Reporting on the Bibliography of Solu-

tion.

The Properties of Solutions

The Circulation of the Underground

Waters in the Permeable Formations

of England, and the Quality and
Quantity of the Waters supplied to

various Towns and Districts from

these Formations.

Reporting upon the ‘ Manure Gravels
’

of Werford.

An Ancient Sea-beach near Bridlington.

Chaiiman.—Professor H. M'Leod.
Secretary.—Professor Roberts-Austen.

Professor Reinold.

Chairman.—Professor Roberts-Austen.
Secretary.—Mr. T. Turner.
Mr. J. W. ^Langley.

•

Chairman.—Sir H. E. Roscoe.

Secretan'y.—Dr. Marshall Watts.
Mr. Lockyer, Professors Dewar, Liveing,

Schuster, W. N. Hartley, and Wolcott
Gibbs and Captain Abney.

Chairman.—General Festing.

Secretary.—Dr. H. E. Armstrong.
Captain Abney and Professor W. N.

Hartley.

Chairman.—Profc.ssor W. A. Tilden.

Secretary.—Mr. Thomas Turner.
Professor Roberts-Austen.

Chairman.—Professor W. A. Tilden.

Secretary.—Professor H. B. Armstrong.

Chairman,—Professor W. Ramsay.
Secretary.—Professor W. L. Goodwin.
Professors Marshall and Tilden.

Chairman.—Professor W. A. Tilden.

Secretary.—Dr. W. W. J. Nicol.

Professors M‘Leod, Pickering, Ramsay,
and Young and Dr. A. R. Leeds.

Chairman.—Professor W. A. Tilden.

Secretary.—Dr. W. W. J. Nicol.

Professor Ramsay.

Chairman.—Professor E. Hull.

Secretary.—Mr. C. E. De Ranee.
Dr. H. W. Crosskey, Sir D. Galton, Pro-

fessor J. Prestwich, and Messrs. J.

Glaisher, E. B. Marten, G. H. Mor-
ton, J. Parker, W. Pengelly, J. Plant,

I. Roberts, C. Fox-Strangways, T. S.

Stooke, G. J. Symons, W. Topley,

Tylden-Wright, E. Wethered, and W.
Whitaker.

Chairman.—Mr. R. Etheridge.

Secretary,—Mr. A. Bell.

Dr. H. Woodward.

Chairman.—Mr. J. W. Davis.

Secretary.—Mr. G. W. Lamplugh.
Mr. W. Cash, Dr. H. Hicks, Mr. Clement

Reid, Dr. H. Woodward, and Mr. T.

Boynton.
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2. Not receiving OranU of continued.

Subject for Investigation or Purpose

The Bate of Erosion of the Sea-coasts of

England and Wales, and the Influence

of the Artificial Abstraction of

Shingle or other material in that

action.

Monfters of the Committee

Cluiirman.—Mr. R. B. Grantham.
Secretaries.—Messrs. G. E. Do Banco and
W. Topley. ^

jo
Messrs. J. B. Bedman, m Whitaker, and
^J.W.Woodall, Maj.-Gen. SirA. Clarke,
* Admiral Sir B. Ommanney, Sir J< N.
Douglass, Capt. Sir G. Nares, Capt.
J. Parsons, Capt. W. J. L. Wharton,
Professor J. Prestwich, and Messrs. E.
Easton, J. S. Valentine, and L. F.
Veiifon Harcourt.

CJiaif^man .—Professor W. C. Williamson.
Secretary,—Mr. W. Cash.

Chairman.—Professor Lankester.
Secretary.—Mr. G. H. Fowler.
Professor Milnes Marshall and Mi^ Sedg-

wick.

Chairmaii .—Professor M. Foster.
Secretary .—Professor F. 0. Bower.
Professor Bayley Balfour, Mr. Thiselton*

Dyer, Dr. Trimen, Professor Marshall
Ward, Mr. Carruthersi and Professor
Hartogv,

To make a Digest of the Observations Chairman.—Professor Newton,
on Mirations of Birds at Lighthouses Secretary.—Mr. John Cordeaux.
and Light-vessels, which have been Mr. Harvic-Brown, Mr. R. M. Barrington,
carried on during the past nine years Mr. W. E. Clarke, and Rev. B. P.
by the Migrations Committee of the Knubley.
British Association (with the consent
of the Masters and Elder Brethren
of the Trinity House, and the Com-
missioners of Northern Lights), and
to report upon the same at New-
castle.

Collecting Information as to the Dis-
|

Chairman.—lAt. A. W. Wills,
appearance of Native Plants from /Scorefory.—Professor W. Hillhouse.
their Local Habitats. Mr. E. W. Badger.

The Flora of the Carboniferous Bocks
of Lancashire and West Yorkshire.

The Development of the Oviduct and
connected Structures in certain Fresh-

water Teleostei.

Taking steps for the Establishment
of a Botanical Station at Peradeniya,

Ceylon.

The Teaching of Science in Elementary
Schools.

Chairman.—Dr. J. H. Gladstone.
Secretary.—Professor Armstrong.
Mr. S. Bourne, Miss Becker, Sir J. Luk-

bock. Dr. Crosskey, Sir R. TempZe, Sir
H. E. Roscoe, Mr. J. Heywood, and
Professor N. Story Maskelyne.

Other Resolutions adopted hy t1i^ General Committee,

That it is desirable that the Association should become a Governor of the Marine
biological Association, and that a grant of 200/. be made^to the Mariife Biological
Association with that view.



BESOLUTIONS ADOPTED BY THE OENEBAL COHHIITEE. Ixxti

That sum of lOOf. be placed at the disposal of the Baths Committee of the
Bath Gcrporation to assist in the prosecution of further researches in the Roman
Baths.

That Mr. B. E. Baynes and Mr. J. Larmor be requested to draw up a Report on
the present state of our knowledge in Thermodynamics, specially with regard to the

second law.

That Mr. W^-iN. Shaw be requested to continue his Report on the present state of

our knowledge in Electrolysis and Electro-chemistry.

That Mr. P. T. Main be requested to continue his Report on our experimental
knowledge of the Properties of Matter with respect Jto Volume, Pressure, Tempera-
ture, and Specific Heat.

That*Mr. Glazebrook be requested to continue his Report on Optics.

That Professor J. J. Thomson be requested to continue his Report on Electrical

Theotries.

Oommunications ordered to he printed in eztenso in the Annual Report

of the Association,

br. J. Janssen’s paper, < Sur I’application de I’analyse spectrale il la m^caniquo
iaol4culaire '6t sur les spectres de I’oxyg^ne.’

Mr. Stephen Bourne’s paper, ‘ The Use of Index-numbers.*
Mr. L. L. F. B. Price’s paper, * The Relation between Sliding Scales and Economic

Theory.*

Professor H. S. Hele Shaw and Mr. E. Shaw’s paper on ‘ The Friction of Metal
Coils,* with the fiecessary illustrations.

The Report of the Couferoi^e on Lightning Conductors, as far as is desirable.

Mr. Dalton’s paper giving a List of British Mineral Waters,
The Bibliography of the Lesser Antilles, as an appendix to the Report of the

Committee on the Zoology and Botany of the West India Islands.

' Resolutions referred to the Goumil for consideration, and action

.
' if desirable.

That the Council be recommended to consider what measures, if any, it might be
desirable to take with respect to the apparatus from time to time purchased by funds
^Qted by the Association.

' That the Council of the Association be requested to urge upon the Corporation of
Bath the desirability of laying bare a further portion of the unique Roman Baths at
this city, with the view to their permanent preservation ; and that the part already
laid bare should be protected from the weather.

; That the Council be requested to memorialise her Majesty’s Government in favour
of establishing a permanent Census Sub-Department, and taking the census of the

TJMted Kingdom every five years.

18881.
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Syiuypsis of Ovobuts of Monsy ouppTOjpvidted to Sdoutific PuT'^

po868 by the 08716tolI Gow/rnAttee cit ths JBdth Me^vtiyy
^

vti

September, 1888. The Namee of the Memhers entitled to call

on the General Treaeurer for the respective Oranta are

prefixed.

Mathematics and Physics.

^Abercromby, Hon. R.—Ben Hevis ObsevVatory

*Foster, Professor G. Carey.—Electrical Standards

^Fitzgerald, Professor,—Electrolysis . .

Stokes, Professor.—Solar Radiation

Walker, General J. T.—Differential Gravity Meter
Ball, Sir R. S.—Uniform Nomenclature in Mechanics
Rayleigh, Lord.—Calculating Tables of cei*tain Matbenxatical

Functions
Murray, Mr. J.—Seasonal Variations in the Temperature of

Lakes, Rivers, and Estuaries

£ 8. d.

so 0 0
100 0 0
20 jD 0

•10 0 0
10 0 0
ip 0 0

10 0 0

30 0 0

Chemistry,

McLeod, Professor H.
—

^The Influence of th^Silent Discharge
of Electricity on Oxygen and other Gases IQ 0 0

Russell, Dr. W. J.—Methods of Teaching Chemistry 10 0 0
Russell, Dr. W. J.—Oxidation of Hydracids in Sunlight ... 10 0 0

IT

I

Geology. '•

Evans, Dr. J.—Geological Record 80 0 0
Prestwich, Professor J.—Erratic Blocks 10 0 0
Etheridge, Mr. R.—Volcanic Phenomena of Japan 25 0 0
Bauerman, Mr. H.—Volcanic Phenomena of Vesuvius ...... 20 0 0
Etheridge, Mr. R.—Fossil Phyllopoda of the Palaeozoic

Rocks 20 0 0
Woodward, Dr. H.—Higher Eocene Beds of the Isle of

Wight *. 15 0 0
Blanford, Dr. W. T.—Fossil Plants of the Tertiary and

Secondary Beds of the United Kingdom 15
(J

O

Biology,

Flower, Professor.—Zoology and Botany of the West India
Islands

Ball, Mr. John.—Flora of China
Sclater, Dr. P. L.—Naples Zoological Station

100 0 0
25 *0 0

100 0 0

Carried forward ^680 0 0
Beappointed.



SYNOPSIS OP GBANTS OF?: MONEY. Izzxiu

£ t. d.
Brought forward 680 0 0

Schafer, Professor.—Ph^TPiology of the Lymphatic System... 25 0 0
Schafer, Professor.—^To Improve and Experiment with a

Deep Sea Tow-Net, for opening and closing under water 10 0 0
Newton, Professor.*—Natural History of the Friendly

Islands P. 100 0 0

Geography,

Walker, General J. T.—Geography and Geology of the Atlas

Ranges... •. 100 0 0

, Economic Science and Statistics,

Giffen, Mr. R.—Precious Metals in Circulation 20 0 0
’Gitfen, Mr. R.—^Variations in- the Value of the Monetary . .

%Wdard 10 0 0

Mechanical Science,

Doftglass, Sir J. W.—Investigation of Estuaries by Means
of Models 100 0 0.

Preece, Mr. W. H.—Development of Graphic Methods in

Mechanical Science 25 0 0
*

Anthropology,

Rawson, Sir R.—Effect of ©co-upations .on Physical Develop-

ment ; ^
.“ 20 0 0

Tylor, Dr. E. B.—^North-Western Tribes of Canada 150 0 0
Pitt-Rivers, General.—Editing a New Edition of Anthropo-

l(^cal Notes and Queries 50 0 0
Pitt-Rivers, General.—Calculating the Anthropological Mea-

surements taken at Bath 5 0 0
Ghurson, Dr.—Characteristics of Nomad Tribes of Asia Minor 30 0 0
Evans, Dr. J.—Corresponding Societies 20 0 0

Marine Biological Association 200 0 0

Exploration of Roman Baths at Bath 100 0 0

£1,645 0 0

Reappointed.

w , \

The Annual Meeting in 1889.

'The Meeting at Newcastle-upon-Tyne will commence on Wednesday,

September 11.

Place of Meeting in ISOOJ]

The Armnal Meeting of the Association will be held at Leeds.



Ixitxiv KBPOKT—1888.

General Statement of Sums which have been ‘paid on accpunt of

Grants for Scientific P'a'i^oses,

£ $. d,

1834.

Tide Discussions 20 0 0

1835.

Tide Discussions 62 0 0

British Fossil Ichthyology ... 105 0 0

£167 0 0

1836.

Tide Discussions 163 0 0

British Fossil Ichthyology ... 106 0 0

Thermometric Observations,

50 0 0

Experiments on long-con-

tinued Heat 17 1 0

Rain-Gauges 9 13 0

Refraction Experiments 16 0 0

Lunar Nutation 60 0 0

Thermometers 16 6 0

£436 0 0
' '

"I

'

1837.

Tide Discussions 284 1 0
Chemical Constants 24 13 6

Lunar Nutation 70 0 0
Observations on Waves 100 12 0
Tides at Bristol 150 0 0
Meteorology and Subterra-

nean Temperature 93 3 0
Vitrification Experiments ... 150 0 0
Heart Experiments 8 4 6

Barometric Observations 30 0 0
Barometers 11 18 6

_£922 12~~6

1838.

Tide Discussions 29 0 0
British Fossil Fishes 100 0 0
Meteorological Observations

and Anemometer (construc-

tion) 100 0 0
Cast Iron (Strength of) 60 0 0
Animal and Vegetable Sub-

stances (Preservation of) ... 19 1 10
Railway Constants 41 12 10
Bristol Tides 50 0 0
Growth of Plants 75 0 0
Mud in Rivers .3 6 6
Education Committee 50 0 0
Heart Experiments 5 3 0
I^nd and Sea Level 267 8 7
Steam-vessels 100 0 0
Meteorological Committee ... 31 9 5

£932 2 2

1839.

Fossil Ichthyology 110 0 0
Meteorolcgichl Observations

at Plymouth, Sco 68 10 0

£ t., d.

Mechanism of Waves 144 2 0
Bristol Tides 36 18 6
Meteorology and ^uhterra-

,

nean Temperature;..^'. 21 11 0
Vitrification Experiments ... 9 4 7

, Cast-Iron Experiments. 103 0 0
Railway Constants 28 7 2
Land and Sea Level 274 1 ^
Steam-vessels* Engines 100 0 0
Stars in Histoire C61este 171 18 0
Stars in Lacaille 11 0 ,0
StarS in R.A.S. Catalogue ... 166 16 6
Animal Secretions 10 10 0
Sttiam Engines in Cornwall... 60 0 0‘

Atmospheric Air • 16* 0
Cast and Wrought Iron 40 0 0
Heat on Organic Bodies 3 0 0
Gases on Solar Spectrum...... ^22 0 0
Hourly Meteorological Ob- •

scrvations, Inverness ^.nd

Kingussie 49 7 8
Fossil Reptiles 118 2 9
Mining Statistics 60 0 0

£1695 iFl)

184(f
Bristol fl’ides 100 0 0
Subterranean Temperature ... 13 13 6
Heart Experiments 18 19 0
Lungs Experiments 8 18 0
Tide Discussions 60 0 0
Land and Sea Level 6 11 1
Stars (Histoire Celeste) 242 10 0
Stars (Lacaille) 4 16 0
Stars (Catalogue) 264 0 0
Atmospheric Air 16 16 0
Water on iron 10 0 0
Heat on Organic Bodies 7 0 0
Meteorological Observations . 62 17 6
Foreign Scientific Memoirs... 112 1 6
Working Population 100 0 0
Schqpl Statistics 60 0 0
Forms of Vessels 184 7 0
Chemichland Electrical Phe-
nomena 40 0 0

Meteorological Observations
at Pl^outh 80 *0 0

Magnetical Observations...... 196 1^ 9
£1646 16 4

1841.
'

•'

Observations on Waves ...... 80 0 0
Meteorology and Subterra- *

* nean Tomperature....... 8 8 0
Actinometers 10 0 0
Earthquake Shocks 17 7 0
Acrid Poisons..... 6 0 0
Veins and Absor^nts ^ 8 0 0
Mud in Rivers ; 6 0 0



GENERAL STATEMENT, IxJUtT

£ $, d.

Marine Zbology 15 12 8

Skeleton Maps * • ,,20 0 0
Mountain Barometers

.
6 18 6

Stars (Histoire Celeste) 185 0 0
Stars (Lacaille) 79 6 0
Stars (Nomenclature of) 17 19 6

Stall (Catalogue off 40 0 0
Water on Iron .V. 60 0 0
Meteorological Observations

atInverness 20 0 Of

Meteorological Observations
(reduction of) 25 0 0

Fossil Reptiles 60 0 0
Foreign Memoirs 62 0 6

Railway Sections

Forms of Vessels
Meteorological Observations

38
193

t

0
0

at Mymouth 65 6 0
Magnetical Observations ...... 61 18 8

Fishes of the Old Red Sand-
stone 100 0 0

Tide§ at 'Leith 60 0 0
" Anemometer at Edinburgh ... 69 1 10
Tabulating O’Oservations 9 6 3

Races of Men 5 0 0
Radiate Animals 2 0 0

£128.5 10 11

•1842.

Dynamometric Instruments 1V3 11 2
Anoplura Britanniae 52 12 0
Tides at Bristol 69 8 0
Gases on Light 30 14 7
Chronometers 26 17 6
Marine Zoology 1 6 0
British Fossil Mammalia 100 0 0
Statistics of Education 20 0 0
Marine Steam-vessels’ En-

gines 28 0 0
Stars (Histoire Celeste) 69 0 0
Stars (Brit. Assoc. Cat. of) ... 110 0 0
^Railway Sections 161 10 0
British Belemnites 60 0 0
Fossil Reptiles (publication

of Report) 210 0 0
Forms (k Vessels 180 0 0
Galvanic Experiments on

Rocks
Meteorological Experiments

5 8 6

at Plymouth 68 0 0
OoAStaat Indicator and Dyna-
moihetric Instruments ...... 90 0 0

. Focoa^bfWind '. 10 0 0
Light on Growth of Seeds ... 8 0 0
Vital< Statistics 50 0 0
Vegetative Power of Seeds ... 8 1 11

<i^aestions.on Hunum Raoe ... 7 D* 0

£1449 :

1843.

17 8

Beyis4op',of the Komenclathre
of Stars 2 0 0

,

£ i. d,
Reduction of Stars, l^ritish

Association Catalogue 25 0 0
Anomalous Tides, Frith of

Forth ..120 0 0
Hourly Meteorological Obser-

vations at King^issie and
Inverness 77 12 8

Meteorological Observations
at Plymouth 55 0 0

Whewell’s Meteorological
Anemometer at Plymouth . 10 0 0

Meteorological Observations,
Osier’s Anemometer at Ply-

mouth 20 0 0
Reduction of Meteorological

Observations 30 0 0
Meteorological Instruments
and Gratuities 39 6 0

Construction of Anemometer
at Inverness 56 12 2

Magnetic Co operation 10 8 10
Meteorological Recorder for

Kew Observatory 50 0 0
Action of Gases on Light 18 16 1

Establishment at Kew Ob-
servatory, Wages, Repairs,

Furniture, and Sundries ... 133 4 7
Experiments by Captive Bal-

loons 81 8 0
Oxidation of the Rails of

Railways 20 0 0
Publication of Report on

Fossil Reptiles 40 0 0
Coloured Drawings of Rail-

way Sections 147 18 3
Registration of Earthquake
Shocks 30 0 0

Report on Zoological Nomen-
clature 10 0 0

Uncovering Lower Red Sand-
stone near Manchester ...... 4 4 6

Vegetative Power of Seeds ... 5 3 8

Marine Testacea (Habits of) . 10 0 0
Marine Zoology 10 0 0
Marine Zoology 2 14 11

Preparation of Report on Bri-

tish Fossil Mammalia 100 0 0
Physiological Operations of

Medicinal Agents 20 0 0
Vital Statistics 36 6 8

Additional Experiments on
the Forms of Vessels 70 0 0

Additional Experiments on
the forms of Vessels 100 0 0

Reduction of Experiments on
the Forms of Vessels ...... 100 0 0

Morin’s Instrument and Con-
stant Indicator 69 14 10

Experiments on the Strength
of Materials 60 0 0

£1565 10 2
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£ s. d.

• 1844.

Meteorological Observations
at Kingussie and Inverness 12 0 0

Completing Observations at

Plymouth 36 0 0
Magnetic and Meteorological

Co-operation 25 8 4

Publication of the British

Association Catalogue of

Stars 35 0 0
Observations on Tides on the

East Coast of Scotland 100 0 0
Bevisionof the Nomenclature

of Stars 1842 2 9 6

Maintaining the Establish-

ment in Kew Observa-
tory 117 17 3

Instruments for Kew Obser-

vatory .... 66 7 3

Influence of Light on Plants 10 0 0
Subterraneous Temperature
in Ireland 6 0 0

Coloured Drawiijgs of Kail-

way Sections 15 17 6

Investigation of Fossil Fishes
ofthe Lower Tertiary Strata 100 0 0

Registering the Shocks of

Earthquakes 1842 23 11 10
Structure of Fossil Shells ... 20 0 0
Badiata and Mollusca of the
w®gean and Red Seas 1842 100 0 0

Geographical Distributions of

Marine Zoology 1842 0 10 0
Marine Zoology of Devon and
Cornwall 10 0 0

Marine Zoology of Corfu 10 0 0
Experiments on the Vitality

of Seeds 9 0 0
Experiments on the Vitality

of Seeds 1842

Completing Experiments on
the Forms of Ships

Inquiries into Asphyxia
Investigations on the Internal

Constitution of Metals
Constant Indicator and Mo-

rin’s Instrument 1842 10 0 0

£981 12 8

1845.
Publication of the British As-

sociation Catalogue of Stars 361 14 6
Meteorological Observations

at Inverness 30 18 11
Magnetic and Meteorological

Co-operation 16 16 8
Meteorological Instruments •

at Edinburgh 18 11 9
Seduction of Anemometrical

Observations at Plymouth 26 0 0

Electrical Experiments at *

Kew QJbeervatory 43 17
Maintaining the Establish'*

ment in Kew Observatory 149 16
For Kreil’s Barometrograph 25 0
Gases from Iron Furnaces... 60 0
The Actinograpb ...f. 16 ^0

Microscopic StructuiB of

Shells 20 0
•Exotic Anoplura 1843 10 0
Vitality of Seeds 1843 2 0
Vitality of Seeds 1844 7 0
Marine Zoology of Cornwall . 10 0
Physiological Action of Medi-

cos 20 0
Statistics of Sickness and

Mortality in York.. 20 0
Earthquake Shocks 1843 16

£831 9

Examination of Fossil Shells 10
Vitality of Seeds 1844 2
Vitality of Seeds 1846 7
Marine Zoology of Cornwall 10
Marine Zoology of Britain ... 10
Exotic Anoplura 1844 26
Expenses attending Anemo-

1847.

Computation of the Gaussian
Constants for 1829 60

Habits of Marine 'Animals ... 10
Physiological Action of Medi-

cines 20
Marine Zoology of bofnwall IQ®
Atmospheric Waves 6
Vitality of Seeds 4
Maintaining the Establish-'

ment at Kew Observatory 107
' £608“

8

0
0
0
0

0
0
7
0
0

0
8
“9

1846. 0

British Association Catalogue “ '

of Stars l‘H4 211 16 0
Fossil Fishes of the London

Clay 100 0 0
Computation of the Gaussian

Constants for 1829 6 0 0
Maintaining the EstfbUsh-
ment at Kew Observatory 146

Strength of Materials' 60
Researches in Asphyxia 6

16 7
0 0
16 2
0 p
16 10
12 3
0 0
0 0
0 0

8 7 3 meters 11 7 6

15 0 0 Anemometers’ Repairs.. 2 3 8
100 0 0 Atmospheric Waves 3 3 3

Captive Balloons .1844 8 19 8
100 0 0 Varieties of the Human Race ' «

10 0 0 1844 7, 6 »
Statistics of Sickness and

60 0 0 Mortality in York 12 B; 0
£686 16 0

(T

0

0
0
9
7

8

0
0

0
0,

8
7

6

1
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£ 8. d.

1848.

Maintaining the Establis]j|i-

ment at Kew Observatory^ 171 16 11
Atmoi^eric Waves 3 10 9
Vitality of Seeds 9 16 , 0
Completion of Catalogue of

'mars ....f 70 0 0
On Colouring letters 6 0 0
On Growth of Plants 16 0 0

£27B life's

1849.

Electrical Observations at

Kew Observatory 60 0 0
Maintaining the Establish-

ment at ditto 7^" 2 5
Vitality of Seeds 6 8 1

0%Growth of Plants 6^ 0 0
Begistration of Periodical

Phenomena 10 0 0
Bill on Account of Anemo-

metLical Observations 13 9 0

£169 19~6

1860.

Maintaining the Establish-

ment at Kew Observatory 266 18 0
Transit of Earthquake Waves 60 0 0
Periodical Phepomena 16 0 0
Meteorological Instruments,

Azores.. *26. 0 0

MU 18 0

1861.

Maintaining the Establish-

ment at Kew Observatory
(includes part of grant in

’ 1849) 309 2 2
Theory of Heat 20 1 1

Periodical Phenomena of Ani-

mals and Plants 6 0 0
Vitality of Seeds 6 6 4

Hifluence of Solar Kadiation 30 0 0
Ethnological Inquiries 12 0 0
Beseaxches on Annelida 10 0 0

“£391 9 7

1862.

Maintaining the Establish-

«ment at Kew Observatory

(i^luding balance of grant

for I860).,.... 233 17 8

Experiments on the Conduc-
tion of Heat, 6 2 9

Influence of Solar Badiations 20 0 0

Geological Map of Ireland ... 16 0 0

Beseardies on the British An- ,

nelida 1^^ 0 0

Vitality of Seeds 10 6 2

StJrength of Boilerplates 10 0 0
‘ “2304 6 7

£ «. d,
1853.

Maintaining the Smablish-
ment at Kew Obsei^atory 166 0 0

Experiments on the li^fluence

of^Solar Badiation 16 0 0
Besearches on the British

Annelida.... 10 0 0
Dredging on the East Coast

of Scotland 10 0 0
Ethnological Queries 6 0 0

>

' £205 0 0
• 1864.

Maintaining the Establish-

ment at Kew Observatory
(including balance of

former grant) 330 16 4
Investigations on Flax 11 0 0
Effects of Temperature on
Wrought Iron 10 0 0

Registration of Periodical

Phenomena 10 0 0
British Annelida 10 0 0
Vitality of Seeds 6 2 3
Conduction of Heat 4* 2 0

£380 19 7

1866.

Maintaining the Establish-

ment at Kew Observatory 426 0 0
Earthquake Movements 10 0 0
Physical Aspect of the Moon 11 8 6

Vitality of Seeds 10 7 11

Map of the World 16 0 0
Ethnological Queries 6 0 0
Dredging near Belfast 4 0 0

£480 16* 4

1856.

Maintaining the Establish-

ment at Kew Observa-
tory :

—

1864 ...£ 76 0 OT rvr a a
1866 £600 0 0/

^ ®

Strickland’s Ornithological

Synonyms 100 0 0
Dredging and Dredging
Forms 9 13 0

Chemical Action of Light ... 20 0 0
Strength of Iron Plates 10 0 0
Begistration of Periodical

Phenomena 10 0 0
Propagation of Salmon 10 0 0

£734 13 9

1867.

Maintaining the Establish-

ment at Kew Observatory 360 0 0

Earthquake Wave Experi-

ments 40 0 0

Dredging near Belfast 10 0 0
Dredging on the West Coast

of Scotland 10 0 0
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1888.

£ t» £•

Investif^tions into the Mol-
Insca of California 10 0 0

Experiments on Flax 6 0 0

Katnral History of Mada-
gascar 20 0 0

Bedearches on British Anne-
lida 26 0 0

Beport on Natural Products
imported into Liverpool ... 10 0 0

Artificial Propagation of Sal-

mon 10 0 0
Temperature of Mines • 7 8 0
Thermometers for Subterra-

nean Observations 6 7 4

Life-boats 5 0 0

£607 16 4

1868.

Maintaining the Establish-

ment at Kew Observatory 600 0 0
Earthquake Wave Experi-
ments 26 0 0

Dredging on the West Coast
of Scotland 10 0 0

Dredging near Dublin 6 0 0
Vitality of Seeds 6 6 0
Dredging near Belfast * 18 13 2
Report on the British Anne-

lida 26 0 0
Experiments on the produc-

tion of Heat by Motion in

Fluids 20 0 0
Beport on the Natural Pro-

ducts imported into Scot-

land 10 0 0

£618 18 2

1869.
Maintaining the Establish-
ment at Kew Observatory 600 0 0

Dredging near Dublin 15 0 0
Osteology of Birds 60 0 0
Irish Tunicata 6 0 0
Manure Experiments 20 0 0
British Medusidas 6 0 0
Dredging Committee 6 0 0
Steam-vessels’ Performance... 6 0 0
Marine Fauna of South and
West of Ireland 10 0 0

Photographic Chemistry 10 0 0
Lanarkshire Ifossils 20 0 1
Balloon Ascents 39 11 0

, £684 11 1

1860.
——

—

Maintaining the Establish-
ment at Kew Observatory 600 0 0

Dredging near Belfast 16 6 0
Dredging in Dublin Bay 16 0 0
Inquiry Into the Pei^ormance

of Steam-vessels 124 0 0
Explorations in the Yellow
Sandstone of Dura Den 20 0 0

• £ «. £.

Chemico-mechanical Analysis
,

of Bocks and Minerals 26 0 0
Researches on the Growth of

Plants 10 O p
Researches on the Solubility

of Salts 80 0 0
Researcheson theConstituents r

of Manures ^ 25 0 0
Balance of Captive Bidloon
^Accounts 1 13“ 6

IW 6

1861.

Maintaining the Establish-
ment of Kew Observatory., 600.

Dredging North and East

Dredging Committee
1860 £60 0
1861 £22 0 2 }

0 0
25 0 0

23 0 0

72 0 0

20 0 0
20 Q 0

Steam-vessel'Performance ... 160 0 0
FosMls of Lesmabt^o 16 0 0
Explorations at TJriconium ... 20 0 0
Chemical Alloys 20 0 0
Classified Index to the Trans-

actions 100 0 0
Dredging in the Mersey and
Dee ..^ 6 0 0

Dip Circle 30 0 0
Photoheliographic Observa-

tions 50 0 0
Prison Diet 20

,
0 0

Gauging of Water 10 0 0-

Alpine Ascents 6 6 10
Constituents of Manures 25 0 0

£1111 6 10

1862. *

Maintaining the Establish-
ment of Kew Observatory 600 0 0

Patent Laws 21 6 0
Mollusca of N.-W. of America 10 0 0
Natural Historyby Mercantile
Marine 6 0 0

Tidal Observations 26 0 0
Photoheliometer at Kew 40 0 0
Photographic Pictures of the
Sun 160 0,^ 0

Bocks of Donegal..... 25^ 0 0
DredgingDurham and North- v
umberland 26 0 0

Connexion of Storms 20 ‘ 0 0
Dredging North-east Coast

of Scotland
. 0 9 6

Baggages of Teredo 8 11 6
Standards of Electrical Re-

sistance 60 0 ' 0
Railway Accidents 10 P

;
0

Balloon Committee ........ ...t 2P0 6 '.P

Dredging Dublin Bay ......... 1\^ 0 0



GENEBAL STATEMENT. iz^iz

£ 9. d.

Dredgilig the Mersey 6 0 0
Prison Diet 20 0 0
Ganging of Water 12 10 0
Steamships* Performance 160 0 0
Thermo-Electric Currents ... 6 0 0

£1293 1 6 6

1863.

Maintaining the Establish- ^
sent of Kew Observatory... 600 0 0

Balloon Committee deficiency 70 0 0
Balloon Ascents (other ex-

penses) 25 0 0
Entozoa 25 0 0
Coal Fossils 20» 0 0
Herrings 20 0 0
Granites of Donegal 0
Pr»DnDieb ?. 20 0 0
Vertical Atmospheric Move-
ments 1.^ 0 0

Dredgjpg Shetland 50 0 0
Dredging North-east coast of

Scotland 25 0 0
Dredging Northumberland
and Durham 17 3 10

DredgingCommittee superin-

tendence 10 0 0
Steamship Performance 100 0 0
Balloon Commfttee 200 0 0
Carbon under pressure • 10 0 0
Volcanic Temperature 100 0 0
Bromide of Ammonium 8 0 0
Electrical Standards 100 0 0
Electrical Construction, and

Distribution 40 0 0
Luminous Meteors 17 0 0
Kew Additional Buildings for

Photoheliograph 100 0 0
Thermo-Electricity 15 0 0
Analysis of Bocks 8 0 0
Hydroida 10 0 0

£1608 3 10

1864.
Maintaining the Establish-

m^i^t of Kew Observatory..

Coal Fossils

Vertical Atmospheric Move-
ments

BVedging Shetland
Dred^ng Northumberland ...

Balloon Committee
Carbon under pressure
Standards of Electric Be-

sistance

Analysis of Bocks
Blydroida
Askham's Gift
l^it^te of Amyle
l^omandatuce Commute^ ...

Baipi-Oauges
Oast-Xroh Investigation

£ «. £.

Tidal Observations « in the
Humber 60 0 0

Spectral Bays 45 0 0
Luminous Meteors 20 0 0

£1289 16 8

1865.
mmmmmMMMM

Maintaining the Establish-

ment of Kew Observatory.. 600 0 0
Balloon Committee 100 0 0
Hydroida 13 0 0
Bain-Gadgcs 30 0 0
Tidal Observations in the
Humber 6 8 0

Hexylic Compounds 20 0 0
Amyl Compounds 20 0 0
Irish Flora 25 0 0
American Mollusca 3 9 0
Organic Acids 20 0 0
Lingula Flags Excavation ... 10 0 0
Eurypterus 60 0 0
Electrical Standards 100 0 0
Malta Caves Bcsearches 30 0 0
Oyster Breeding 25 0 0
Gibraltar Caves Researches... 160 0 0
Kent’s Hole Excavations 100 0 0
Moon’s Surface Observations 35 0 0
Marine Fauna 26 0 0.

Dredging Aberdeenshire 25 0 0
Dredging Channel Islands ... 60 0 0
Zoological Nomenclature 5 0 0
Resistance of Floating Bodies
in Water 100 0 0

Bath Waters Analysis 8 10 10
Luminous Meteors 40 0 0

£1691 7 10

1866.

Maintaining the Establish-

ment of Kew Observatory. . 600
Lunar Committee 64
Balloon Committee 50
Metrical Committee 50
British Rainfall 50
Kilkenny Coal Fields 16
Alum Bay Fossil Leaf-Bed ... 15

0 0
13
0

4
0

0 0
0 0
0 0
0 0

600 0 0 Luminous Meteors 60 0 0
20 0 0 Lingula Flags Excavation ...

Chemical Constitution of
20 0 0

20 0 0 Cast Iron 60 0 0
76 0 0 Amyl Compounds 26 0 0
26 0 0 Electrical Standards 100 0 0

200 0 0 Malta CavesExploration 30 0 0
10 0 0 Kent’s Hole Exploration

Marine Fauna, dec., Devon
200 0 0

100 0 0 and Cornwall 26 0 0
10 9 0 DredgingAberdeenshire Coast 26 0 0
10^’ 0 0 Dredging Hebrides Coast ... 60 0 0
60 0 0 Dredging the Mersey 6 0 0
10 0 0 Resistance of Floating Bodies

6 0 0 in Water 60 0 0
19 16 8 Polycyanidesof OrganicBadi-
20 0 0 cals 29 0 0



zo REPORT—1888.

£ St Am

Rigor Mortis .t; 10 0 0
Irish Annelida * 15 0 0
Catalogue of Crania 60 0 0
Didine Birds of Mascarene

Islands 50 0 0
Typical Crania Researches ... 30 0 0
Palestine Exploration Fund... 100 0 0

Irm 13~ 4

1867. ,

Maintaining the Establish-

ment of Kew Observatory.. 600 . 0 0
Meteorological Instruments,

Palestine 60 0 0
Lunar Committee 120 0 0
Metrical Committee 30 0 0
Kent’s Hole Explorations ... 100 0 0
Palestine Explorations 60 0 0
Bisect Fauna, Palestine 30 0 0
British Rainfall 60 0 0
Kilkenny Coal Fields 26 0 0
Alum Bay Fossil Leaf-Bed ... 25 0 0
Luminous Meteors 60 0 0
Bournemouth, &c., Leaf-Beds 30 0 0
Dredging Shetland 76 0 0
Steamship Reports Condensa-

tion 100 0 0
Electrical Standards 100 0 0
Ethyl and Methyl series 26 0 0
Fossil Crustacea 26 0 0
Sound under Water 24 4 0
North Greenland Fauna 76 0 0

Do. Plant Beds 100 0 0
Iron and Steel Manufacture... 25 0 0
Patent Laws 30 0 0

£1739 4
'

0

1868.

Maintaining the Establish-

ment of Kew Observatory. . 600 0 0
Lunar Committee 120 0 0
Metrical Committee 60 0 0
Zoological Record 100 0 0
Kent’s Hole Explorations ... 160 0 0
Steamship Performances 100 0 0
British Rainfall ...; 60 0 0
Luminous Meteors 60 0 0
Organic Acids 60 0 .0
Fossil Crustacea 26 0 0
Methyl Series 25 0 0
Mercu^ and Bile 25 0 0
Organic Remains in Lime-
stone Rocks 26 0 0

Scottish Earthquakes 20 0 0
Fauna, Devon and Cornwall.. 30 0 0
British Fossil Corals 60 0 0
Bagshot Leaf-Beds 50 0 0
Greenland Explorations 100 0 0
Fossil Flora 26 0 0
Tidal Observations 100 0 0 •

Underground Temperature... 60 0 0
Spectroscopic Investigations

of Animal Substances 6 0 0

£ St At

Secondary Reptiles, Sco ^ 0 0
British IVfaPine Invertebrate

Fauna 100 0 0

£1940 0 0

1869.

Maintaining the EAablish-
ment of Kew Observalbry. , 600 0 0

Lunar Committee 60 0 0
Metrical Committee ; 26 0 0
Zoological Record 100 0 0
Committee on Gases in Deep-

well Water 25 0 0
British Rainfall 60 0 0
Thernw,! Condu6tivity of Iron,

&c? 30 0 0
Kergi’s Hole Explorations 160 0 0
Steamfihip Performp^nces 80 JP 0
Chemical Constitution of

Cast Iron 80 0 0
Iron and Steel Manufacture 100 0 0
Methyl Series

i?
^

Organic Remains in Lime--
*’

Earthquakes in Scotland 10 0 0
British Fossil Corals 60 0 0
Bagshot Leaf-Beds 30 0 0
Fossil Flora 26 0 0
Tidal Observations 100 0 0
Underground Temperature... 30 0 0
Spectroscopic Investigations

of Animal Substances 6 0 0
Organic Acids 12 0 0
Kiltorcan Fossils 20 0 0
Chemical Constitution and

Physiological Action Rela-

tions 16 0 0
Mountain Limestone Fossils

.
26 0 0

Utilization of Sewage 10. 0 0
Products of Digestion 10 0 0

£1622 0 0

1870.

Maintaining the Establish-

ment of Kew Observatory 600 0 0
Metrical Committee 26 0 0
Zoological Record 100 0 0
Committee on Marine Fa.una 20 0 0
Ears in Fishes 10 0 0
Chemical Nature of Cast Iron 80 0 0
Luminous Meteors 30 u 0
Heat in the Blood. l8 0# 0
British Rainfall...... 100 0 0
Thermal Conductivity of

Iron, &c 20 0 0
British Fossil Corals 60^0 0
Kent’s Hole Explorations ... 160 0 0
Scottish Earthquakes ......... 4 0 0
Bagshot Leaf-Beds ............ 16 0 0
Fossil Flora ’ ,0 , 0
Tidal Observftibnaf 100 0 0
Underground Temperature ... <60 0 0
Kiltorcan Quarries Fossils ... 20 0 0'



£ s. d.

Momit^n Limestone Fossils 25 0 0
Utilization of Sewage f.A 60 0 0
Organic Chemical Compounds 30* 0 0
Onny Biver Sediment 3 0 0
Mechanical Equivalent of

•Heat ^ 60 0 0

£1572 0 0

1871.

Mlintaining the Establish-

ment of Kew Observatory 600 0 0
Monthly Reports of Progress

in Chemistry 100 0 0
Metrical Committee ^ 0 0
Zoological Record....; 100 P 0
Thermal Equivalents of the

Pxides of Chloriqe 10^ 0 0
Ti^ Observations 100 0 0
Fossil Flora 26 0 0
Luminous Meteors 30 0 0
British Fossil Corals 25 0 0
Hdat in the Blood 7 2 6
British Rainfall '60 0 0
Kent’s Hole Explorations ... 150 0 0
Fossil Crustacea 25 0 0
Methyl Compounds 25 0 0
Lunar Objects 20 0 0
Fossil Coral ^Sections, for

Photographing 20 0 0
Bagshot Leaf-Beds ..t ..* 20 0 0
Moab Explorations 100 0 0
Gaussian Constants 40 0 0

£1472 2 6

1872.

Maintaining the Establish-

ment of Kew Observatory 300 0 0
Metrical Committee 76 0 0
Zoological Record 100 0 0
Tidal Committee 200 0 0
Carboniferous Corals 26 0 0
Organic Chemical Compounds 26 0 0
Exploration of Moab 100 0 0
Terato-Embryological Inqui-

<, ries 10 0 0
Kent’s Cavern Exploration... 100 0 0
Luminous Meteors 20 0 0
Heat in the Blood.. 15 0 0
Fossil Crustacea 25 0 0
Fossftl Elephants of Malta ... 25 0 0
ljunar Objects 20 0 0
Ihvdrse Wave-Lengths 20 0 0
British Rainfall 100 0 0
Poisonous Substances Antago-

nism.. 10 0 0
Essential Oils, Chemical Con- •

*

,
stitution, &c 40 0 0

Mathematical Tables 50 0 0
lEliennal CSonductivity of Me-

taK, 26 0 0

£1285 O' d

STATEMENT. XOl

• £ i. d.

I8?3.

Zoological Record 100 0 0
Chemistry Record 200 0 0
Tidal Committee 400 0 0
Sewage Committee 100 0 0
Kent’s Cavern Exploration... 160 0 0
Carboniferous Corals 26 0 0
Fossil Elephants 26 0 0
Wave-Lengths 150 0 0
British Rainfall 100 0 0
Essentisil Oils 30 0 0
Mathematical Tables 100 0 0
Gaussian Constants 10 0 0
Sub-Wealden Explorations... 26 0 0
Underground Temperature ... 160 0 0
'Settle Cave Exploration 60 0 0
Fossil Flora, Ireland 20 0 0
Timber Denudation and Rain-

fall 20 0 0
Luminous Meteors 30 0 0

£1686 0 0

1874.
wamammmm

Zoological Record 100 0 0
Chemistry Record 100 0 0
Mathematical Tables 100 0 0
Elliptic Functions 100 0 0
Lightning Conductors ......... 10 0 0
Thermal Conductivity of
Rocks 10 0 0

Anthropological Instructions,

&c 60 0 0
Kent’s Cavern Exploration... 160 0 0
Luminous Meteors 30 0 0
Intestinal Secretions 16 0 0
British Rainfall 100 0 0
Essential Oils 10 0 0
Sub-Wealden Explorations ... 25 0 0
Settle Cave Exploration 60 0 0
Mauritius Meteorological Be-
search 100 0 0

Magnetization of Iron 20 0 0
Marine Organisms 30 0 0
Fossils, North-West of Scot-

land 2 10 0
Physiological Action of Light 20 0 0
Trades Unions .; 26 0 0
Mountain Limestone-Corals 25 0 0
Erratic Blocks 10 0 0

5

0
6

0
0
0

Dredging, Durham and York-
shire Coasts 28

High Temperature of Bodies 30
Siemens’s Pyrometer 3
Labyrinthodonts of Coal-

Measures 7 15 0

£1161 16 0
amrnmimSBmsmSm

1876.

Elliptic Functions 100 0 0
Magnetization of Iron 20 0 0
British Rainfall. 120 0 0
Luminous Meteors 30 0 0
Chemistry Record 100 0 0



XCii REfOBT

£ i. d.

Specific Volume of liquids... 25 0 0
Estimation of Potash and

I^osphoric Acid 10 0 0
Isometric Cresols 20 0 0
Sub-Wealden Explorations ... 100 0 0
Kent’s Cavern Exploration... 100 0 0
Settle Cave Exploration 50 0 0
Earthquakes in Scotland 15 0 0
Underground Waters 10 0 0
Development of Myxinoid

Fishes ^0 0 0
Zoological Record 100 0 0
Instructions for Travellers ... - 20 0 0
Intestinal Secretions 20 0 0
Palestine Exploration 100 0 0

£960 0 0

1876.

Printing Mathematical Tables 159 4 2
British Bainiall iOO 0 0
Ohm’s Law 9 15 0
Tide Calculating Machine ... 200 0 0
Specific Volume of Liquids... 25 0 0
Isomeric Cresols 10 0 0
Action of Ethyl Bromobuty-

rate on Ethyl Sodaceto*
acetate 5 0 0

Estimation of Potash and
Phosphoric Acid 13 0 0

Exploration of Victoria Cave,
Settle 100 0 0

Geological Record 100 0 0
Kent’s Cavern Exploration... 100 0 0
Thermal Conductivities of
Rocks 10 0 0

Underground Waters 10 0 0
Earthquakes in Scotland 1 10 0
Zoological Record 100 0 0
Close Time 5 0 0
Physiological Action of Sound 25 0 0
Zoolo^cal Station 75 0 0
Intestinal Secretions 15 0 0
Physical Characters of Inha-

bitants of British Isles 13 16 0
Measuring Speed of Ships ... 10 0 0
Effect of ^opelleron turning

of Steam Vessels 5 0 0

£1092 4 2

1877.
Liquid Carbonic Acids in

Minerals 20 0 0
Elliptic Functions 250 0 0
Thermal Conductivity of
Books 9 11 7

Zoological Record 100 0 0
Kent’s Cavern 100 0 0
Zoological Station at Naples 76 0 0
Luminous Meteors 30 0 0
Elasticity of Wires 100 0 0
Diptexocarpse, Report on 20 0 0

1888.

Mechanical Equivalent of
Heat a.e 35 0 0

Double Compounds of Cobalt
and Nickel 8 0 0

Underground Temperatures 60 0 0
Settle Cave Exploration 100 0 0
Underground Waters i#New V*
Red Sandstone .f... 10 0 0

Action of Ethyl Bromobuty-
fate on Ethyl Sodaceto-

^
acetate 10 0*0

British Earthworks 26 0 0
Atmospheric Elasticity in

India '16 0 0
Developtnent of Light from

Coal-gas 20 0 0
Estimiktion of Potash and
Phosphoric Acid...A 1 18<^0

Geological Record 100 *0 0
Anthropometric Committee 34 0 0
Physiological Action of Phos-
phoric Acid, &c 15« 0 0

£^128 9 7

1878.
Exploration of Settle Caves 100 0 0
Geological Record 100 0 0
Investigation of Pulse ]?heno-
mena by means of Syjfiion .

»

Recordes 10 0 0
Zoological Station at Naples 75 0 0
Investigation of Underground
Waters 15 0 0

Transmission of Electrical
Impulses through Nerve
Structure 30 0 0

Calculation of Factor Table
of Fourth Million 100^ 0 0

Anthrojpometric Committee... 66 0 0
Chemical Composition and

Structure of less known
Alkaloids 25 0 0

Exploration of Kent’s Cavern 50 0 0
Zoological Record 100 0 0
Fermanagh Caves Exploration 15 0 0
Thermal Conductivity of •
Rocks 4 l6 6

Luminous Meteors 10 0 0
Ancient Earthworks 25 0 0

£725 16 *6

1879.
--•

Table at the Zoological
Station, Naples 7A 0 0

Miocene Flora of the Basalt
of the North of Ireland ... 20 (T 0

Illustmtions for a Monograph
tlir

^ ^ m ^

Record of Zoological Litera-

Composition ana Structuie of o '

\ i

' ’

less-known Alkaloids ^5 6 .0



GBMSRAL STATEMENT. ZClll

£ $»

Exploration of Caves in

Borneo 60 0 0
Kent’s Cavern Exploration 100 0 0
Beoord of the Progress of

Geology 100 0 0
Fermanagh Caves Exploration 6 0 0
Mectrolysis of Ifetallic Solu>

tions andu Solutions of

Compound Salts 26 0 0
Anthropometric Committee... 60 0 0
NAtural History of Socotra ... 1.00 0 0
Calculation of Factor Tables

for 5th and 6th Millions ... 150 0 0
Circulation of Underground
Waters 10 0 0

Steering of Screw Steamers... 10 0 0
Improvements in Astrono-

^nical Clocks ....i. 3d* 0 0
M^ine Zoology *of South
Devon 20 0 0

Determination of Mechanical
Equivalent of Heat 12 15 6

Speciiic Inductive Capacity

of Sprengel Vacuum 40 0 0
Tables of Sun-heat , Co-

efficients 30 0 0
Datum Levelpf the Ordnance
Survey 10 0 0

Tables of F^damental In-

variants ofAgebraic Forms. 36 14 9

Atmospheric Electricity Ob**

servations in Madeira lo' 0 0
Instrument for Detecting '

Fire-damp in Mines 22 0 0
Instruments for Measuring

' the Speed of Ships 17 1 8

TidAl Observations in the

English Channel 10 0 0

/1080 11 11

^
1880.

Hew Form of High Insulation

Key 10 0 0
Underground Temperature ... 10 0 0
Determination of the Me-

chanical Equivalent . of

Heat 8 6 0
Elasticity of Wires 50 0 0
Luminous Meteors 30 0 0
|junar Disturbance of Gravity 30 0 0
Fai)(tomental Invariants 8 6 0
*^ws of Water Friction 20 0 0
Specifio ' Inductive - Capacity

oi Sprengel Vacuum 20 0 0
Completion of Tables of Sun-
«heat Coefficients *1 60 0 0

Instminent for Detection of ^

Fire-damp in Mines 10 0 0
Induoiive Capacity of Crystals

' and Pa]|^iG0Qe8 4 17 7
Beport on Carboniferous

IHjQ^Boa 10 0 0

£ ». d.

Caves of South Ireland ...... 10 0 0
Viviparous Nature of*Ichthyo-

saurus 10 0 0
Kent’s Cavern Exploratibn... 50 0 0
Geological Becord 100 0 0
Miocene Flora of the Basalt

of North Ireland 16 0 0
Underground Waters of Per-
mian Formations 6 0 0

Becord. of Zoological Litera-

ture 100 0 (K

Table at Zoological Station
at’Naples 75 0 0

Investigation of the Geology
and Zoology of Mexico 50 0 0

Anthropometry 60 0 0
Patent Laws 6 0 0

£731 7 7

1881.

Lunar Disturbance of Gravity 30 0 0
Underground Temperature ... 20 0 O
High Insulation Key 6 0 0
Tidal Observations 10 0 0
Fossil Polyzoa 10 0 0
Underground Waters 10 0 0
Earthquakes in Japan 25 0 0
Tertiary Flora 20 0 0
Scottish Zoolopcal Station ... 60 0 0
Naples Zoological Station ... 75 0 0
Natural History of Socotra ... 60 0 0
Zoological Becord.. 100 0 0
Weights and Heights of
Human Beings .30 0 0

Electrical Standards 25 0 0
Anthropological Notes and

Queries 9 0 0
Specific Befractions 7 3 1

£476 3 1

1882.

Tertiary Flora of North of
Ireland 20 0 0

Exploration of Caves of South
of Ireland 10 0 0

Fossil Plants of Halifax 15 0 0
Fundamental Invariants of

Algebraical Forms 76 1 11
Becord of Zoological Litera-

ture 100 0 0
British Polyzoa 10 0 0
Naples Zoological Station ... 80 0 0
Natural Historyof Timor-laut 100 0 0
Conversion of Sedimentary

Materials into Metamoiphio
Bocks 10 0 0

Natural History of Socotra... 100 0 0
Circulation of Underground

Waters... 15 0 0
Migration of Birds 15 0 0
Earthquake Phenomena of
Japan 25 0 0



XCIV REPORT—1888.

£
25Geological Map of Europe ...

Elimination of Nitrogen by
Bodily Exercise 60 0

Anthropometric Committee... 60 0
Photographing Ultra-Violet

Spark Spectra 26 0
Exploration of Raygill Fis-

sure 20 0
Calibrationof Mercurial Ther-

mometers 20 0
Wave-length Tables of Spec-
tra of Elements 50 0

Geological Record 100 *0

Standards for Electrical

Measurements 100 0
Exploration of Central Africa 100 0
Albuminoid Substances of
Serum 10 0

d.

0

0
0

0

0
r

0

0
0

0
0

0

£1126 1 11

1883.

Natural History of Timor-laut 60
British Fossil Polyzoa 10
Circulation of Underground
Waters 16

Zoological Literature Record 100
Exploration of Mount Kili-

ma-hjaro 500
Erosion of Sea-coast of Eng-

land and Wales 10
Foqsil Plants of Halifax 0
Elimination of Nitrogen by

Bodily Exercise 38
Isomeric Naphthalene Deri-

vatives 15
Zoological Station at Naples 80
Investigation of Loughton
Camp 10

Earthquake Phenomena of

Japan 60
Meteorological Observations
on Ben Nevis 60

Fossil Phyllopoda of Palajo-

zoic Rocks 26
Migration of Birds 20
Geological Record 60
Exploration of Caves in South
of Ireland 10

Scottish Zoological Station ... 25
Screw Gauges 6

0
0

.0

0

0
0

3 3

0
0

0

0

0

0
0
0

0
0
0

0
0

0

0

0

0
0

I

0

0
0
0

Coagulation of Blood 100
Naples. Zoological Station ... 8(7
Bibliograpliy* of Groups of

Invertebrata 60
Earthquake Phenomena of
Japan 75

Fossil Phyllopoda of >al»o-
zoic Rocks 16

Meteorological Observatory at
Chepstow 26

MSgration of Birds 20
Collecting and Investigating

^

Meteoric Dust 20
Circulation of Underground
Waters 6

Ultra-Ytolet Spark Spectra ... 8
Tidal Observations 10
Meteorological Observations
on Ben Nevis a 60

0
0

0

0

a,

0
0

0

0

0*0

0 0
0. 0

0 0

0
4
0

0'

0
0

0a> 0

£1173 4 0

£1083 3 3

1884.
Zoological Literature Record 100 0
Fossil Polyzoa 10 0
Exploration of Mount Eili-

ma-njaro. East Africa 6OO 0
Authropometric Committee.... 10 0
Fossil Plants of Halifax 16 0
International Geological Map 20 0
Erratic Blocks of England ... 10 0
Natural History of Timor-laut 60 0

1886. »
Zoological Literature Record. 100 O^^O

0 Vapour Pressures, See., of Salt

0 Solutions 26 0 0
Physical Constants of Solu-

0 0 I

tions 20 0 0
Recent Polyzoa 10 0 0

0 Naples Zoological Station* ... 100 0 0
0 Exploration of Mount Kilima-

njaro .• 26 0 0
Fossil Plants of British Ter-

tiary and Secondary Beds . 60 0 0
Calculating Tables in Theory ^

of Nunibers...; 300 0 0
Exploration of New Guinea... 200 0 0
Exploration of Mount Ro-
raima 100 0 0

Meteorological Observations
on Ben Nevis 60 0 0

Volcanic Phenomena of Vesu-
vius 26 0 0

Biological Stations on Coasts
of United Kingdom 160 0 0

Meteoric Dust 70 0 0
Marine Biological Station at
Granton 100 p 0

Fossil Phyllopodaof Palaeozoic
Rocks 26 0

Migration of Birds SO 0
Synoptic Chart of Ihdian
Ocean 60 9

Circulation of Underground
Waters 10 0 '0

Geological Record 6Q 0 0
Reduction of Tidal Observa-

tivis 10
Earthquake Phenomena of
Japan 70

Raygill Fissure 16

£i886“

0
4>

0
0

0
0
0
0
0
0

0 0

0 0
0 0
0 0



GENERAL STATEMENT.

1886.

Zoological Literature Record

.

Bxploxittion of New Guinea...

Secretion of Urine
Eesearches in Food-Fishes and

Invertebrata at St. Andrews
Siectrioal Standards
Volcanic Phenomana of Vesu-

vius
Naples Zoologftal Station

Meteorological Observations

gn Ben Nevis
Prehistoric Race in Greek

Islands

North-Western Tribes of Ca-

nada
Fossil Plants of British Ter-

tiary and Secondary Beds...

Regulation of Wages under
^Sliding Scales .If..

Exploration of Oaves in North
Wales

Migration of Birds

Geplo^cal Record
Chemical Nomenclature ......

Fossil Phyllbpoda ofPalasozoic

Rocks
Solar Radiation
Mt^netic Observations

Tidal Observations
Marine Biologteal Station a1

Granton
Physical and Chemical Bedr«

ings of Electrolysis

1887.

Standards of Light (1886
grant)

Sileht Discharge of Elec-

tricity

Exploration of Cae Gwyn
Cave, North Wales

Investigation of Lymphatic
System

Granton Biological Station...

Me

inflv^nce of Silicon on Steel

Plymouth Biological Station

Naples Biological Station ...

Volcanic Phenomena of Vesu-

Microscopio Structure of the

Frehistorid' Race of Ureek

£ t. d.

100 0 0
160 0 0
10 0 0

76 0 0
40 0 0

30 0 0
60 0 0

100 0

20 0 0

60 0 0

20 0 0

10 0 0

26 0 0
30 0 0
100 0 0

6 0 0

16 0 0
9 10 6

10 10 0
60 0 0

!«76 0 0

26 0 0

£9d5 0 6

60 0 0

20 0 0

20 0 0

20 0 0

25 0 0
76 0 0
100 0 0
76 0 0
20 0 0
30 0 0
60 0 0
100 0 0

20 0 0
10 D 0

10 0 0
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General Meetings,

On Wednesday, September 5, at 8 p.m., in the Drill Hall, Sir H. E.
Roscoe, M.P., D.C.L., LL.D.,.Ph.D., F.R.S., F.C.S., resigned the office of
President to Sir F. J. Bramwell, D.C.L., F.R.S., M.Inst.C.E.^ who took
the Chair, and delivered an Address, for which see page 1.

On Thursday, September 6, at 8.30 p.m., a Soiree took place in the
Assembly Rooms.

On Friday, September 7, at 8.30 p.m., in the Drill Hall, Professor

W, E. Ayrton, F.R.S., delivered a Discourse on ‘ The Electrical Trans-
mission of Power.* •

On Monday, September 10, at 8.30 p.m., in the Drill Hall, Pro-
fessor T. G. Bonney, D.Sc., LL.D., F.R.S., P.S.A., F.G.S., delivered a
Discourse on ‘ The Foundation Stones of the Earth’s Crust.*

On Tuesday, September 11, at 8 p.m., a Soiree took place in the
Assembly Rooms.

On Wednesday, September 12, at 2.30 p.m., in the Assembly Rooms, the
concluding General Meeting took place, when the Proceedings of the
General Committee and the Grants of Money for Scientific purposes
were explained to the Members.

The Meeting was then adjourned to Newcastle-upon-Tyne. [The
Meeting is appointed to commence on Wednesday, September 11, 1889.]







ADiLBESS

BY

SIE FEEBERICK BEAMWELL,

D.C.L., F.R.S,, M.Inst.C.E.,

PRESIDENT.

The late Lord Iddesleigh delighted an audience, for a whole evening,

by an address on ‘Nothing.* Would that I had his tp^nts, and could

discourse to jqga. as charmingly as he did to his audie* but I dare not

try to talk about ‘ Nothing.! I do however propose, as one of the two

sections of my Address, to dibcourse to you on the importance of the

‘ Next-to-Nothing.* The other section is far removed from this micro-

scopic quantity, as it will embrace the ‘ Eulogy of the Civil Engineer

and will point out' the value to science of his works.*

I do not intend to follow any system in dealing with these two

sections. I shall not even do as Mr. Dick, in ‘ David Copperfield,* did

—

have two papers, to one of which it was suggested he should confine his

Memorial and his observations as to King Charles’s head. The result is,

you will find, that the importance of the next-to-nothing, and the lauda-

tion of the Civil Engineer, will be mixed up in the most illogical and

haphazard way, throughout my Address. I will leave to such of you as

are of orderly minds, the task of rearranging the subjects as you see fit,

but I trust—arrangement or no arrangement—that by the time I have

brought my Address to a conclusion, I shall have convinced you that

there /s ho man who more thoroughly appreciates the high importance

of’^the ‘ next-to-nothing,* than the Civil Engineer of the present day, the

object of my eulogy this evening.

If I may be allowed to express the scheme of this Address in modem

muslbal language, I will say t^ai the ‘ next-to-nothing
*

‘ motive * ^yill

commonly usher in the ‘ praise-song * of the Civil Engineer
;
and it seems

to njLe \^1 do this very fitly, for in many cases it is by the patient and

difionminating attention paid to the effect of the ‘ ^ext-to-nothing
^
that

b2
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the Civil Engineer of the present day has achieved some of the labours

of which I now Vish to speak to you.

An Association for the Advancement of Science is necessarily one of

such broad scope in its objects, and is so thoroughly catholic as regards

Science, that the only possible way in which it can carry out those

objects at all, is to segregate its members into various ^bsidiary bodies,

or sections, engaged on particular branches of Science. E^en when this

division is resorted to, it is a hardy thing to say that every conceivable

scientific subject can be de^lt with by the eight Sections of the British

Association. Nevertheless, as* we know, for fifty-seven years the Asso-

ciation has carried on its labours under Sections, and has earned the

right to say that it has done good service to all branches of Science.

Composed, as the Association is, of a pnion of separate Sections, it is

only right and according to the fitness of things that, as time goes con,

your Presidents should be selected, in some sort of rotation, from the

various Sections. This year it was felt, by the Council and the Members,

that the time had once more arrived when Section G—the Mechanical

Section—might put forward its claim to be represented in the Presidency

;

the last time on which a purely engineering Member filled the chair

having been at Bristol in 1875, when that position was occupied by ^ir

John Hawkshaw. It is true that at Southampton, in 1882, our lamented

friend, Sir William Siemens, was President, and it is also true that he

was a most thorough engineer and representative of Section G ;
but all

who knew his great scientific attainments will probably agree that, op that

occasion, it was rather the Physical Section A which was represented, than

the Mechanical Section G.

I am aware, it is said, Section G does not contribute much to

pure Science by original research, but that it devotes itself more to the

application of Science. There may be some foundation for this assertion,

but I cannot refrain from the observation, that when Engineers^ such as

Siemens, Rankine, Sir William Thomson, Fairbaim, or Armstrong, make
a scientific discovery. Section A says it is made, not in the capacity

of an Engineer, and, therefore, does not appertain to Section G, but in

the capacity of a Physicist, and therefore appertains to Section A—an

illustration of the danger of a man’s filling two positions, of which the

composite Prince-Bishop is the well-known type. But I am not careful

to labour this point, or even to dispute that Section G does not do mi?ch

for original research. I don’t agree it is a fact, but, for the purposes

this evening, J will concede it to be so. But what then ? This Associa-

tion is for the ‘ Advancement of Science ’—the Advancement be it remem-

bered; and I wish to point out to you, and I trust I shall suc^ceed

in establishing, that for the Advancement of Science it is absolfitely

necessary there should be the Application of Science, and that, therefore,

the Section, which as much as any other (or, to state the fact more truly,

which more than any other) in the Association ctppliea Science, doing
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a very large share of the work of advancing Science, and is fully ei^titled

to be periodically represented in the Presidency of the w5iole Association.

I trust also I shall prove to you that applications of Science, and

discoveries in pure Science, act and re-act the one upon the other.

[ hope in this to carry the bulk of my audience with me, although there

ar6‘ some, I knSw, whose feelings, from a false notion of respect for

Science, would probably find vent in the ‘ toast ’ which one has heard in

another place—this ‘ toast
* being attributed to the Pure Scientist

—

‘ Here’s to the latest scientific discovery : may it never do any good to

anybody !

’

To give an early illustration of this action and re-action, which I con-

tend occurs : take the well-woiwi story of Galileo, Torricelli, and the pump-

,
maker. It is recorded that Galileo first, and his pupil Torricelli afterwards,

wes.e led to investigate the question of atmospheric pressure, by observing

the failure of a pump to raise water by ‘ suction,’ above a certain level.

Perhaps you will say the pump-maker was not applying science, but was

workiiig without science. I answer, he was unknowingly applying it, and

it was from that which arose in this unconscious application that the inind

of the Pure Scientist was led to investigate the subject, and thereupon to

discover the primary fact, of the pressure of the atmosphere, and the

subsidiary fiicts which attend thereon. It may appear to many of you

that the quesMon of the e;rercise of pressure by the atmosphere should

have been so very obvious, that but little merit ought to have accrued to the

discoverer; and that the statement, once made, must have been accepted

almost as a mere truism. This was, however, by no means the case.

Sir Kenelm Digby, in his ‘ Treatise on the Nature of Bodies,’ printed

in 1658, disputes the proposition altogether, and says, in effect, he is

quite sure, the failure of the pump to raise water was due to imperfect

workmanship of some kind or description, and had nothing to do with

the pressure of the air
;
and that there is no reason why a pump should

not suck up water to any height. He cites the boy’s sucker, which, when

applied to a smooth stone, will lift it, and he says the reason why the

stone follows the sucker is this. Each body must have some other body

in contact with it. Now, the stone being in contact with the sucker,

there is no reason why that contact should be broken up, for the mere

purpose of substituting the contact of another body, such as the air. It

sewips pretty clear, therefore, that even to an acute and well-trained

ipindf such as that of Sir Kenelm Digby, it was by no means a truism,

and to be forthwith accepted when once stated, that the rise of water on

this * suction side * of a pump was due to atmospheric pressure. I hardly

nee^ point out that the pump-maker should have been a member of * G.’

Galileo and Torricelli, led to reftect by What they saw, should have been

members of ‘A* of the then ‘Association for the Advancement of

Science.’
^

Buyt, passing away*from the question of the value of the application
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of Science of a date some two and a half centuries ago, let us come a

little nearer to crtir own times.

Electricity—known in its simplest form to the Greeks by the results

arising from the friction on amber, and named therefrom; afterwards

produced from glass cylinder machines, or from plate machines
;
and

produced a century ago by the ‘Influence’ machine—^rem%,ined, as did ^he

discoveries of Volta and Galvani, the pursuit of but a few,*^and even the

brilliant experiments of Davy did not suffice to give very great impetus

to this branch of physical sjpience.

Ronalds, in 1828, construbted an electric telegraph. In 1837 the

first commercial use was made of the telegraph, and from that time

electrical science received an impulse snoh as it had never before ex-

perienced. Further scientific facts were discovered ;
fresh applications

were made of these discoveries. These fresh applicaticns led to renewed

vigour in research, and there was the action and reaction of which I

have spoken. In the year 1871 the Society of Telegraph Engineers was

established. In the year 1861 our own Association had appointed a Com-
mittee to settle the question of electrical standards of resistance, which

Committee, with enlarged functions, continued its labours for twenty

years, and of this Committee I had the honour of being a member. The

results of the labours of that Committee endure (somewhat modified, it is

true), and may be pointed to as one of the evidences of thfe value of the

work done by the British Association. Sindfe Ronalds’s time, how vast

are the advances which have been made in electrical communication of

intelligence, by land lines, by submarine cables all pver the world, and by

the telephone! Few will be prepared to deny the statement, that pure

electrical science has received an enormous impulse, and has been ad-

vanced by the commercial application of electricity to the foregoing, and

to purposes of lighting. Since this latter application, scores, I may say

hundreds, of acute minds have been devoted to electrical science, stimulated

thereto by the possibilities and probabilities of this application.

In this country, no doubt, still more would have been done if the

lighting of districts from a central source of electricity had not been,

since 1882, practically forbidden by the Act passed in that year. This

Act had in its title the facetious statement that it was ‘to facilitate

Electrical Lighting ’—although it is an Act which, even modified as it

has been this year, is still a great discouragement of free enterprise,

and a bar to progress. The other day a member of the House of *Coi;p-

mons was saying to me: ‘ I think it is very much to our discredm in

England that we should have allowed ourselves to be outrun in the dis-

tribution of electric lighting to houses, by the inhabitants of the Uqjited

States, and by those of other countries’* Looking upon him as being

one of the authors of the ‘facetious’ Act, I ,thoug1it it pertinent to

quote the case of the French parricide, who, being asked what he has

to say in mitigation of punishment, pleads, ‘I^ity a poor orphan ’—
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the parAcide and the legislator being both of them authors of con-

ditions of things which they affect to deplore. I will a^y no more on
this subject, for I feel that it would not be right to take advantage of

my position here to-night to urge Political Economy views, which should

be reserved for Section F. I will merely, and as illustrative of my views

of the value of the application of Science to Science itself, say there is

no branch of physics pursued with more zeal and with more happy

results than that of electricity, with its allies, and there is no branch of

Sciehce towards which the public looks with greater hope of practical

benefits
;
a hope that, I doubt not, will be strengthened after we have had

the advantage of hearing one of the ablest followers of that science,

Professor Ayrton, who, on Friday next, has been good enough to promise

to discourse on ‘ The Electrical Transmission of Power.*

.

Pne of the subi^ects which, %is much as (or probably more than) any
other, occupies the attention of the engineer, and therefore of Section G,

is that of (the so-called) Prime Movers, and I will say boldly that, since

the intTKjduction of printing by the use of movable type, nothing has done

so much for civilisation as the development of these machines. Let us

consider these prime movers—and, first, in the comparatively humble

function of replacing that labour which might be performed by the mus-

cular exertion of human beings, a function which at one time was looked

upon by manyjcindly but short-sighted men as taking the bread out of

the mouth of the labourer, (as it was called), and as being therefore

undesirable. I remember revisiting my old schoolmaster, and his saying

to me, shaking his head :
‘ So you have gone the way I always feared you

would, and are making things of iron and brass, to do the work of men’s

hands.*

It must be agreed that all honest and useful labour is honourable, but

when that labour can be carried out without the exercise of any intelli-

gence, one cannot help feeling that the result is likely to be intellectually

lowering. Thus it is a sorry thing to see unintelligent labour, even

although that labour be useful. It is but one remove from unintelligent

labour which is not useful
;

that kind of labour generally appointed

(by means of the tread-wheel or the crank) as a punishment for crime.

Consider even the honourable labour (for it is useful, and it is honest) of

the man who earns his livelihood by turning the handle of a crane, and

cogipare this with the labour of a smith, who, while probably developing

n;jore#energy by the use of his muscles, than is developed by the man

turjnng the cranewhandle, exercises at the same time the powers of

judgment, of eye, and of hand in a manner which I never see without

my admiration being excited. I say that the introduction of prime

movWs as a mere substitute for unintelligent manual labour is in itself a

great aid to civilisation and to the raising of humanity, by rendering it

very difficult, if not impossible, for a human being to obtain a livelihood

by unintelligent work—•the work of the horse in the mill, or of the turnspit.
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But there are prime movers and prime movers—those *of small

dimensions, and employed for purposes where animal power or*human
power might be substituted, and those which attain ends that by no

conceivable possibility could be attained at all by the exertion of muscular

power.

Compare a galley, a vessel propelled by oars, with the^nodem Atlahtic

liner
;
and first let us assume that prime movers are nofi-existent and

that this vessel is to be propelled galley-fashion. Take her length as

some 600 feet, and assume that place be found for as many as 400 oars

on each side, each oar worked by three men, or 2,400 men ;
and allow that

six men under these conditions could develop work equal to one horse-

power : we should have 400 horse-power.,* Double the number of men,

and we should have 800 horse-power, wjth 4,800 men at work, and at

least the same number in reserve, if the journey is to be carried# on

continuously. Contrast the puny result thus obtained with the 19,500

horse-power given forth by a large prime mover of the present day,

such a power requiring, on the above mode of calculation, 117,000

men at work and 117,000 in reserve; and these to be carried in a

vessel less than 600 feet in length. Even if it were possible to carry

this number of men in such a vessel, by no conceivable means could

their power be utilised so as to impart to it a speed of twenty knots

an hour. •

This illustrates how a prime mover may not only be a mere substitute

for muscular work, but may afford the means of attaining an end, that

could not by any possibility be attained by muscular exertion, no

matter what money was expended or what galley-slave suiSering was
inflicted. -

Take again the case of a railway locomotive : from 400 to 600 horse-

power developed in an implement which, even including its tender, does

not occupy an area of more than fifty square yards, and that draws us at

sixty miles an hour. Here again, the prime mover succeeds in doing that

which no expenditure of money or of life could enable us to obtain from
muscular efibrt.

To what, and to whom, are these meritorious prime movers due ? I

answer : to the application of science, and to the labours of the civil

engineer, using that term in its full and proper sense, as embracing all

engineering other than military. I am, as you know, a Civ41 Engineer,

and 1 desire to laud my profession and to magnify mine office
;
and I knqjv

of no better means of doing this than by quoting to you the definition of
* civil engineering,* given in the Charter of The Institution of Civil

Engineers, namely, that it is * the art of directing the great soirees

of power in Nature for the use and conve»nience of man.’ These words

are taken from a definition or description of engineering given by one of

our earliest scientific writers on the subject, Thomas Tredgold^ who com-

mences that description by the words above quoted,^ and who, having given
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various illustrations of the civil engineer’s pursuits, introduces this preg-
nant sentence :— *

* This is, however, only a brief sketch of the objects of civil engineer-
ing

;
the real extent to which it may be applied is limited only by the

progress of science
;

its scope and utility will be increased with every
discovery in ^ilosophy, and its resources with every invention in

mechanical or chemical art, since its bounds are unlimited, and equally

so must be the researches of its professors.*
* The art of directing the great sources of ^owerin Nature for the use

and convenience of man.’ Among all secular jiursuits, can there be

imagined one more vast in its scope, more beneficent, and therefore more
honourable, than this ? There a re those, I know—hundreds, thousands

—

who say that suck pursuits a^e not to be named as on a par with those

oMiterature; that there is nothing ennobling in them; nothing elevating;

that they are of the earth, earthy; are mechanfcal, and are unintellectual,

and that even the mere bookworm, who, content with storing his own
miiid,**heither distributes those stores to others nor himself originates, is

more worthily occupied than is the civil engineer.

I deny this altogether, and, while acknowledging, with gratitude, that,

in literature, the masterpieces of master minds have afforded, and will

afford, instruction, delight, and solace for all generations, so long as

civilisation oitdures, I say that the pursuits of civil engineering are

worthy of occupying the hi^her,t intelligence, and that they are elevating

and ennobling in their character.

Remember the kindly words of Sir Thomas Browne, who said, when
cbndemning the uncharitable conduct of the mere bookworm, • ‘ I make
not, therefore, my head a grave, but a treasure of knowledge, and study

not for mine own sake only, but for those who study not for themselves.’

The engineer of the present day finds that he must not make his ‘ head

a grave,’ but that, if ho wishes to succeed, he must have, and must

exercise, scientific knowledge
;

and he realises daily the truth that

those who are to come after him must be trained in science, so that they

may readily appreciate the full value of each scientific discovery as it is

made. Thus the application of science by the engineer not only stimu-

lates those who pursue science, but adds him to their number.

Holding, as I have said I do, the view that he who displaces unintelli-

geiit iwibour is doing good to mankind, I claim for the unknown engineer

w«ho, tn Pontus, established the first water-wheel ofwhich we have a record,

and for the equally unknown engineer who first made use of wind for a

mdlior, the title of pioneers in the raising of the dignity of labour, by

compelling the change from the non-intelligent to the intelligent.

With respect to these motors—wind and water—we have two proverbs

which discredit them :
‘ Fickle as the wind,’ * Unstable as water.’

Something more trustworthy was needed—something that we were

sure of* having under our hands at all times. As a result. Science was
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applied, and the *
fire ’ engine, as it was first called, the ‘ steam * engine,,

as it was re-namdd, a form of ‘ heat * engine, a.3^we now know it ^ be,,

was invented.

Think of the early days of the steam-engine—the pre-Watt days. The

days of Papin, Savory, Newcomen, Smeaton ! Great effects were prodnced,.

no doubt, as compared with no fire engine at all
;
effects soVery marked &s

to extort from the French writer, Belidor, the tribute ofadmiration he paid

to the ‘ fire * engine erected at the Fresnes Colliery by English engineers.

A similar engine worked the^pumps in York Place (now the Adelphi) for

the supply of water to portions* of London. Wo have in his work one of

the very clearest accounts, illustrated by the best engravings (absolute

working drawings), of the engine’ which had excited his admiration.^

These drawings show the open-topped cyliiyier, with condensation taking

place below the piston, but with the valves worked automatically. •

It need hardly be said^that, noteworthy as such a machine was, as

compared with animal power, or with wind or water motors, it was of

necessity a most wasteful instrument as regards fuel. It is difficult to

conceive in these days how, for years, it could have been endured that

at each stroke of the engine the chamber that was to receive the steam

at the next stroke was carefully cooled down beforehand by a water
injection.

Watt, as we know, was the first to perceive, or, at all e'^ents, to cure,

this fundamental error which existed prior to hfs time in the ‘fire’ engine.

To him we owe condensation in a separate vessel, the doing away with

the open-topped cylinder, and the making the .engine double-acting
;
the

parallel motion
;
the governor

;
and the engine indicator, by which we

have depicted for us the way in which the work is being performed

within the cylinder. To Watt, also, we owe that great source of economic

working—the knowledge of the expansive force of steam
;
and to his

prescience we owe the steam jacket, without which expansion, beyond

certain limits, is practically worthless. I have said ‘ prescience *—fore-

knowledge—but I feel inclined to say that, in this case, prescience may
be rendered ‘pre-Science,’ for I think that Watt felt the utility of the

steam jacket, without being able to say on what ground that utility was
based.

I have already spoken in laudatory terms of Tredgold, as being one of

the earliest of our scientific engineering writers, but, as regards the ques-

tion of steam jacketing, Watt’s prescience was better than Tredgol^s

science, for the latter condemns the steam jacket, as being a means
whereby the cooling surfaces are enlarged, and whereby, therefore,,

the condensation is increased.
^

I think it is not too much to say, that engineers who, since Watt’s

days, have produced machines of such marvellous power—and, compared

with the engines of Watt’s days, of so great economy—^have, so far as

principles are concerned, gone upon those laid d(5wn by Watt. Petails
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of the most necessary character—necessary to enable those principles to

be carried out— have, jiyleed, been devised since the* days of Watt.
Although it is still a very sad confession to have to make, that the very

best of our steam engines only utilises about one-sixth of the work which

resides (if the tejm may be used) in the fuel that is consumed, it is, never-

theless, a satisfaction to know that great economical progress has beenmade,

and that the 6 or 7 Ib^. of fuel per horse-power per hqur consumed by the

very best engines of Watt’s days, when working with the aid of condensa-

tion, is now brought down to about one-fourth, of this consumption
;
and

this in portable engines, for agricultural purposes, working without con-

densation—engines of small size, developing only 20 horse-power
;
in such

engines the consumption ha^'»been reduced to as little as 1*85 lb. per

brake horse-powe|* per hour, e^ual to 1*65 lb. per indicated horse-power

pe^^hour, as was shown by the trials at the Royal Agricultural Society’s

meeting at Newcastle last year—trials in which I had the pleasure of

participating.

In "these trials, Mr. William Anderson, one of the Vice-Presidents of

Section G, and I were associated, and, in making our report of the results,

we adopted the balance-sheet system, which I suggested and used so

long ago as 1873 (see vol. 52, pages 154 and 155, of the ‘ Minutes of Pro-

ceedings of the Institution of Civil Engineers ’), and to which I alluded in

my address aS*President of Section G at Montreal.

I have told you that tho*ongineer of the present day appreciates the

value of the ‘ next-to-nothings.’ There is an old housekeeping proverb

that, if you take care of the farthings and the pence, the shillings and the

pounds will take care of themselves. Without the balance-sheet one

knows that for the combustion of 1 lb. of coal, the turning into steam

of a given quantity of water at a given pressure is obtained. It is seen,

at once, that the result is much below that which should be had, but

to account for the deficiency is the diflBculty. The balance-sheet, dealing

with the most minute sources of loss—the farthings and the pence of

economic working—brings you face to face with these, and you find that

improvement must be sought in paying attention to the ‘ next-to-

nothings.’

Just one illustration. The balance-sheet will enable you at a glance

to answer this among many important questions. Has the fuel been

pr«per^y burnt ?—with neither too much air, nor too little.

• the Newcastle trials our knowledge as to whether we had the

right amount of air for perfect combustion was got by an analysis of

the* waste gases, taken continuously throughout the whole number of

hou^’ run of each engine, affording, therefore, a fair average. The

analysis of any required portion \)f gases thus obtained was made in a

quarter of an hour’s time by the aid of the admirable apparatus invented

by Mr. Steg^d, and, on the occasion to which I refer, manipulated by him.

In oneinstalnce an excess of air had been supplied, causing a percentage
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of loss of 6*34. In the instance of another engine there was a deficiency

of air, resulting* in the production of carbonip ^xide, involving a loss of

4 per cent. The various percentages of loss, of which each one seems

somewhat unimportant, in the aggregate amounted to 28 per cent., and

this with one of the best boilers. This is an admirable instance of the
• • 0

need of attention to apparently small things. i

I have already said tliat we now know the steam engine is really

a heat engine. At the York Meeting of our Association I venture(J to

predict that, unless some, substantive improvement were made in the

steam engine (of which improvement, as yet, we have no notion)e I

believed its days, for small powers, were numbered, and that those who
attended the centenary of the British Association in 1931 would see the

present steam engines in museums, treated as things to be respected,

and of antiquarian interest to the engineers of thoso days, such as lire

the open-topped steam cylinders of Newcomen and of Smeaton to our-

selves. I must say I see no reason, after the seven years which have

elapsed since the York Meeting, to regret having made that prophecy) or

to desire to withdraw it. »

The working of heat engines, without the intervention of the

vapour of water, by the combustion of the gases arising from coal, or

from coal and from water, is now not merely an established fact, but a

recognised and undoubted, commercially economical, meaift of obtaining

motive power. Such engines, developing frcftn 1 to 40-horse-powey, and
worked by the ordinary gas supplied by the gas mains, are in most
extensive use in printing works, hotels, clubs, theatres, and even in large

private houses, for the working of dynamos to supply electric light. Such
engines are also in use in factories, being sometimes driven by the gas

obtained from * culm * and steam, and are giving forth a horse-poWer for,

it is stated, as small a consumption as one pound of fuel per hour.

It is hardly necessary to remind you—but let me do it—that, although

the saving of half a pound of fuel per horse-power appears to be insigni-

ficant, when stated in that bald way, one realises that it is of the iiighest

importance when that half-pound turns out to be 33 per cent, of the

whole previous consumption of one of those economical engines to which

[ have referred.

The gas engine is no new thing. As long ago as 180'/, a M. de Itivaz

proposed its use for driving a carriage on ordinary roads. For anything

E know he may not have been the first proposer. It need hardly be s^d
that in those days he had not illuminating gas to resort to, and he pro-

posed to employ hydrogen. A few years later, a writer in ‘Nicholson’s

Journal,’ in an article on * flying machines,’ having given the coyrect

statement that all that is needed to mtfke a successful machine of this

description is to find a sufficiently light motor, suggests that the direction in

which this may be sought is the employment ofilluminating ga^ to operate

by its explosion on the piston of an engine. The idea of the gas-engine
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was revived, and formed the subject ofa patent by Barnett in the year 1838.

It is tme this gentleman did not know very much about the subject, and

that he suggested many stings which, if carried out, would have resulted

in the production of an engine which could not have worked
; but he had

an alternative proposition which would have worked.

'Again, in th^year 1861, the matter was revived by Lenoir, and in the

year 1865, by^ugon, both French inventors. Their engines obtained

some considerable amount of suc<jess and notoriety, and many of them

weFe made and used
;
but in the majority of cases they were discarded

as wasteful and uncertain. The Institution of Civil Engineers, for

example, erected a Lenoir in the year 1868, to work the ventilating fan,

but after a short time they wp*jB compelled to abandon it and to substitute

a hydraulic engine.
^

'* ^t the present Jime, as I have said, gas engines are a great commercial

success, and they have become so by the attention given to small things,

in popular estimation—to important things, in fact, with which, however,

I must^not trouble you. Messrs. Orossley Brothers, who have done so

much to make the gas engine the commercial success that it is, inform

me that they are prosecuting improvements in the direction of attention

to detail, from which they are obtaining greatly improved results.

But, looking at the wonderful petroleum industry, and at the multi-

farious produces which are obtained from the crude material, is it too

much to say, that theije is, a future for motor engines, worked by the

vapour of some of the more highly volatile of these products—true

vaprour—not a gas, but a condensable body, capable of being worked

over and over again ? Numbers of such engines, some of as much as

4 horse-power, made by Mr. Yarrow, are now j*unning, and are appa-

rently giving good results ;
certainly excellent results as regards the

compactness and lightness of the machinery
;

for boat purposes they

possess the great advantage of being rapidly under way. I have seen

one go to work within two minutes of the striking of the match to light

the burner.

Again, as we know,Jhe vapour of this material has been used as a

gas in gas engines, th*motive power having been obtained by direct

combustion.

Having regard to these considerations, was I wrong in predicting

thi^ the heat engine of the future will probably be one independent of

the f^our of water ? And, further, in these days of electrical advance-

mexk^ is it too much to, hope for the direct production of electricity from

the combustion of fuel ?

As the world has become familiar with prime movers, the desire for

their * employment has increased.^ Many a householder could find useful

occupation for a prime mover of or J horse-power, working one or

two hours a day ;
but the economical establishment of a steam engine is

not possible until houstis of very large dimensions are reached, where
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space exists for the engine, and where, having regard to the amount of

work to be done^ the incidental expenses can be borne. Where this can-

not be, either the prime mover, with the advkiltages of its use, must be

given up as a thing to be wished for, but not to be procured, or recourse

must be had to some other contrivance—say to the laying on of power, in

some form or another, from a central source. t,'

I have already incidentally touched upon one mode «f doing this,

namely, the employment of illuminating gas, as the working agent in the

gas engine ;
but there are various other modes, possessing their respective

merits and demerits—all ingenious, all involving science in their appli-

cation, and all more or less in practical use—such as the laying-on of

special high-pressure water, as is now bping extensively practised in

London, in Hull, and elsewhere. Water at 700 lbs. pressure per inch is

a most convenient mode of laying on a large amount of power, through

comparatively small pipes. Like electricity, where, wlien a high electro-

motive force is used, a large amount of energy may be sent through a

small conductor, sp with water, under high pressure, the mains may
be kept of reasonable diameters, without rendering them too small to

transmit the power required through them.

Power is also transmitted by means of compressed air, an agent which,

on the score of its ability to ventilate, and of its cleanliness, has much to

recommend it. On the other hand, it is an agent which, Jiaving regard

to the probability of the deposition of moisiipre in the form of ‘ snow,*

requires to be worked with judgment.

Again, there is an alternative mode for the conveyance of power by
the exhaustion of air—a mode which Jias been in practical use for over

sixty years. '
.

We have also the carious system pursued at Schaffhausen, where
quick-running ropes are driven by turbines, these being worked by the

current of the river Rhine; and at New York, and in other cities of

the United States, steam is laid on under the streets, so as to enal^le

domestic steam engines to be worked, without the necessity of a boiler,

a stoker, or a chimney, the steam affording als^^means of heating the

house when needed.

Lastly, there is the system of transmitting power by electricity, to

which I have already adverted. 1 was glad to learn, only the other iiy,

that there was every hope of this power being applied to the workin^^ of

an important subterranean tramway.

These distributions from central sources need, as a rule, statuto^
powers to enable the pipes or wires to be placed under the roads ; and^

following the deplorable example of the Electrical Facilities Actj it is now
the habit of the enlightened corporatioi^ and the enterprising town dlerk

of most boroughs to say to capitalists who are willing to embark their

capital in the plant for the distribution of power from a central source—^for their own profit, no doubt, but also, no doubt, for the good of.the
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'Commtlnity—‘We will oppose you in Parliament, unless you will consent
that, ^t the end of twenty-one years, we may acquire tcompulsorily your
property, and may do si,*if it turns out to be remunerative, without other
payment than that for the mere buildings and plant at that time
existing.* This is the way English enterprise is met, and then English
engineers are 4;aunted, by*Englishmen—often by the very men who have
had a share4n making this ‘ boa-constrictor * of a ‘ Facilities Act ’—that

their energy is not to be compared with that which is to be found in the

IJInited States and other countries. Again, however, I must remember
that I am not addressing Section F. •

There is one application of science, by engineers, which is of extreme

beauty and interest, and tt^at cannot be regarded with indifference by
the agriculturists of this country. I allude to the Heat-withdrawing

^gines (I should like to say, ‘ Cold-Producers,* but I presume, if I did,

I should be criticised), which are now so very extensively used for the

importation of fresh meat, and for its storage when received here. It

n^ed»hardly be said, that that which will keep cool and sweet the car-

•cases of sheep will equally well preserve milk, and many other perish-

able articles of food. We have in these machines daily instances that, if

you wish to make a ship*s hold cold, you can do it by burning a certain

quantity of coals—a paradox, if ever there was one.

In this ciimate of ours, where the summer has been said to consist of

‘ three hot days and a thunderstorm,’ there is hardly need to make a

provision for cooling our houses, although there is an undoubted need for

making a provision to heat them. Nevertheless, those of us who have

hot-water heating arrangements for use in the winter would be very glad

indeed if, without much trouble or expense, they could turn these about,

so as to utilise them for cooling their houses in summer. Mr. Loftus

Perkins, so well k*nown for his labours in the use of very high-pressure

steam (600 to 1,000 lbs.* on the inch), and also so well known for those

most useful high-pressure warming arrangements which, without disfigur-

ing our houses by the passage of large pipes, keep them in a state of

warmth and comfort throughout the winter, has lately taken up the mode

of, I will say it, producing ‘ cold * by the evaporation of ammonia, and,

by improvements in detail, has succeeded in making an apparatus which,

without engine or pumps, produces ‘ cold * for some hours in succession,

^d requires, to put it in action, the preliminary combustion of only a

pounds of coke or a few feet of gas.

' As I have said, our climate gives us but little need to provide or

employ apparatus to cool our houses, but one can well imagine that the

Anglo-Indian will be glad to give up his punkah for some more certain,

axfd less draughty, mode of qoqling.

I now desire to point out how, as the work of the engineer grows,

his needs increase. New material, or better material of the old kind,

has to b5 found to efiable him to carry out those works of greater mag-
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nitade. At the beginning of this century, stone, brick, and timber were
practically the oijy materials employed for that which I may call stand-

ing engineering work—i.e., buildings, bridge^ Iqueducts, and so on

—

while timber, cast iron, and wrought iron were for many years the only

available materials for the framing and principal parts of moving machines

and engines, with the occasional use of lead for the pipei and of cqpper

for pipes and for boilers.

As regards the cast iron, little was known of the science involved (or

that ought to be involved) in its manufacture. It was judged of by
results. It was judged of largely by the eye. It was ‘white,’ it was
* mottled,’ it was ‘ grey.’ It was known to be ‘ fit for refining,’ fit for

‘strong castings,’ or fit for castings in Y^ich great fiuidity in the

molten metal was judged to be of more importance than strength in the

finished casting. With respect to wroughtf^iron, it was judged of by ^s
results also. It was judged of by the place of its manufacture—but

when the works of the district were unknown, the iron, on being tested,

was classed as ‘ good fibrous,’ although some of the very best was ‘^teel-

like,’ or ‘ bad,’ ‘ hot-short,’ or ‘ cold-short.’ A particular district would
produce one kind of iron, another district another kind of iron. The ore,

the flux, and the fuel were all known to have influence, but to what extent

was but little realised
;
and if there came in a new ore, or a new flux,

it might well be that for months the turn-out of the work§ into which
these novelties had been introduced would be prejudiced. Steel again

—

that luxury of the days of my youth—was judged by the eye. The
wrought bars, made into ‘blister’ steel by ‘cementation,’ were broken,

examined, and grouped accordingly. Steel was known, no doubt, to be a

compound of iron and carbon, but the importance of exactness in the per-

centage was but little understood, nor was it at all understood how the

presence of comparatively small quantities offoreign matter might necessi-

tate the variation of the proportions of carbon. The consequence was that

anomalous results every now and then arose to confound the person who had

used the steel, and falsifying the proverb ‘ true as steel,’ steel became an
object of distrust. Is it too much to say that Bessemer’s great invention

of steel made by the ‘ converter,’ and that Siemens’s invention of the .

open-hearth process, reacted on pure science, and set scientific men to in-

vestigate the laws which regulate, the union of metals and of metalloids ?

—and that the labours of these scientific men have improved the manufac-

ture, so that steel is now thoroughly and entirely trusted ? By its ,aiS

engineering works are accomplished which, without that aid, would have

been simply impossible. The Forth Bridge, the big gun, the compound
armour of the ironclad with its steel face, the projectile to pierce that

steel face—all equally depend upon the ‘ Iputh ’ of steel as much as ddes

the barely visible hair spring of the chronometer, which enables the

longitude of the ship in which it is carried to be ascertained. Now,
what makes the difference between trustworthy and untrustworthy steel
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for eacli 'particular purpose' f Something which, until our better sense

comes our aid, we are inclined to look upon as ridiculously insignificant

—a * next-to-nothing.’ Sotting extraneous ingredients aside, and con-

sidering only the union of iron and carbon, the question whether there

. shall be added or deducted one-tenth of 1 per cent, (pardon my clumsy

way^^of using the^decimal system) of carbon is a matter of great import-

ance in the reiJiulting quality of the steel. This is a striking practical

insj^nce of how apparently insigD^i|icant things may be of the highest

importance. The variation of this fraction of a percentage may render

your boiler steel untrustworthy, may make rhe difference between safety

in a gun and danger in a gun, and may render your armo^ir-piercing pro-

.jfiptile unable to pierce even th^^ thinnest wrought-iron armour.

, While thus brought incidentally to the subject of guns, let me derive

fron^ it another instance of the value of small things. I have in my
hand a piece of steel ribbon. It is probable that only those who are

near to me can see it. Its dimensions are one-fourth by one-sixteenth of

an Bp'glish inch, equal to an area of one sixty-fourth of a square inch.

This mode o| stating the dimensions I use for the information of the

ladies. To make it intelligible to my scientific friends, I must tell them
that it is approximately *00637 of a metre, by approximately *00159 of a

metre) and that its sectional area is *0000101283 (also approximately) of

a square metre, fl^his insignificant (and speaking in reference to the greater

' number of my audience), pracMoally invisible piece of material—-that I can

* beud'with my haild, and even tie into knots~is, nevertheless, not to be

despised. By it one reinforces the massive anffimportant-looking A-tube

of a 9*2-inch gun, so that from that tube can be projected with safety a

projectile weighing 380 pounds at a velocity, when leaving the muzzle,

of between one-third and one-half of a mile in' a second, and competent to

traverse nearly 12^ miles before it touches the ground. It may be said,

‘What is the use of being able to fire a projectile to a distance which

commonly is invisible (from some obstacle or another) to the person

directing the gun ? ’ I will suggest to you a use. Imagine a gun of

this kindiplaced by some enemy who, unfortunately, had invaded us, and

had reached Richmond. He has the range table for his gun
;
he, of

course, is provided with our Ordnance maps, and he lays and elevates the

gun at Richmond, with the object of strikii^, say, the Royal Exchange.

Suppose he does not succeed in his exact aim. The projectile goes 100

yar^s to*^6ne side or to the other
;
or it falls 250 yards short, or passes

260 yaili’s over
;
and it would be ‘ bad shooting * indeed, in these days, if

niffltrly .every projectile which was fired did not fall somewhere within an.

area such as this. In this suggested parallelogram of 100,000 square

yards, or some 20 acres, there is^iome rather valuable property; and the

transactions which are carried on are not unimportant. It seems to me
that business would not be conducted with that calmness and coolness

which necessary for success, if, say every five minutes, a 380-pound

.1888.
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shell fell within this area, vomiting fire, and sctkttering its walls in

hundreds of pieces, with terrific violence, ip^ all directions. Do not

suppose I am saying that similar effects cannot be obtained from a gnn

where wire is not employed. They can be. But my point is, that they

can also be obtained by the aid of the insignificant thing which I am
holding up at this moment—this piece of steel ribbon, ^f^ioh looks niore

suitable for the framework of an umbrella.
^

I have already spoken to you, whei^considering steel as a mere alloy of

iron and carbon, as to the; value of even a fraction of 1 per cent, o^ the

latter ; but we know that in actual practice steel almost always con-

tains other ingredients. One of the most prominent of these is manganese.

It had for years beep used, in quantities.Varying from a fraction of 1

per cent, up to 2*5 per cent., with advantage as regards ductility, and

as regards its ability to withstand forging. A furtherrincrease was fooind

not to augment the advantage : a still further, increase was found to

diminish it : and here the manufacturer stopped, and, so far as I know,

the pure scientist stopped, on the very reasonable ground that th% point

of increased benefit appeared to have been well ascertained, and that

there could be no advantage in pursuing an investigation which appeared

only to result in decadence. But this is another instance of how the

application of science reacts in the interests of pure science itself. One
of our steel manufacturers, Mr. Hadfield, determined to pifpsue this appa-

rently barren subject, and in doing so discctvered this fact—that, while

with the addition of manganese in excess of the limit before stated, and
up to as much as 7 per cent., deterioration continued, after this latter

percentage was passed improvement again set in.

Again, the effects of the addition of even the very smallest percent-

ages of aluminium upon the steel with which it may be alloyed are very
striking and very peculiar, giving to the steel alloy thus produced a
very much greater hardness, and enabling it to take a< much brighter

and more silver-like polish. Farther, the one-twentieth part of 1 per

cent, of aluminium, when added to molten wrought iron, will reduce

the fusing-point of the whole mass some 500 degrees, and wilF render

it extremely fiuid, and thus enable wrought iron (or what are commer-
cially known as ‘ Mitis ’—castings of the most intricate character) to be
produced.

No one has worked more assiduously at the question of the effect of

the presence of minute quantities, even traces, of alloys with metals than
Professor Roberts-Austen, and he appears, by his experiments, to be
discovering a general law, governing the effect produced by the mixture
of particular metals, so that, in future, it is to be hoped, when an^alloy

is, for the first time, to be attempted, it will be possible to predict with
reasonable certainty what the result will be, instead of that result remain-

ing to be discovered by experiment.

I have just, incidentally, mentioned aluminium. May 1 say ihat we
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engineers look forward, with imich interest, to all processes tending to

bring this metal, or its aljp,vs, within possible commercial nse ?

One more instance of the effect of imparities in metals. The engineer

'engaged in electrical matters is compelled, in the course of his daily-

work, frequently to realise the importance of the ‘ next-to-nothing.’ One
striking instance of this is afforded by the influence which an extremely

minute percehtage of impurity has on the electrical conductivity of copper

wire : this conductivity being in s^mo cases reduced by as much as 60
per cent., in consequence of the admixture of that which, under other

mrcnmstances, would be looked upon as insignificant.

Reverting to the question of big guns. According to the present

mode of manufacture, after w© have rough-bored and turned the ‘A ’

^
tube (and perhaps I ought to have mentioned that by the ‘A’ tube is

mesint the main pie'je of the gun, the innermost layer, if I may so call it,

that portion which is the full length of the gun, and upon which the

Temainder of the gun is built up)—after, as I haye said, we have rough-

bored &nd turned this ‘A ’ tube, we heat it to a temperature lying

between certain specified limits, but actually determined by the behaviour

of samples previously taken, and then suddenly immerse it perpen-

dicularly into a well some 60 feet deep, full of oil, the oil in this well

being kept in a state of change by the running into it, at the bottom, of

-cold oil convey^ by a pipe proceeding from an elevated oil tank. In this

way the steel is oil-hardened, with the result of increasing its ultimate

tensile strength, and also with the result of raising its so-called elastic

limit. In performing this operation it is almost certain that injurious

internal strains will be set up: strains tending to produce self-rupture

of the material. Experiments have been carried out in England, by
Captain Andrew Noble, and by General Maitland of the Royal Gun
Factory, by General Kalakoutsky, in Russia, and also in the United

States, to gauge what is the value, as represented by dimensions, of these

strains, and we find that they have to be recorded in the most minute

fractions of an inch, and yet, if the steel be of too * high ’ a quality (as it is

technically called), or if there has been any want of uniformity in the

oil-hardening process, these strains, unless got rid of or ameliorated by

annealing, may, as I have said, result in the self-rupture of the steel.

I have spoken of the getting rid of these strains by annealing, a

process requiring to be conducted with great care, so as not to prejudice

th^ oil-hardening. But take the case of 'a hardened steel

projeptlle, hardened so that it will peUetrate the steel face of compound

armour^ In that case annealing cannot be resorted to, for the extreme

hardness of the projectile must not be in the least impaired. The internal

strains in these projectiles ^e so teiy grave, that for months after they

are made there is no security that they will not spontaneously fracture. I

have here the point ofan 8-inoh projectile, which projectile weighs 210 lbs.,

fhis v?ith ethers was received from the makers as long ago as March of
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this year, and remained an apparently perfect and sound projectile until

about the middle of August—some five mon^bp after delivery--4ind, of

course, a somewhat longer time since manufacture—and between August
6th and 8th this piece which I hold in my hand, measuring 3J inches by

3^ inches, spontaneously flew ofi* from the rest of the projectile, and has

done so upon a surface of separation which, whether having regarcf to

its beautiful regularity, or to the conclusions to be drawn from it as to

the nature of the strains existing, is oiH>he very highest scientific interest.

Many other cases of self-rupture of similar projectiles have been recorded.

Another instapce of the erfect of the ‘ next-to-nothing *

in the harden-

ing and tempering or annealing of steel. As we know, the iron and

the carbon (leaving other matters out of <?bnsideration) are there. The
carbon is (even in tool-steel) a very small 4)roportion of the whole. The
steel may be bent, and will retain the form given to itt You heat it and

plunge it in cold water
;
you attempt to bend it and it breaks

;
but if, after

the plunging in cold water, you temper it by carefully reheating it, you

may bring it to the condition fit either for the cntting-tpol for metad, or

for the cutting-tool for wood, or for the watch-spring
;
and theje iniportant

variations of condition which are thus obtained depend upon the ‘ next-to-

nothing ’ in the temperature to^which it is reheated, and therefore in the

nature of the resulting combination of the ingredients of which the steel

is composed.

Some admirable experiments were carried out on this subject by the

Institution of Mechanical Engineers, with the assistance of one of our
Vice-Presidents, Sir Frederick Abel, and the subject has also been dealt

with by an eminent Russian writer.

There is, to my mind, another and very striking popular instance (if

I may use the phrase) of the importance of attention to detail—that is, to.

the ‘ next-to-nothing.’ Consider the bicycles and tricycles of the present

day—machines which afibrd the means of healthful exercise to thousands,

and which will, probably within a very short time, prove of the very

greatest possible use for military purposes. The perfection to which
these machines have been brought is almost entirely due to strict atten-

tion to detail
;
in the selection of the material of which the machines are

made
;
in the application of pure science (in its strictest sense) to the

form and to the proportioning of the parts, and also in the arrangement of
these various parts in relation the one to the other. The result is that^he
greatest possible strength is afforded with only the least possible weight,

and that friction in working has been reduced to a minimum. All of us
who remember the hobby-horse of former years, and who contrast that

machine with the bicycle or tricycle of the present day, realiseohow

thoroughly satisfactory is the result ^of this attention to detail this

appreciation of the * next-to-nothing.*

Let me give you another illustration of the importance of small things^

drawn from gunnery practice.
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At' first sight one would be tempted to say that the density of the air

on the underside of a shr\t must, notwithstanding its motion of descent,

be so nearly the same as that of the air upon the upper side as to cause the

difference to be unworthy ofconsideration
;
but we know that the projectiles

from rifled guns |end to travel sideways as they pass through the air, and
that the direction of their motion, whether to the right or to the left, de-

pends on the ‘ hand *
of the rifling. We know also, that the friction against

liquid or against gaseous bodies varies with the densities of these bodies,

and it is believed that, minute as is the difference in density to which I have

referred, it is sufficient to determine the lateral' movement of the

projectile. This lateral tendency must be allowed for, in these days of

long ranges, in the sighting and laying of guns, if we desire accuracy of

h aim, at those distances at 'Ihich it is to be expected our naval

en^gements will Lave to be commenced, and perhaps concluded. We
can no longer afford to treat the subject as Nelson' is said to have treated

it, in one of his letters to the Secretary of the Admiralty, who had
requested that an invention for laying guns more accurately should be

tried. Nelson said he would be glad to try the invention, but that, as

his mode of fighting consisted in placing his ship close alongside that of

the enemy, he did not think the invention, even if it were successful,

would be of much use to him.

While upoif the question of guns, I am tempted to remark upon that

which is by no means a small thing (for it is no less than the rotation

of the earth), which in long-distance firing may demand attention, and

that to an extent little suspected by the civilian.

Place the gun north and south, say in the latitude of London, and fire

a 12-mile round such as I have mentioned, and it will be found that,

assuming the shot were passing through a vacuum, a lateral allowance of

more than 200 feet must be made to compensate for the different velocity

•of the circumference of the earth at 12 miles north or south of the place

where the gun was fired, as compared with the velocity of the circum-

ference of the earth at that place itself—the time of flight being in round

numbers one minute.

At the risk of exciting a smile, I am about to assert that engineering

has even its poetical side. I will ask you to consider with me whether

there may not be true poetiy in the feelings of the engineer who.

solt^ % problem such as this : Consider this rock, never visible

abrs^ ^e surface of the tide, but making its presence known by the

waves which rise around it : it has been the cause of destruction to many
a noble vessel which had completed, in safety, its thousands of leagues

ofjourney, and was, within a few score miles of port
;
then dashed to pieces

upon it P Here is this rock. On ft huild a lighthouse. Lay your founda-

tions through the water, in the. midst of the turmoil of the sea; make

your prepaications
;
appear to be attaining success, and find the elements

are against you and that the whole of your preliminary works are ruined
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or destroyed in one night
;
but again commence, and then go on and go on

until at last you conquer
;
your works rise aboie ordinary tide-level ; then

upon these sure foundations, obtained it may be after years of toil, ereot^

a fair shaft, graceful as a palm and sturdy as an oak
;
surmount it with

a light, itself the produce of the highest application |^of science ;
direct

that light by the built-up lens, again involving the highest application

of science
;
apply mechanism, so arranged that the lighthouse shall from

minute to minute reveal to the anxibus mariner its exact name ajad ita

position on the coast. When you have done all this, will you not be entitled

to say to yourself, * It is I who have for ever rendered innocuous this roc^

which has been hitherto a dread source of peril ’ ? . Is there no feeling, do
you think, of a poetical nature excited in* the breast of the engineer who
has successfully grappled with a problen/such as this ?

Another instance: the mouth of a broad rivex, or, more prdperly

speaking, the inlet of the sea, has to be crossed at such a level as not to

impede the passage of the largest ships. Except in one or two places tho

depth is profound, so that multiple foundations for supporting a bridge

become commercially impossible, and the solution of the problem must
be found by making, high in the air, a flight of span previously deemed
unattainable. Is there no poetry here ? Again^ although the results do
not strike the eye in the same manner, is there nothing of poetry in the

work, that has to be thought out and achieved, when a widdriver or an ocean

channel has to be crossed by a subterranean passage ? Works of great

magnitude of this character have been performed with success, and to the

benefit of those for whose use they were intended. One of the greatest and

most noble of such works, encouraged, in years gone by, by the Govern-

ments of our own country and of France, has lately fallen into disfavour

with an unreasoning public, who have not taken the pains to ascertain

the true state of the case.

Surely it will be agreed that the promotion of ready intercourse and
communication between nations constitutes the very best and most satis-

factory guarantees for the preservation of peace
;
when the peoples of two

countries come to know each other intimately, and when they, therefore,

enter into closer business relations, they are less liable to be led away by
panic or by anger, and they hesitate to go to war the one with the other.

It is in the interests of both that questions of difference which may
arise between them should be amicably settled, and having an intimate

kno^^edge of each other, they are less liable to misunderstand, and the

mode of determination of their differences is more readily arranged.

Remember, the means of ready intercourse and of communication, and the

means of easy travel, are all due to the application of science bjr thp Engi-

neer. Is not therefore his profession ft beneficent one P

Further, do you not think poetical feeling will be excited in the breast

of that engineer who will in the near future ^olve the problem (and it

certainly willbe solvedwhen a sufficiently light motor is obtainedVof travel-
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ling in the air—whether this solution be effected by enabling the self-

snspended balloon to be propelled and directed, or perhj^s, better still, by
enabling not only the propulsion to be effected and the di.-ection to be

controlled, but by enabling the suspension in the air itself to be attained

by mechanical means ?

Take other® functions of the Civil Engineer—functions which, after

all, are of tLe most important character, for they contribute directly to

the prevention of disease, and thereby not only prolong life, but do that

wtdch is probably more importaSit—afford to the population a healthier

life while lived.

In one town, about which I have full means of knowing, the report

has just been made that in the year following the completion of a

comprehensive system of sewerage, the deaths from zymotic diseases

hjid fallen from^^a total of {^40 per annum to a total of 372—practi-

cally one half. Has the engineer no inward satisfaction who knows such

results as these have accrued from his work P

-
^

Again, consider the magnitude and completeness of the water supply

of a large town, especially a town that has to depend upon the storing-up

of rain water : the prevision which takes into account, not merely the

variation of the different seasons of the year, but the variation of one

year from another
;
that, having collated all the stored-up information,

determines what must be the magnitude of the reservoirs to allow for

at least three consecutive,dry years, such as may happen; and that finds

the sites where these huge reservoirs may be safely built.

All these—and many other illustrations which I could put before you

if time allowed—appear to me to afford conclusive evidence that, whether

it be in the erection of the lighthouse on the lonely rock at sea
;
whether

it be in the crossing of rivers or seas, or arms of seas, by bridges or by

tunnels
;
whether it be the cleansing of our towns from that which is foul

;

whether it be the supply of pure water to every dwelling, or the distribu-

tion of light or of motive power
;
or whether it be in the production of

the mighty ocean steamer, or in the spanning of valleys, the piercing of

mountains, and affording the firm, secure road for the express train
;
or

whether it be the encircling of the world with telegraphs—the work of

the Civil Engineer is not of the earth earthy, is not mechanical to the

exclusion of science, is not unintellectual
;
but is of a most beneficent

pature, is consistent with true poetical feeling, and is worthy of the

Wilest order of intellect.
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Fourth Report of the Gormiittee^ consisting of Professors A. Johnson
(Secretary\ J. Gr. Mac&regor, J. B. Cherriman, and H. T. Bovey
and Mr. C. Carpmael, for the purpose of promoting Tidal

Obser vations in Canada.
\

Last year the Committee reported that Lieut. Gordon, R.N., commander
of one of the Dominion cruisers, had been authorised to make some pre-

liminary observations and to spend some small sums of money in getting

assistance fSr this pui'pose
;
and also that he had* been directed to put

himself in communication with Prof. Darwin with the expectation that

next year a special grant would be made for systematic tidal observations.

It was understood that no more could be done in the interval. The Com-

mittee, therefore, have taken no action during the past year. It is

considered, however, desirable that they should be reappointed in order

to keep the matter before the Government during the next session of
^

Parliament. The Board of Trade of Montreal is still earnestly pressing

this as well as other questions connected with a hydrographic survey on

the attention of ministers.

Report of the Committee^ consisting of Sir R. S. Ball, Dr. G.

Johnstone Stoney, Professors Everett, Fitzgerald, Hicks,

Carey Foster, 0. J. Lodge, Poynting, Macgregor, Genese,

W. G. Adams, and Lamb, Messrs. Baynes, A. Lodge, FlExMing,

W. N. Shaw, Glazebrook, Hayward, Lant Carpenter, Cul-

*verwell {Secretary), and Greenhill, Dr. Muir, and Messrs.

G. Griffith and J. Larmor, appointed for the purpose of con-

&ideri/ng the desirability of introducing a Uniform Nomen-

clature for the Fundamental Units of Mechanics, and of co-

operating with other bodies engaged in similar work.

Tjiffi Committee recoinmend the use of the following names

Xlio of velocity on the C.G.S. system of units, i.e., the velocity

of one centimetre per second, to be called one Kine.
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Tlie unit of momentum on the C.G.S. system of units, t.e., the
momentum of one gramme moving at one kine^ J^o be called one Bdle.

The unit of pressure on the O.G.S. system of units, t.e., the pressure

of one dyne per square centimetre, to be called one Barad.
The Committee do not recommend that any additional names be

giyen to English units.
,

They ask to be reappointed, as they think that there are some other
units upon which there is prospect of agreement as to the names to be
recommended.

Fourth Report of the Committee^ consifting of Professor Balfour
Stewart {8ecretary\ Professor W. Ctrylls Adams, Mr. W. Lant
Carpenter, Mr. C. H. Carpmai:^ Mr. W. H. M. Christie {Astrono-^

mer Royal), Professor G. Chrtstal, Captain Creak, Professor G. H.
Darwin, Mr. William Ellis, Sir J. H. liEFROT, Professor S. J.

Perry, Professor Schuster, Professor Sir W. Thomson, and Mr.
G. M. Whipple, appointed for the purpose of considering the

best means of Comparing and Reducing Magnetic Observations*

Since their last report the Committee have to record the death of their

Secretary, Professor Balfour Stewart, whose loss will be de^ly felt in the

scientific world, especially by those who are engaged in researches in

terrestrial magnetism and in the work of dlagnetic observatories. A
meeting of the Committee was held on Februfwy 2, 1888, at which Pro-

fessor W. Grylls Adams was requested to act as Secretary to the Com-
mittee, and to forward to the directors of magnetic observatories copies of

the third report of the Committee, calling special attention to the para-

graphs relating to the determination of scale coefficients.

At the second meeting of the Committee on July 11, 1888, Mr. W. L.

Carpenter handed to the Committee a paper which had been prepared by
Professor Bdlfour Stewart on a comparison between the wind values and
declination disturbances at the Kew Observatory. The Committee have
thought it right to recommend that ‘this paper and the table accom-
panying it be printed as an appendix to the report.

The Committee learn that all the scientific material found among Dr.

Stewart’s papers is in the possession of Professor A. Schuster. Professor

Schuster has continued his reduction of the diurnal variation of terrestrial

magnetism and has nearly completed a paper on the subject, which he
purposes to present to the Royal Society.

^
•

A paper has also been communicated to the Committee by Major
Dawson on magnetic observations taken at Port Rae in 1882-83, whi<m
is printed as Appendix II. to this report.

Appendix I. Results of a comparison betwet^ the wvnd values and declination

disturbances at the Kew Observatory, By Balfour Stewart, M,A.,

LL.I)., and William Lant Carpenter, B.A., B,€e,
o

In a note communicated to the Royal Society on February 11, 1885, wb
gave the results of a preliminary comparison between the dates of cyclonic
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storms in Great Britain and those of declination disturbances at the Kew
Observatory. As we coi^inued this investigation we caAe to the conclu-
ision that the best method of procedure would be to compare together
what may be termed wind-weather and declination-disturbance-weather,

in order to see if there is any apparent connexion ' between them; our
hopp of a positiFe result being strengthened by the belief that there is

accumulating evidence in favour of’ a connexion of some kind between
the convection currents of the earth and the oscillations of terrestrial

magnetism. ^We shall, therefore?, begin by defining precisely what we mean by
wind weather and by (Ksturbance weather.* Wo have obtained, through
the kindness of the Kew Committee, records, of the total amount in miles

gone over by the wind at K^ for each day of the years 1858-73 (sixteen

years in all), And we have fikfewise obtained from the same source daily

aggregates of the disturbance o^ magnetic declination at Kew separated by
Sabine’s method. •

To begin with the wind values, we have first of all smoothed these

down into daily averages «of three days. Let us call this Table A.

W^ have next obtained a Table B, where each day's value is the

avemge of ^5 days of Table A, all being properly placed as regards

dates.
’ *

Next, taking the difference between the entries of Tables A and B, we
obtain a series representing departures from the mean—plus when in

excess, and minus when in deficiency—which may be taken to represent

mndr weather. • The declination aggregate daily disturbance numbers (for

which the unit is of ^n inch measured on the curve) have been

treated in exactly the same' Way as the wind numbers, and the differences

finally obtained have been taken to represent disturhance weather. The
values representing wind weather have then been formed into series of

twelve terms, each so chosen that maximum wind values come together at

the middle of each series. Tlie yearly sums of these series, as well as four-

yearly sums and total sum for 16 years, are exhibited in Table !».

The disturbance weather values have then been arranged into series ,ol

twelve terms each, so that each entry is two days previous in date to the

corresponding entry of Table The yearly, four-yearly, and total sums of

these series are given in Table Ib.

The values representing wind weather have next been formed into

^series of twelve terms each, so chosen that minimum wind values come
together at the middle of each series. The yearly, four-yearly, and total

sums of these series are given in Table II».

Finally, the disturbance-weather values have been arranged into series

of twelve turns eacjh, so that each entry is two days prior in date to the

ooi^^onding entry in Table Ilai and the sums of these are entered in

The general results of the comparison for the sixteen years are shown
in the. accompanying table, and if averages be taken from these for the

three minimum sunspot years 1^65-6-7, and for the three maximum years

on eiliher side thereof, we get « « *

1866-69-60
.,1865-66-67
1869-70-71

Wind
weather

68*6

660
670

Declination
weather

640
61-8

63-6
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• T -—ir.

Mag- Mag-
1 1

Mag- Mag*
Wind* netic Wind iietio i Wind

jVelCcR.
netic Wind netic

Velocit.y Declina- Velocity Decliua-
y Decliua- Velocit Decliua-

tioii tion
i

tion tion

Juuuary 1858 81 27 186 2 §4 66 186
i

(>: 88
.
62 1870 88 78

February 61 52 85 44 102 79 109

Marclt 95 92 90 47 . 56 64 63 48

April 104 94 51 88 72 45 46 48

May .
68 69 57 38 f 84 35 80 72

g

,
June 87 79 68

•
34 49 17 39 64

July 49 55 44 56 46 36 48 25

August 49 24 53 83 60 44 47 54

September 76 61 76 45 57 66 67 106

October 62 53 59 116
i

41 76 53 96

November 130 39 80 43 t 55 31 98 66

December
i

96 78 82 100 80 22
•

65 io«i

,

January 186S 78 58 1862
1

92 70 186’
i

88 33 1871 82 86

February 68 69 46 80 82 71 73 119

March 72 37 69 52 66 41 92 73

April 82 70 79 62 76 83 • 40 82

May 56 46 85 36 55 52 36 56

June 45 55 49 24 59 49 41 44

Ji»l> 37 41 41 60 66 30 54 39

August 59 78 41 39 45 15 44 69

September 47 118 49 80 60 49 •
62 32

October 45 102 92 89 • 47 36 65 59

November 84 81 86 71 76 29 108 70

December 78
!

67 60 75 28 69 29 .

January 1860 89 32 1864 89 11 1868 no 27 1872 101 26

February 64 71 75 48 70 38 42 82

March 92 81 72 66 64 87 69 47 •

April 116 72 56 89 93 97 73 66

May 70 42 49 72 71 64
1

54 52

June 59 91 35 87 38 31 50 46

July 43 87 56 66 63 60 44 67 .

August 55 84 42 56
1

68 69 61 95

September 64 57 > 67 91 94 102 63 65

October 60 47 99 87 i 68 108 54 178

November 50 41 62 86 82 62 100 45

December 49 53 79 61 89 23 69 48

January 76 1865 102 63 1869 111 53 1873 64 981

.February 1 85 60 . 108 97 55 in

March 72 97 64 64 66 90 69

i

April
* 48 66 85 78 124 63 62

1

May 28 55 72 72 78 62 81

' June 41 63 54
1

49 38 47 47

July 51 30 44 ' 67
' • 42 56 47 47

August 33 40 49 97 48 48 36 39

September 65 S3 45 62 96 89 61

October 69 83 45 no * 75 • 63 7 46

November 68 59 94 54 59 42 86 » 80

i December
>

63 76 67 14 92 56 87 —

-
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Appendix II, Magnetic Biaturhances at Fort Bae m 1882-83.
> ,

I

At the International Polar Conference in Vienna, in the spring of

1884, the snhjec^ of the treatment of magnetic disturbances was mucli
disdnssed, but among the numerous schemes proposed none was um*ver-
bally acceptedf and the matter was left undecided.

^

I have thought it worth while to make trial, on the observations of

decKnation and horizontal intensf^ made at Fort Rae in 1882-83, of a
method founded on that proposed by Dr. Wild, and the results obtaiued

will not, I hope, be without interest.

From a comparison of lists of magnetically undisturbed days, supplied

by most of the circumpolar stetions. Dr. Wild selected from four to six

days in each month, when diurnal variation appeared to follow a

nocmal course
;
and the hourly means obtained from these days are given

in the Fort Rae observations. When, however, these values are plotted

down they do not afford a very regular curve, because, though these days

are free from disturbance as a whole, a good many decidedly disturbed

observations are included. The readings for hours of magnetic distur-

bances were therefore struck out, the question of disturbance bein*^

decided by reference to the original observation-book, for, as nine obser-

vations were taken at each hour, it was easy to see whether the instru-

ments were steady or not. Rather under 4 per cent, of the readings

were so struc^ out, and from the remainder a fairly satisfactory set of

hourly mean values was obtained for each month.

The mean of these valu^ at any hour for any two adjacent months

was then assumed to be the normal value at that hour on the middle day

of the two months. Thoe, for example, the mean horizontal intensity

from the selected undisturbed days being, for Januaiy, at 11 A.M., *07653

;

for February, at the same hour, *07661
;
and for March, *07669

;
then the

normal value for that hour was taken as *07657 on January 30, and *07665

on March 2.

Having thus obtained a set of hourly values at intervals of about a

month, the values for the intermediate days were easily interpolated, and

in this manner a normal value of declination and horizontal intensity was
obtained for every hour of the year.

By subtracting each of these values from the corresponding’observed

value the ‘disturbance ’ at each hour was obtained, sometimes with a +,
sometimes with a ~ sign. These positive and negative disturbances were

then entered in separate sheets, and their means are given in the appended

tables (I.—IV.) These means are obtained by dividing the sums of dis-

iu^bance by the number of observations
;
not by the number of + or —

di|ittLrbknces.

Disorder to determine whether the larger and smaller disturbances

follow different laws the disturbances were classified according to their

ma^itude. Table V. shows the number of each class opcurring at each

ihourf

H. P. Dawson, Maj. B.A,
April 20, 1887.
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Table III .—Bodly Meam

Sbptbmbbr * OCTOBBR Novbmbbr Dbci^bk January *Fbbruary

E. 0]r W.orTota B. orlw.oirTotaIE. 0r W.oirTota E. 01 W.oirTota E. 01r w.orTota E. 01•W.OIrTota
+ + + + + +

/ / / / / / / / / / / / / / / !

1 1 9 10* 7 4 11 4 3 7 3 2 6 15 6 21

2 — — — 22 11 33 3 5 8 1 4 5 3
•
1 4* 23 7 B

3 — — — 2 6 8 6 1 c 1 4 6 4 0 4* 18 • 9 27

4 1 7 8 8 3 ir 4
•
n 5« 9 6 15 2 B 8 9 8 17

5 11 8 14 20 11 31 3 5 0 •6 BBB 5 4 9

6 11 5 16 m 6 1 6
V

3 12 3 15 18 2 14

7 — — BB 16 2 18 / 3 B 16 5 21 1 2 3*

8 — — 0 5 8 1 9 0 5 5* 3
«

4 7 2 Bm
9 8 1 7 10 20 1 21 4 6 10 7 4 11 1 B 8

10 8 1 9 8 6 14 4 4* 5 5 10 0 4 4 2 B 3*

11 14 3 17 4 5 9 4 6 10 3 2 5* 1 a 2 3*

12 11 6 16 1 4 5 20 8 28 4 D 1

•

2 • 3 1 n 2*

13 13 1 D 4 5 44 4 48 1 B 5 3 2 5* 0

! 14
1

13 2 9 2 13 38 9 47 0 2 2* 1 2 3 8

15 6 0 H9 2 20 12 13 25 3 10* 8 3 11 2 4

16 D 2 H 8 12 2 10 12 6 18 3

0

3 3 5 0 5

17 B 0 H 2 12 42 29 71 2 3 13 2 16 7 1 8

18 6 DH 4 5 4 37 1 6 7 3 3 6 3 2 5

19 DB * 5 2 1 3* 38 8 46 3 2 5 3 3 6 1 2 3

.20 HB 4 0 1 1* 36 9 45 30 5 35 8 8 16 9 HQ
21 HB 4 1 3 4* 28 11 39 17 2 19 6 2 8 4 H
23 BB 6 10 6 16 5 2 7 7 5 12 4 3 B 23 H 27

23 10 0 6 4 10 13 4 17 6 5 11 2 2 17

24 3 8 11 6 7 13 5 6 11 12 6 18 3 5 Q 44

25 13 1 14 10 3 13 24 3 27 4 B 16 3 19 H 12

26 5 8 13 3 3 6 13 2 15 3 Q9 12 5 17 7 3 B
27 9 1 m 5 5 10 3 B 7 3 5 8 B 5 18 B 30

28 4 0 4 18 2 20 B 8 4 4 8 fl 5 6 B 28

29 6 D 9* B 1 8 0 3* m 6 16 2 2 B BB BB0
80 2 D 9 0 10 B 6 10 7 4 11 1 a9 a 91
31

1 9 B 6* — 7 5 12 2 5 B —

•

1i
Mean 1 2 1 11 15 5 20 6 5 B 3 8 B 4 13u91 BBI1

^ / / /

September .... 7 2 9
October .... 7 4 11
November . . . ’. 15 6 20
December . . • . .6 6 10
January . . . .6 3 8
February . . . .9 4 13

N.B.—Dajrg marked (*) are those
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of IHstwrbame. Decimation.

Mabcs Apbu.

irr,'-

May JCNB Jin^Y August

B. or

+
W.or Total

/»

E. 01

+
•W.or Total

f
E. or
+

w.or Total E. or

+
W.or Total E. or

+
W.or Total E. or

+
w.or Total

/

23 6 2^
/

2
/ <

4
/

6
/

4 B /

7
1

6
/

6 12
/

16
/

9 24 1^3 23

23 9 32
)

4 9 10 12 Ig 7 23 1 5 6 4 1 6

11 3 14 19 H 26 8 6 8 3 B 9 4 13 4 1 6

6 2 7 11 H 15 4 B . 8 7 1 10 2 1 8*

6 n 8 n 12 2 6 8 4 1 H 9 6 15 8 8 16

2 3 H 5 8 6 14 4 B B 6 15 B 22

's

6 B 6 1 B 2 6 2 BflB 16 6 13

7 8 15 M 4 D 4 12 8 14 6 B 8

6 1 7 3 2 B 12 2 14 B 7 2 0 2*

8 1 1 DBM 1 4 6 10 9 2 6 8*

5 D BQB 3 B 3 3 8 8 2 * 10

4 8 7 BB 6 1 2 5 3 8 BB 8 4 1 5

m 12 8 B 7 4 H 2 3 5 10 1 11 B 2 6

H 18 0 2 2* 3 M 5 6 0 6 15 18 6 9

2 2 4* 3 8 8 4 H 8« 1 3 4* 16 24 2 5

2 •

1 BH 6 6 a Q V.

14 3 13 IG 10 8 18 3 1 4»

I 2 8 3« 4 8 18 7 20 3 3 BD 1 5*

2 2 H 18 19 3 nB 11 21 12 10 D 5 22

1 8 19 33 3 2 H 6 ,
6 12 4 BBB 1 4

( 6 9« 12 2 14 6 8 14 3 8 11 2 5 BB 4

1 B 18 2 B S* 28 8 31 2 2 4 1
0 3*B 5

1

*M 21 2 B 3* 8 6 14 12 10 22 1 B 3«BB 8

1 6 10 1 2 3* 8 1 9 10 5 2 8 10» 5 3 8
I

i 7 18 11 24 6 2 B 6 2 8 11 11 22 7 2 9

D 8 7 6 13 3 BBi 12 1 13 4 3 7 3 1 4

HD 12 B 12 8 H 21 3 24 11
#
6 16 2 2 4

i B 88 B 9 7 B 16 B 28 4 2 m 2 2 4

i 17 4 2 6 6 3 B B 11 2 1 3« 2 2 4

i BB .8 1 9 8 B 9 7 6 12 1 17 18* 5 5 10

i 5 2 10 6 H 12 15 8 23 22 12 34 1 2 3

i 6 11
X

— B — 4 4 8 — — — 22 16 37 .0 4 4*

1 4 12» 6 B 10 6 4 9
•

5

1

:

^ 6 13 5 3 8

March .

April .

May
June
July
August

looted as undisturbed by Dr. Wild.
Mean .

. 8 4 12

. 6 4 10

. 6 4 »

. 8 6 13

. 7 6 1.3

• ® i. J?

. 7 4 11

D 2
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Table IV.—BaUy Means of IHsturhanee-.

September

.

October
Norember .

December .

January
February .

March

<00022

012
018
013
010
016
018

N.B.--Day8 mwked (»)U0>
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Horizontal Intensity, 0, G. 8. Units.

Apbil

IT

filij

lUUl

119 138

108 127

041 ,067

088 049

019 032

082 066

047 060

060,^ 079

•028 048

•081 040

024 ^«24

!
066 066

6

9 6^

027 046

008 065

016 049

002 027

008 087 046

007 062 069 .

018 022*

011 017
j

014*

024

008*

022*

086

098

063

020

086

060

186

070

092

V
Sf'f

Of

009 031

006 007

019 028
•

007 019

009

060

108

048

006

009

006

082

061

t)37

047

010

2 I 024

Total +
7

019 036 038

067 027 041

073 028 027

073 019 020

066 016 029

029
'

010 033

016. 010 004

04J 018 021

026 010 010

034* 012 005

033 017 027

082 006 009

040 083 014

018* 009 009

042 010 02»

026 018 024

013* 046 011

080 008 021

126 011 061

063 021 066

012* 046 133

on* 032 066

010* 009 023

062 012 042

082 016 016

077 012 036

066 036. 028

021 007
.

068

036 090 081

047 019 032

017 019

073 036

068 034

065 ,007

039 007

035 009

043 047

^jfli 034

039 021

020* 016

017* 022

044* 012

015* 011

047* 026

018 008
i

031* 012

042 033

066 081

J029 037

062 024

086 043

178 010

087 015

032 040

064 017

032 020

048 007

063 051

065 009

087 026

061 037

038 074

079 113

080 037

019 026«i

007 016*

088 136

006 040

040 061

049 064

017 039

012 024*

026 037

024 060

019 027

009 021*

006 039

082 113

066 102

041 066

024 067

011 021

047 062

084 074

009 0^

034 054

076 082

102 153

027 036

016 041

104 141

m

IS

I
I

I

116

034

078

041

108

027

046

044

029

062

082

088

065

074

112

084

022

95 118

070

028

019*

022*

021 082*

042 081

027 041

063 093

023 031

K

tote

August

Total

6 128

084

041

013*

060

111

061

030

018*

042*

044

028

026

068

020

on*

6 016*

114

024

024

031

6 061

059

071

018

019

on

026

E

R

R

R

PT

029

003

006

1)17

April .

May .

June .

July .

August

Mean .

USE
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/( /V

Fourth Report of the Committee, consisting of Professor Gr. Forbes
{Secretary), Captain Abney, Dr. J. Hopkinson, Professor W. G.
Adams, Professor G. C. Foster, Lord Kayleigh, Mr. Preece,

® Professor sChuster, Professor Dewar, Mr. A. Vernon Harcourt,
Mr. H. Trueman Wood, Sir James Douglass, Professor H. B.
Dixon, and Mr. Dibdin, appointed for the purpose of reporting

" on Standards of Light. *

The Committee, which has now been in existence for four years, has at

length arrived at certain definite conclusions as to the value of the dif-

ferent standards of light f?t present available. These conclusions have
been arrived at mainly as tlife result of a large number of experiments
undertaken by vaHous membev'S of the Committee.

The experimefits of the past year are added to this report in the form
of two appendices. ^ The first contains an extensive series of experiments
which have been tabulated, showing the relative constancy of the follow-

ing pi Oposed standards :

—

1. Ordipary candles made by Messrs. Miller.

2. Ordinary candles made by Messrs. Brecknell and Turner.

3. Sperm candles, of six to the pound, of larger diameter, made by
Messrs. Miller.

4. The Pentane Standard.
5. The Pehtane Lamp.
6. The Amyl-acetatQ Lamp.
The other appendix relates to some experiments carried on with

a view to making platinum heated to its melting-point a practical

standard.

The Committee wishes to state that the result of all its experi-

ments has been to confirm the conclusions arrived at by Mr. Dibdin in

his report to the Metropolitan Board of Works in 1887.

Your Committee, in making its final report, is anxious to draw atten-

tion to a number of conclusions which will now be treated in order :

—

(1) The present standard candle, as defined by Act of Parliament, is

not worthy, in the present state of science, of being called a standard,

and does not meet the practical requirements of those whose duty it is to

test illuminants. The objections to the candle as a standard are so

numerous, and most of them are so well understood, that space need not

be taken up now in repeating them. It will suffice to say that the sper-

maceti employed is not a definite chemical substance and is mixed with

oi^er materials, and the constitution of the wick is not sufficiently well-

de^v.d^ so that so-called standard candles, conforming to the definitions

of the Act of Parliament, can be made which vary largely in illuminatmg

po#er. The Committee wishes to add the important observation, which
. nas been incontestably proved by the independent observations of dif-

ferent members of the Committee, that the illuminating power of a
candle in a closed photometer, ^)r in any small, ill-ventilated room, is

considerably less than in an ordinary room.
That which forces itself upon the attention of any one who attempts

to determine the value of any source of light by comparison with standard

cttndBs is the fluctuation from minute to minute, which is due to the

vaiying length and form of the wick and the filling and emptying of the
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cup of the candle according to the movement of the surrounding air.

But these variatibns are to some extent nentraU^d by taking the average
of many testings. A source of error, which is at once less easily recog-

nised and more grave in its practical result, is the change in the average
value of the standard candle, which is due to the im|^ovements made
from time to time in the manufacture of spermaceti, ^e manufacturer
aims at separating as perfectly as possible the solid parts

^
of his crude

material, which constitute spermaceti, from the liquid parts which form
sperm oil. To obtain as much oil and ^s * dry * a spermaceti as possible is

the object sought, and we are informed by one of the principal manu&Oi-
turers of sperm candli^ that within the last ten years considerable im-
provements have been made in the process by which the separation is

effected. As a consequence of the use in tl^e making of standard candles
of a drier sperm, it has been found necessary to provide them with
thicker wicks, in order that the required rate of consumption may be
maintained. Probably the drier sperm has a higher ^eltang-point a!iid

furnishes a less limpid liquid. A thicker wick means less light for a
given consumption

;
and thus the result of the improvements in sperma-

ceti has been that standard candles give less light than they gave ^n
years ago, and probably still less light than they gave at an. earlier date,

when the average consumption of a sperm candle of six to the pound was
140 grs. per hour.

(2) Professor Violle’s standard of molten platinum is, in the opinion
*

of the Committee, not a practical standard of light. On this point your
Committee is anxious to have it understood that it is quite prepared to

agree to the adoption of the light emitted by ^ square centimetre of
molten platinum as a unit of light, but not as a standard of light. Hence,
in its recommendation, it is not challenging the conclusions arrived at by
the International Congress of Electricians. The experiments detailed in

the second appendix to this report confirm the Committee in its belief

that there is no means at present known by which molten platinum can
be used practically as a standard. In fact, a comparison of V iolle’s unit
with any standard could be made only with great labour and but rarely.

Violle’s unit not having been universally adopted, your Committee would
not propose to change the name of the unit hitherto in use, but would
call it a standard candle, giving it that value which appears to have been
intended by the Legislature, and was used in the adjustment of the
Pentane standard.*

(8) There seems unfortunately no prospect of any reliable electric

standard of light being constructed. In the report of 1885 your Com-
mittee delayed making a definite recommendation until further informa-
tion should be gained by experiment about the laws of radiation from
carbon heated by an electric current. The information gained since th^
has led it to believe that but little help is to be gained from this quartcAr.

Some of the reasons are given in the report of 1886 ; others are the
variation in light by the blackening of the glass bulbs in which the

.

carbons are enclosed, and by the wasting of the carbon filaments. ^Iso
the amount of radiation from carbon depends upon its surface and upon
the treatment to which it has been subjected.

(4) The Amyl-acetate standard is very constant, but its red colour is

a serious objection to its use. This conclusion has been arrived at as the
result of a very large number of experiments in the hands of the^'Com-
mittee. The ioliowing experiments by the Committee show this well:—:
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The Amyl-acetate lamp was compared with the Standard Pentane
£ame by placing the two ecjiaidistant from the screen. The flame of the
Amyl-acetate lamp was set at a height of 45 mm., and < an observer
watching the two halves of the screen turned up and down the Pentane
^ame until he judged the screen to be equally illuminated by the two
lights. The Amp-acetate lamp gave’ a distinctly redder light than the
Pentane flame. In comparing the two lights four observers obtained
Tesults which were appreciably difierent, each result being constantly

obtained in successive readings bjj the same observer. Two observers
made the light from the Amyl-acetate flame m^actly equal to the normal
Pentane flame of 63^ mm. ;

a third observermade the Amyl-acetate flame
equal to a Pentane flame of 63 mm.

;
and a fourth made it equal to a

Pentane flame of 62^ mm.
On raising the Amyl-acetal flame to 50 mm. the same differences in

the estimation of the two coloured flames were found, but the change in

height of 5 mm. in ihe Amyl-acetate flame was compensated by a change
in height of 2 mm. in the Pentane flame.

(5) The Pentane standard of Mr. Vernon Harcourt is reliable and
•convenient, and fulfils all the conditions required in the adoption of a
etandaM of l^ht. This standard attains this end by its having no wick
a<nd consuming a material of definite chemical composition. The experi-

ments of your Committee also show that the light was not altered when
fbe specific gravity of the pentane was *632 or *628, instead of the specified

value of *630.

(6) Your Committee is Aot of opinion that the Pentane standard is

the only one which can be it^de possessing the necessary qualifications,

but it is the only one which has'come under its notice, and it wishes most
earnestly to urge the importance of undertaking such action as is possible

to ensure the immediate rejection by the Board of Trade of the Parlia-

mentary candle as a standard, and the adoption in all future work of the

Pentane standard.

(7) Your Committee wishes further to draw attentionto the following

:

Appendix I.

Photometric comparison of Gandies
y
the Pentane Standardy the New Pentane

Larnpy and the AmyUacetate Lamp,

By the courtesy of Mr. Dibdin and the Metropolitan Board of Works
the testing-room at Spring Gardens was placed at the disposal of the

'Committee for conducting experiments. The photometer employed was a
four-way one designed by Mr. Dibdin, the standard source of light in the

centre being a portion of the flame of an argand burning coal gas enriched

•by pailring over pentane. This central flame was kept at a height of

ab<)tL^? inches, and only li^ht from the middle of the flame was allowed

to fidi on the photometer discs. In a preliminaiy series of experiments

made in January 1888 it was found that the light proceeding from the

•oentn^ burner along each of the four photometer bars was equal. The
fittings and measurements of all«parts of the photometer were also care-

iblly verified by the Committee.
> it was decided that the actual tests should be performed by two of

the offioial glas-testers in the service of the Metropolitan Board. Messrs.

|G. W. Wood and^B. Grimwood were selected by Mr. Dibdin to carry out

dhq work, which they performed in a mCst careful and satisfactory manner.
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Mr. Livingston kindlj undertook to chronicle and keep the records of
the experiments made, and also assist in the teafcings, and to him the 0om>
mittee is beholden for the very considerable trouble he took on its behalf.

The experiments were conducted as follows:—The central flame

being adjusted, one observer made a determinatiou ^ its illuminating

power by candles in the first arm and by the Pentane Rimp in the second

arm, making the readings alternately. At the same time the second
observer made a determination of the illuminating power of the central

burner by the Amyl.acetate lamp in«the third arm and by the Pentane
standard in the fourth arjm, also making the readings alternately. The
observers changed portions after each set of observations. The candle

readings were corrected in the usual way for sperm consumed. On all

the four bars the standards were kept fixed ii^ position and the readings

were made by moving the discs. The candles employed were thoso now
manufactured by Mr. Miller and by Messrs. Brecknell and Turner for gas-
testing, but tests were made also of other candles, of the same composition
as the gas-testing candles, but larger in diameter, which were made by
Mr. Miller. The Pentane lamp was of the new form manufactured by
Messrs. TVoodhonse and Bawson. ®

It was found that the central burner was nearly but not exactly con-
stant in illuminating power from day to day, but during the hour and
a half or two hours the tests lasted each day the light did not varjr

appreciably, according to the most uniform standards. In order to show
the uniformity of the standards under trial, the average of the day’s testa

with each standard is taken and the individual tests compared with this

mean. The divergencies of each standard ^om the mean of several tests

hy the same standard are evidence of the want of uniformity of that
standard.

In the following table the corrected result of each test is given; 118
complete tests by each of the four standards were taken. By the side of
each result is a number (obtained by dividing that result by the average
of the day’s tests and multiplying by 100) which expresses the ratio of
that result to the average of the day by the same standard, the day’a
average being called 100. A glance at the table shows the uniformity or
want of uniformity of the standards. Out of the 118 complete candle-
tests 86 differed by 1 per cent, from the day’s average, 57 differed by 2'

per cent., and 19 by 5 per cent. Variations of 9 and 10 per cent,

occurred occasionally. Of the other standards the Amyl.acetate lamp-
showed a variation of 2 per cent, from the day’s average on four ocoasiona
out of the 118 tests, and a variation of 1 per cent, on 11 occasions. Tho
Pentane lamp twice only showed a variation of 1 per cent., the Pentana
standard once only.

In the second table the averages of each day are tabulated ana the-

general average of each standard is given. The Pentane standard lind
the Pentane lamp gave practically the same light

;
and the light was not

altered when pentane of specific gravity *6.32 and of specific gravity *628

was employed, instead of pentane of specific gravity *630.' The ^myl-
acetate lamp was set too high, but although this was discovered soon
after the experiments were begun it was thought better to maintain the*

flame at the same height than to alter it during the tests. The three-

lamps- tested gave uniform results. The broader candles iRade by Mr-
Miller gave less light than those ordinarily used for gas-testing, And they
did not appear to burn more uniformly in this photometer.
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Table I.

Testa of Central Burner made hy fowr Standards in Fov/r-way Photometer,

Date
•

Time Oandles Pentane
Standard Pentane Lamp Amyl-acetate Lamp

1888
Apyil 16

April 17

April 18

< April 23

April 24

April 26

Ap^26

Aprils/

‘

P.M.
5. 0
6.30

4.60
5.10

6.40

6.30
6.45

6. 0

•

6. a
6.20

5.40
"6. 0
<6.20

4.46

6. 0
6.20

6.40

6.66
6.15

6.16

6.36
6. 0
6.20

6.36

6.60

6.20

,
6.40

' 6. 0
6.16

6.30

6.46

4.46

6. 0
6.16

6.60
- •

Millkr’s— Per cent.
11*91 100*2
11*86 99*8

.«

Per cent.
12*27 101*6

11*89 98*4

Lamp A—
Per cent.

12*19 100*4
12*09 99*6

LampB—
Percent

12*08 100*4
11*98 99*6

Mean 11*886 100*0, — — *12*08 100*0 12*14 100*0 12*03 100*0

Millbii’s Nbw-
13*16 101*1

12*73 97*9

18*13 1010

Per cent.

Vl2*10 99*7

13*18 99*9

12*20 100*6
j

12*11 99*4

12*21 100*2

12*23 100*4

Lamp B— Per cent.
12*11 101*0

12*00 « 100*0

11*88 99*1

Mean 13*00 100*0 12*14 100*0 12*18 100*0 11*99 100*0

Milibb’s New—
12*66 98*7

,
12*68 98*8

13*04 102*6

12*26 100*8

12*16 100*0

12*06 99*1

12*19 100*8

12*08 99*8

12*03 99*6

Lami* B—
11*69 100*6

11*71 101*6

11*28 97*8

Mean 12*73 100*0 12*16 100*0 12*10 100*0 11*63 100*0

MiLLEii’a New

—

13*73 98*2
13*83 98*9

13*38 96*7

14*60 103*7

14*47 103*6

‘ 12*86 100*1

12*86 100*0

12*77 99*4

12*86 100*1

12*89 100*3

12*64 100*2

12*68 99*8

12*69 99*8

12*66 100*3

12*61 100*0

Lamp B—
12*44 102*7

11*91 98*4

11*82 • 97*6

12*15 100*3

12*24 101*1
*

Mean 13*98 100*0* 12*86 100*0 12*61 100*0 12*11 100*0

Mujobb’s New—
12*10 91*4

18*36 100*9
13*28 100*8

13*48 inl*4
18*64 102*3

18*74 103*8

12*32 99*4

1*2*36 99*8

12*48 100*9

12*33 99*7

12*34 99*8

12*40 100*2

12*40 99*9

12*42 100*0

12*38 99*8

12*44 100*2

!2*36 99*6

12*48 100*6

Lamp A—
11*46 97*6

11*87 101*1

11*87 101*1

11*72 99*8

11*73 100*0

11*78 100*8

j. j; 100*0 12*37 100*0 12*41 100*0 11*74 100*0

Miller’s New—
^ 13*14 98*2

12*49 93*4

14*60 109*1

14*18 106*0

13*67 101*4

12*34 92*2

12*33 99*8

12*36 100*0

12*36 100*1

12*36 100*1

12*38 100*0

12*38 100*0

12*38 99*6 *

12*41 99*8

12*66 100*9

12*44 100*1

12*40 99*8

12*44 100*0

Lamp A—
11*89 100*4

11*80 99*7

11*86 100*2

11*86 100*1

11*81 99*8

11*83 99*9

Mean 13*38 100*0 12*35 100*0 12*43 100*0 11*84 100*0

Miller’s—
13*68 102*8

12*79 96**2

13*37 100*6

13*24 99*5

13*26 99*7

13*49 101*4

12*36 100*2

12*84 100*0
12*86 100*2

12*31 99*8

12*31 99*8

12*84 100*0

12*36 99*7

12*46 100*6

12*37 99*8

12*38. 100*0
1*2*37 99*8

12*41 100*2

Lamp A
11*87 100*2

1177 99*4

11*86 100*2

11*86 100*1

11*90 100*6

11*80 99*7

Mean 18*30
.
100*0 12*83 100*0 12*39 100*0 11*84 100*0

Brbcknbll’b—
18*38 100*8

13*30 100*2

18*67 102*2

12*87 96*9

« *

12*34 99*8

12*36 99*9

12*86 100*0

12*88 100*2

12*37 100*1

12*37 100*0

12*36 100*0

12*36 99*9

Lamp B—
11*78 99*9

11*77 99*8

11*83 100*3

11*81 100*S

Mean 18*28 100*0 18*30 100*0 18*86 100*0 11*79 * 100*0
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Table I.—eonUmted.

Date Time

1888
April 30

May 1

May 2

ilay 4

May 8

May 10

May 11

May 14

Pentane
Candles standard

Miller’s New—
Per cent. Per cent.

13-14 * 94-1 12-87 ' 100-0

15-05 107-7 12-38 100-1

13-77 98-6 12-35 99-8

13*98 100-1 12-42 100-4

13-95 99-8 12*36 9S|;9

12*37
•

100-0

Brecknell’s

—

14-48 107-6 12-35 100-1

13-19 97-9 12-38 100-4

13-64 102-7 12-36 100*2

13-61 101-0 12-30 99-8

12-22 90-7 12-29 99-7

Mean 13-47 100-0 12-33 100-0

Special Pentane,
Miller’s— Sp. Gr. -632

13*78 101-0 12-28 99-8

13-86 101-6 12*28 99-8

13-67 100-2 12-28 99-8

13-29 97-4 12-38 100-6

Mean 13*65 100-0 12-30 100-0

Miller’s New
12-68 93-7 12-34 99*9

13-28 98-2 12*33 100-0

14-26 105-4 l-i-35 100-2

13-77 101-8 12-29 99-7

18-65 100-9 12-35 100-2-

Mean 13*53 100-0 12-33 100-0

Miller’s

—

12-84

Mean 12*97 100-0 12-35 100-0

Brecknell’s-
13-06 98-2 12-34 109-1

13-67 102-0 12-33 100-1

13-26 99*7 12-25 99*4

13-69 102-9 12-84 100-2

12-92 97-1 12-36 100-2

Mean 13-30 100-0 12*32 100-0

Miller’s New—
12-83 93-4 12-37 99*9

14-09 102-6 12-35 99-8

13-99 101-9 12-44 100-5

14-08 102-2 12-87 99-9

Mean 13-78 100-0 12-38 100-0

Miller’s— Sp. Gr,,-628*.

12-76 94-2 ! 12*27 100-5

13-87 102-4 12-27 100-5

18-66 100*8 12-16 99-6

13-90 102-6 12-14 99-4

13-66 100-0 12-81 100-0

• •
Peutaue Lamp

Per cent.
12-43 »9-8

12-45 90-9

12-46 100-0

12-46 100-0

12-51 100-4

12-46 100-0

12-36

tf2-S6
12-80

12-31

12-28

Sp. O r.

12-38

12-38

12-37

12-34

Amyl-aoetate Lamp

IP B—
Per ocmt.

100^

12-35

12-35

12<^2

12-37

12-35

99-8

99-9

100-4

100-0
99-9

12-37 100-0

12-85 100-0
12-34 90-9

12-35 100-0

12-36 100-1

Lamp 0-
11-71

11-69

i;*71
11-60

11-57

Lamp 0-
11-89
11-83

11-72 »

11-87

Lamp C-
11*74
11-85

11-71

11-82

11-73

Lamp A-
11-98

11-95

11-93

11-04

12-36 100*0
Lamp 0—

11-00 99-8

12-87 lOO-l 12-03 100-4

12-34 99-9 12-08 100*8

15-87 100-2 11*95 99*8

12-35 10(H) 11-96 99-8

12-85 100-0 11-08 100-0

12-48 100-0 11*89 100*0

Lamp B

—

11*78 88*'6

11*76 88*4

11*87 100*8

11*81 0 100*6
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Table I.

—

continued.

Date

1888
May 15

li^ay 17

May^l8

1

*v.

May 25

May 28

May 29

M|y,»80

May 81

Time

- —

Candles Pentane
Standard Pentane Lamp

4 , C

Amyl-aoetate Lamp

Mn.^B’s 7"
1

IjAmp B*—
P.M. Per cent Per cent Per cent Per cent.
6- 0 14*54 103*9 12*20 99*3 12*83 99*9 11*74 99*6
5*20 14*21 101*6 12*32 100*2 12*30 99*7 11*74 99*6
6-40 13*96 99*7 12*22 99*4 12*36 100*2 11*86 100*4
6* 0 1404 100*3 12*34 100*4 1*2*82 99*8 11*75 99*6
6*20 14*07 100*5 12*35» lCO-5 12*38 100*3 11*90 100*8
6*40 13*19 94*2 12*33 100*3 12*37 100*2 11*80 100*0

Mean 14*00 100*0, 12*29 100*0 ^2*34 100*0 11*80 100*0

1
Brecknkll's— Lamp B

—

6*80 12*88 96*3 •1232 99*8 12*43 99*6 12*00 99*5
5*50 18*33 99*6 12*34 100*0 12*52 100*3 12*09 100*2
6*10 18*82 108*3 ’2*36 100*1 12*51 100*2 12*11 100*4
6*30 i8*44

...

100*4 12*36 100*2 12*48 100*0 12*03 99*8

Mean 13*38 1000 12*34 100*0 12*48 100*0 12*06 100*0

MnJ-KR’S— Lamp A

—

4*16 14*00 100*3 12*47 100*6 12*56 100*0 11*87 99*6
4*86 13*69 97*8 12*37 99*8 12*69 100*2 11*76 100*3 .

4*66 14*14 101*3 12*42 100*2 12*67 100*1 11*74 100*2
6*16 *

14*12 101*1 12*34 99*5 12*58 99*8 11*72 100*0

Mean 13*96 100*0 12*40 100*0 12*66 100*0 11*72 100*0

Miujai’s— Lamp B—
4*60 12*94 98*4 12*34 99*8 12*43 99-6 11*70 99*6

5*10 • 14*47 104*6 12*36 100*0 12*62 . 100*3 11*80 100*4

6*30 18*90 1C04 12*36 100*0 12*64 100*6 11*76 100*0

6*60 14*10 101*8 « 12*88 100*2 12*42 99-5 11*74 99*%

Mean 18*86 100*0 12*36 100*0 12*43 100*0 11*76 100*0

MiLLBR’s New 7"— Lamp A

—

4.16 14*21 108*7 12*32 99*0 12*66 100*1 11*82 99*9

4.86 14*00 102*2 12*46 100*1 12*46 99*8 11*83 100*0

6. 0 18*08 95*6 12*63 100*6 12*68 100*2 11*83 100*0

5.80 18*53 98*8 12*47 100*2 12*69 100*8 11*84 101*1

18*70
'

100*0 12*45 100*0 12-55 100*0 11*83 100*0

1

[Special Pentane, Sp. Gr. *6291

Bbbcxnbix’s-— Lamp B->
4.46 18*29 99*4 12*46 100*1 12*60 99*8 11*79 99*6

6. 6 18*20 98*7 12*43 99-8 12*66 100*8 11*87 100*2

6.26 18*59 101*6 12*46 100*1 12*68 100*5 11*84 100*0

6.46 13*11 98*0 12*45 100*0 12*67 99*6 11*84 100*0

6.10 18*88 102*8 12*46 100*0 12*62 100*0 11*86 100*2

6A0 18*87 100*0 12*46 100*0 12*60 99*8 11*84
%

100*0

18*87 100*0 13*46 100*0 12*62 100*0 11*84 100*0

MiluibIs-- Lamp A—
OAO 18*93 99*8 13*50 99*7 12*66 99*7 12*03 100*4

6.10 18*83 99*1 12*63 99*9 12*68 100*8 11*96 99*8

%.80 18*85 99*8 12*62 99*8 12*68 99*9 11*99 100*1

7. 0 18*96 100*1 12*66 100*2 12*60 100*1 11*96 99*8

7.20 14*17 101*6 12*69 100*4 12*69 100*0 11*98 100*0

Mean 18*94 100*0 12*64 100*0 12*69 100*0 11*98 100*0

1

Miller’s New 1 « • Lamp B—
6.60 12*60 89*2 12*66 100*0 13*65 99*9 11*89 99*6

6.10 18*46 96*3 13*63 99*7 13*64 99*8 11*98 99*8

6.80 14*86 101*6 12*67 100*1 13*68 100*2 11*98 100*2

7. 0 16*80 108*8 12*68 100*2 13*66 99*9 12*01 100*5

14*99 106*0 12*66 100*0 13*68 100.3 11*96 100*1

la

14*14 100*0 12*66 100*0 13*66 100*0 11*96 1004)
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Table I.

—

cmvtimisd.

Date Time

f

Caudles
Pentane
Standard

% e

Pentane Lamp Amyl-acetate Lamp

1888 IBI
Millrr's—

Per cent. Per cent. Per cent.
j^MP A—

Per otmt.
June 4 13*48 100*0 12*67 99*8 12*67 100*2 11*97 ' 100*0

gfol 13*66 lCO-6 12*56 99*8 12*63 99*8 11*96 99*9

5. 0 13*09 97*1 12*63 100*2 12*64 99*9 11*96 99*8

6.30 13*81 102*4 12*63 100*2 12*67 100*2 11*99 100*2
f;

• Mean 13*48 100*0
•

12*60 100*0 12*66 100*0 11*97 100*0

June 6 6. 0
Mkxkb’s Nkw 6"—

13*77 99*2

•

12*58 99*8 12*6% 100*1
Lamp C

—

11*93 99*7

5.20 13*51 97*3 12*57 99-7 12*67 99*9 11*97 100*1
6.40 13*42 96*7 12*69 99*8 16*68 100*0 11*95 99*9
6.30 14*09 101*5 12*66 100*4 12*68 100*0 12*00 100*8
6.60 14*61 105*3 12*63 100*2 12*67 99*9 11*96 100*0

Mean 13*88 100*0 12*61 100*0 12*68 100*0 C .11*96
» A

100*0'^

Note.

—

The testings were taken alternately by Messrs. Wood and Grimwood.

Table II.

Date
Miller and
Brecknell’s

Candles

1888
April 16 11*88 M
» 17 —
« 18 —
» 23 —

24 —
„ 28 —
„ 26 13*30 M
„ 27 13*28 B

30 —
May 1 13*47 B

2 13*66 M
» 4 —
M 8 12*97 M
„ 10 13*30 B
„ 11

14 13*65 M
» 15 —

17 13*37 B
18 13*96 M

„ 26 13*86 M
„ 28 —

29 13*37 B
30 13*94 M

„ 31 —
June 4 13*48 M
„ 6

#

Mean of

Miller’s 13*41

Mean of Breck-
neU’s 13*36

Miller’s New
Candles

13-00

12*73

13*98

13*40
13*38

13*97

13*63

13*73 (r>")

14*00 (7")

13*70 (7")

14*14 (6")

13*88 (6")

13-G2

Pentane
Standard

12*14

12*16

12*85

12*37

12*36

12*33

12*36

12*37

12*33

12*30 [*632]
12*33

12*3.6

12*32

12.38

12*21 [628]
12*29

12 34
12*40

12*36

12*46

12*46 [*629]

Pen-
tane
Lamp

12*08

1

12*18

12*10

12*61

12*41

12*43

12*38

12*36

12*46

12*32

12*37

12*37

12*35

12*36

12*43

12*34

12*34

12*48

12*66

12*48

12*66

12*62

Amyl-acetate Lamp

12*39

12*14

11*74

11*85

11*84

11*95

12*03

11*99

11*63

12*11

11*79 --

11*87 —
— 11*64
— 11*83
— 11*77

11*98

11*99
— 11*83— 11-80— 12-06

11*72— 11*76

11*83— 11*84
11-98

11*96

11*97 “

A B
11*89 11*88

11*96
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Appendix II.

Incandescent Platintun,

like attention the Committee was naturally directed to the pro-
posed French standard suggf^sted by M. Violle, namely, the light
emitted by a square centimetre of liquid platinum at the solidifying
poinl^ . The apparatus required for# «he production of such a standard is

of necessity very cumbrous and inconvenient and extremely ill-suited for
photometiical measurements. The attention’of the Committee was there-
fore directed to methods of 'obtaining the same result in a more con-
venient manner and on' a smajler scale, with the view of constructing
apparatus which could without inconvenience be introduced into an
ordinary photometer.

For this purpose*che apparatus employed by Mr. Dibdin in his recent
experiments was first tried. This consists of an arrangement by means
of which a roll of platinum foil was stretched over two rollers, having an
interifaUof about three inches between them, across which the foil was
stretched. In*front of the foil a steatite plate having a circular aperture
of a quarter o*f an inch was placed, and immediately behind the foil was
an oxyhydrogen burner so arranged that when a full fiame was turned on
it impinged upon the foil in a direction horizontal with the aperture in

the steatite plate and thus heated the platinum to fusion. Although the
mechanical parifworked as satisfactorily as could be desired, the results

obtained on the photometer vcp© so variable that no reliance could be
placed upon them. The method was then modified by placing the foil

between two plates of perforated steatite so as to inclose the portion to be
hearted in a steatite cell. It was found, however, that the close contact of

the steatite conducted the heat away from the platinum so rapidly that

only an irregular portion in the middle of the cell was actually fused, and
the results were even more unsatisfactory than before.

It was next considered desirable to vary the method by heating a
thick

,
rod of platinum to its melting-point and allowing the light from

the fused bead of metal thus obtained to pass to tlie photometer disc

through a small opening in a suitable mask. This method was found to

be all but impracticable, but it gave results of value as indicating one

cause of the uncertainty in the quantity of light emitted from molten

metallio surfaces. It was observed that small scum-like particles were
constantly floating over the surface of the molten platinum, and that

these particles gave far more light than the mass of metal itself. Con-

sequently as there existed no means of ensuring the absence of such

partmle.' it was obvious that there could be little certainty in the light

emif^d frilm such unevenly illuminated surfaces.

In addition to the blowpipe experiments, it appeared desirable to try

the experiment of fusing platinum by means of the electric current as it

seerne^ probable that by this means the platinum could be kept in an^

given condition of incandescence a longer period, and that the experi-

ment would be more under control. An apparatus for the purpose was

consequently arranged. A strip of platinum was held between two metal

•clips insulated from each other. Close in front of the platinum wm
^

placed sf small screen having a perforation of a quarter of an inch in
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diameter through which the incandescent Wrfaoe could be observed^

This arrangement was placed in circuit with eight or ten cells eof a
secondary battery^ an ammeter and an adjustaotl^ resistance being included

in the circuit.- It was necessary that the resistance should be ciipable of

being taken out very slowly, so that the current might be gradually and
regularly increased. w ,

The arrangement devised answered very well in practice. It conlisted

of a frame across which was stretched a series of lengths of german*

silver wire, some of them being straight and others coiled so as to give

varying amounts of resistance in eacli length. By means of plugs ahy or-

all of the lengths couh\ be*put in and out at pleasure, and by this means the
resistance could be roughly adjusted. The fine adjustment was given by
a oross-jfiece working along two of the straight wires and moved by a^

moderately fine screw. As the cross-pieifes moved along the length of

the wires it, by connecting the two, brought more or less resistance into*

the circuit. The resistance of the whole arrangemei^t amounted to af^out

one ohm. It was found that with this arrangement the strip of platinum
could be rapidly raised to incandescence, and could be kept close to the
melting-point for a considerable time, : a very slight increase in the*

current being then sufficient to cause fusion. The photometric testa

made with this arrangement confirmed those which had been made when
the platinum was fused by the ozyhydrogen jet

;
that is to say, the

observations showed considerable irregularity, so much indeed that it

did not seem worth while to make, as had originally been intended, a long,

series of them, nor to construct apparatus more accurate than the first

experimental one.

A decided defect in the apparatus was the buckling of the platinum-

As it was tightly gripped at each end there was no room for expansion,,

and before melting there was considerable expansion and consequent

buckling. Had it seemed worth while to do so, it would not have been
difficult to devise an apparatus by which this might have been obviated,,

but the results were not sufficiently encouraging.

A few photographic tests were also made by permitting the light from
the incandescent platinum to fiill through a screen with openings in it

upon a sensitive plate, a number of exposures from different pieces of
platinum being made on the same plate. These of course could only be
looked upon as rough tests, but they also seemed to indicate that the

amount of radiation from a given surface of platinum at the moment of
fusion is not absolutely constant under the conditions we have described,

and so far as they are worth anything they may be taken as confirming the
conclusion obtained by the other methods.
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Report of the Gomtmtbte^ consisting of Professor Crjm Brown
{Secretary^ Mr. Milne-Home, Dr. John Murray, Lord McLaren,
<md Dr. Bu^an, appointed for the purpose of co^operathig with
•the ScottisW Meteorological Society in making Meteorological

Observations on Ben Nevis,

The laborious work of observingb Iiourly by night and by day has been
carried on by Mr. Omond and his assistants during the past year mth the

same enthusiasm and continuity as in previous years
;
and the live daily

observations at Port William, in connection with the observi|.tory, have
similarly been made with thej^reatest regularity by Mr. Livingston.

The state of the health of the observers, occasioned by their continuous
residenqe on the tcp d the mountain, where ective exercise in the open
2k\f is practicalljr' precluded during most of the year, rendered it abso-

lutely necessary to give them relief during last winter. Accordingly
the services of Mr. Drysdale, B.Sc., were secured for six months, thus
affo?ydiag Messrs. Omond and Rankin three months’ residence each in

Edinburgh, Y
during which they gave assistance in the office of the

Scottish Meteorological Society. In this way effective help was given
in the preparation of the report, for the ‘ Transactions of the Royal
Society of Edinburgh,* of the Ben Nevis observations from the opening of

the observatory in November 1883 to December 1887, to which date the

report has beeh brought down. To these observations have been added
the five daily observations 'made at the low-level station at Fort William.
All of these observations are already printed, and as the report itself is

now nearly all in type, the volume will shortly bo ready for publication.

The delay of publication has been occasioned by the extension of the

period to December last and by a pressure of other work, which has
precluded Mr. Buchan from giving more than a sinall portion of his time
to the preparation of the report.

A grant of 25/. was obtained from the Government Research Fund in

May last for the purchase of the necessary apparatus for photographing
clouds and other meteorological phenomena at the observatory. Atten-
tion is meantime chiefly directed to clouds, halos, and other optical

phenomena, and much interest is attached to the questions which have *

been already raised by these lines of research that give good promise of

leading to a knowledge of the constituents of clouds, but more particu-

larly of the exact forms of jthe ice-crystals of whidlt many of them are

composed.
^During the year Mr. Omond has continued the observations on earth-

qurrlli% begun by Mr. H. N. Dickson in a previous year, and has traced
aif hr^portant connection between them and the general state of the
wither. Mr. Rankin, has collected the eighteen cases of St. Elmo’s Fire

which have occurred at the observatory and discussed the observations
of pressure, temperature, winds, &c., for thirty hours previous and
eignteen hours subsequent to thefr occurrence, together with the cyclones

and other weather phenomena which, as shown by the daily weather-
maps of the Meteorological Office, had occurred in North-western Europe
at the timps. The papers on these subjects will shortly appear in the
* Journal of the Scottish Meteorological Society.’ As regards the cases

1888. E
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of St. Elmo’s Fire it may be, enough here 'to say tha.t they occur at

certain well- defified phases in the non-periodic^ ^uctuations of atmospheric

pressure, temperature, humidity, changes of wind, and arrival from the

Atlantic of equally well-defined types of weather with their characteristie

cyclones. ' \ .

In addition to these researches and the preparationwf the Ben IJevis

observations for the press Messrs. Omond and Rankin have been con-

ducting, as time and opportunity permitted, the investigations referred to

in last year’s report.
^

•

For the year 1887 the following were the monthly mean pressures

and temperatures, the liours of sunshine, the amounts of the rainfall, and
number of days without rain as recorded aft the observatory, the mean
pressures at Fort William being reduced to 32° and sea-level, those of

Ben Nevis Observatory to 32° only :

—

A »

Jan. Peb. March April May June July Aug.

—V
Sept,

1

Oct. Nov. |*Dec. ^ear
' w- - - — - —

Mean Press^ires in Inches.

BenNeyisOb 25-169 25-494 25-390 25-375 25-472 25*680 25-426 25-424 i 25-359 25-445 00001 2^-089 25-866

senratory
«

Fort William 29-753 30-128 30-433 29-993 30-044 30-168 29*908 29-911 29-875 80-047 ,29*656 29-699 29-934

Difference . 4-694 4-634 4-643 4-618 4*672 4-488 4-477 4-487 4-516 4*602 ^-670 4-610 4-568

Mean Temperatures

.

Ben NevisOb-
o

24*9
O

27-1
o

24-0 26-6
o

32-2
o

45-4
o

41*8 48-0 36-6 2§*4 26-0
0

22-7 3f-3

servatory
Port William 39-2 40-5 38-8 42A 49-8 •58-3 57-6 56*4 61*1 44-8 40-2 36-0 46-2

Difference i 14-3 13-4 14-8 16-9 17-1 12-9 16*3
•

16-4 14-6 16-4 14-2 13-3 15-0

Rainfall in Inches.

Ben Nevifl Ob- 17-80 13-30 6-90 7-53 3-97 7-61 11-54 8-71 10-99 12-19 8-99 17-58 126*01

servatory
Days of no 7 12 14 15 17 18 4 9 11 8 9 4 128

Jlain

Port William 12-73 11-40 3-50 3*49 1-87 3*23 7-90 3*08 4-56 6*22 6-09 8-18 71-19

Hours of Sunshine to nearest Whole Hours at Ben Nevis Observatory,

No. of Hours 23 56 74 120 129 206 58 57 84 32 31 28 898
Possible Hours 231 264 365 426 508 529 528 467 381 319 242 210 4,470

For the year the mean temperature at Fort William was a degree
below the average, the greatest defects from the means being 3°‘0 in

April, 2° 9 in December, 2°*7 in October, and 2°‘3 in March. On the
other hand, Febri|ary was 1°*6 above the average temperature of the
month, and June 2®*6. At the top of the Ben the mean temperature of
June was even relatively higher that at Fort William, being 46°’4, which
is the highest monthly mean hitherto observed. ci

The minimum temperature on Ben Nevis for the year was 9°*Qj on
March 12 at 2 a.m., which closely agrees with the minimum of previous
years. The maximum was 67°'0 on June 24, which is 7^*0 higher
than any previously recorded maximum. On seven days of this month
the temperature rose above 60°‘0, an^ on September 20 a tempeknture
of 68° ‘8 was recorded. Indeed, an unusual occurrence of high tempera-
tures was an outstanding feature of the meteorology of Ben Nevis during
the year.

^
The registrations of the sunshine recorder showed 898 hours«of sim*

shine during the year, the smallest number of hours, 23, occurred in
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January, and the largest, 206, in«Jane,i the latter number being the largest

for aAy month recorded#^wn to the end of 1887. In. June of 1888,
however, there have been 250 hours’ sunshine recorded, being nearly half
the possible sunshine—an amount equalled at but few places in the
British Islands hist June. The hours of sunshine were 680 for 1885, 576
fow 1886, and 898 for 1887, the amount of sunshine being thus greatly

in excess of the two preceding years. In 1887 the amount was thus 20
per cent, of the possible sunshine, but in June the amount was 40 per
cei)t. The distribution of the surysbine during the hours of the day from
j6 A.M. to 6 p.M. was 29, 42, 62 ; 81, 90, 87 ; §8, 83, 76 ; 70, 51, and 46

;

a distribution closely agreeing with that of 1884, 1885, and 1886.

The amount of the rainTall for the year was 126*01 inches, the month
•of least rainfall, 3*97 inche^ being May, and of greatest rainfall, 17*80

inches, January, the month or December, however, following close with a
rainfall of 17*58 irches. The number of days on which the precipitation

was nily or less than 0*01 inch, was 128, being thus 31 dry days in excess of.

1886. On the other hand the number of days on which one inch of rain,

or upwards, fell were 37, or about one day in ten, being less frequent

than iu previous years, when such heavy rainfalls occurred once a week
on. the average. The unusually heavy rainfalls with the dates of their

occurrence were 3*57 inches on January 27, 3 48 inches on December
3, 2*97 inches on December 4, 2 85 inches on February 23, 2*52

inches on the 24, and 2*47 inches on January 19. For longer periods

the results are 7*19 inches for the four days ending January 28, 7*87

inches ' for th® four days ending February 25, and 7*40 inches for

the three days ending Fel^rijary 3.

Atmospheric pressure w-as considerably above the average for the year,

the mean at Fort William being 29 934 inches instead of 29*834 inches.

In November, December, and January it was considerably ifnder the

monthly means, but in every other month the means were exceeded,

the greatest excess, 0*260 inch, being in June. Thus the June of 1887 is

noteworthy in the meteorology of Ben Nevis for the prevalence of an
unwonted high atmospheric pressure and for an equally unwonted high
temperature, due to an unusual predominance of anticyclones over thus

part of Europe during at least the last two-thirds of the month, with the

characteristic high temperatures and extremely dry states of the atmo-
sphere which accompany them.

These warm, dry states of the atmosphere were most marked from
the 22nd to the 25th. During these four days the means from the 24
hourly observations were :— ' it

^ Day of Month . Dry Wet Pressure, Inches

O O
26*94322 68*2 60*6

...f
- 23 69*3 48*0 26*912

24 60*7 49*9 26*931

25
• •

68*3 60*3 25*866

Means 6̂9*1 49*7 26*913

Means at Fort William 66*1 60*4 30*332

Differences 7*0 10*7 4*419

E 2
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Thns, instead of the normal difference of 16®*0 between the top and
bottom of the •monntain, it was only daring these four days, and,
instead of the air at the top being moister (ban at the bottom, it was
greatly drier. Hence the air at the top did not owe its great dryUess
and high temperature to ascending currents from lower levels up the
sides of the mountain, heated by the strong insolatio^ prevailing at the
time, but to descending currents from great heights, which are cliarac*^

teristic of anticyclones, by which dryness and heat are developed much in

the same way as' happens in the case of the Fohn of the lower Alps. So-

markedly and so frequently did this fype of weather prevail during 'ffune

that the mean temp^ratflre.of the month at the observatory was only
12°*9 lower than that at Fort William, being the least monthly difference

hitherto observed during any season of the year.

It may be here suggested that this peculiarity of anticyclones playe
a highly important and beneficial part climatically in mitigating the
rigours of winter over those portions of Asia and America which^^are
almost continuously within extensive anticyclones during the winter
months. For the investigation of this phase of weather and climate it is

evident that the Ben Nevis observations afford data of the most invalu>

able description. '

To this report is appended Table I., giving the hourly deviations
from the mean atmospheric pressure for the months and the year, and
Table II. the deviation from the mean temperature calculated from the^

four years* observations ending with 1887.

It was hoped that the work of discussing the Ben Nevis observations
would by this time have extended farther than it has done beyond the
determination of the hourly constants of Ifiie more prominent meteoro*
logical elements in the direction of the investigation of the relations of
the observations to the weather of North-western Europe. But it was
found that the preparation of the observations for the press, and seeing
them through it, occupied much more time than had been anticipated.

Indeed, this work occupied the whole time of Messrs. Omond and !^nkm
when they were in the office of the Scottish Meteorological Society, to-

gether with nearly the whole of the time of the treasurer’s clei^
;
and,,

besides, since the beginning of the year less time has been at Mr. Buchan’a
disposal for personally carrying out the laborious work of the discussion.

In these circumstances the directors of the observatory have taken
into consideration the whole question, and are maturing a plan for a
thorough discussion of the Ben Nevis and Fort William obse;:vations

in their scientific |.nd practical bearings, which they hope to complete in

the course of the autumn. This plan will require for the carrying of it

out a small additional staff working in conjunction with the office in
Edinburgh and the staff of the Ben Nevis Observatory for a periodgof at
least three years.

^
In connection with the practical side of the inquiry your Committee

refer with the greatest satisfaction to the publication by General Greely,
chief signal officer of the United States Army, of Daily Weather Charts
of the Atlantic, beginning with Octo\|ier 1886. These charts have been
partially examined in connection with the Ben Nevis observations, and it

is not possible to overestimate tl^eir importance in the large inquiry now
in contexhplation W the directors as to the relations of these observatioha
to the weather of North-western Europe, which is ti*uly an mtemational
undertaking. With the United States charts will be conjoined the obser-
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TatioDs of storms and other phenomena made at the Scottish lighthouses,

as described in previous reports, aud the bi-daily charts ‘of the Meteoro-
logical OflB.ce. One of the points to which attention will be specially given
will be to ascertain the earliest time at which storms, seen to be advancing

. over the Atlantic Jfowards Europe, could be signalled from the Ben Nevis
obseBwations in combination with observations at lower levels

; and,
further, to endeavour from an investigation of the bearings of the Ben
Nevis observations on the movements and courses of anticyclones and
cyclenes to ascertain the path the advancing cyclone will take, whether
to the north of, across, or to the south of tj^e British Islands in its

easterly course.

As the British Association is aware, your Committee have from the
commencement insisted on tj^e necessity of an observatory at Port
William, near sea-level, at which hourly observations can be recorded, in

•order that the observations made at the top of Ben Nevis may be properly
ntiBsed in their scientific and practical bearings.

With reference to this low-level observatory a copy of the Report of
the Council of the Scottish Meteorological Society, dated July 23, is sent
herewith, with a passage marked on page 2 giving a cori'espondence with
the Meteorological Conncil, who oflTer a grant towards the maintenance
of the low-level observatory, ‘ which they regard as a very imporjant
adjunct to the existing high-level observatory,* and further to equip the
observatory with the required outfit of meteorological instruments. The
directors have applied to the Association of the Edinburgh International
Exhibition of 1886 for a grant from their surplus fund towards the
buildiug of the observatory at Fort William, and they are in good
hopes that they will in a month or two be in a position to commence the
building.

Table I.

—

Showing the Hourly Variations from the Mean Atmospheric

Pressure {expressed in Thousandths of an Inch) from the four years'

« observations ending with 1887.

Jan. June July Aug. Sept. Oct. Nov. Dec. Year

1 A.M. 6 5 1 - 1 n - 2 - 1 - 1 8 7 1

2 1 1 - 4 - 8 - 8 Bn - 8 - 6 - 8 4 - 4
3 0 - 6 - 8 -11 -13 -11 -14 2 - 9
4 99

- 4 -12 -10 -15 -14 -17. -17 -16 -17 -11 ~ 4 -13
6 99

- 7 -13 -12 -20 -17 -21 -19 -22 -16 -16
6 99

- 9 -14 - 9 BU -15 -16 -18 -17 -19 -20 -14 -16

7 99
- 8 -11 - 7 -15 -11 -11 -14 -12 -13 -18 -14 -12

8 99
- 2 - 7 - 2 - 9 - 7 -10 - 8 - 6 - 9

9
99

2 - 3 1m - 4 - 6 - 3 HI - 1
91' 4 1 8 1 - 3 1 - 2 0

if 4 4 41 5 2 HI 3 2 HI
1 6 6 8 8 5H 10 - 1 HI •

1 PJi. - 6 0 4 9 10 9 8 - 3 - 6
s '

99 -10 1 •4 11 15 9 bei 11 8 - 3 - 8
3 99

-10 - 2 2 10 12 m HIHI - 1 - 8
4 a99

- 6 - 2 - 1 10 8 12 HIHi 0 HI
5

99

.*i»9

- 4 - 4 5 6 8 2 . 2 0 HI
f 0 8 • 3 5 6 2 5 8 8 3

7 99 8 6 « 2 4 8 6 6 8 8 8 5

8 99 7 10 5 9 7 7 9 8 11 12 HOI 8

9 99 1 10 9 6 10 8 10 9 9 14 12 9

9 8 8 8 11 8 9 8 12 12 9
11 12 7 S Hi 6 6 5 5 5 11 7

1

Midnight 3 8 8 2 4 1 0 8 1 11 9 4
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Table II.—Showing the Hourly Variations the Mean Temperature

from thefour years* observations ending with 1887.

Jan . Feb. April May Juno July Aug. Sept. Qot. Nov. Deo. Year

1 AJtl.
o,

-01
0- 0*3

o- 0-6 -0’8 -r2 -fl
o- 0*9

o-0-8 HI 1 ' o- 0*8

3 - 0-1 -0-4 - 0-6 - 1*0 - 1-3 - 1-3 -M - 1-1 Biil - 0-7

3 n — 0*4 -0*7 - 1-1 - 1-4 -1-4 - 1-3 - 1*2 bI] -0*7

4 „ -0-2 -0-8 -0-6 - 1*3 - 1-8 - 1*8 - 1*8 — 1-4 -0-2 -«-8
6 M -0-3 - 0*4 - 0-8 - 1-3 - 1*4.

- 1
-6 . - 1*6 - 1-6 - 1-1 Bll - 0-3 *0*9

6 -0-1 -0-4 - 0-7 - 1*3 - 1*1 - 1 -4
* - 1-6 - 1-2 - 0-8 -0-1 - 0-4 -0*8

7 „ -0-1 -0*8 ^0-7
•
- I'l -M - 1-2 - 1*3 - 1*1 Wil - 0*3 - 0-7

8 -0*1 -0-6 - 0-5 - 0*8 a- 1-2 - 0-6 -01 -0-3 -0-8

8 «
-0*1 -0-4 - 0-2 - 0*2 HSl -0*3 - 0*2

10 „ 0*1 0-0 0-1 0-1 0-3 0*3 0*3 Bzl 0-0 0*2

11 ,,
0-2 0-4 0*6 0*7 0-7 0*6 0*6 0-2 0*6

Noon 0-3 0*6 0-8 1-0 1-1 1*2 1-2B jljl 0*3 0-9

1 P.M. 0-3 0-8 0*8a 1*8 1-4 1-8 1*6 0-6 0*4 M
2 „ 0*2 0*8 1-0 1-3 i-e 1-8 1*7 1-9 0-6 0-4

i

5*2

3 n 0-3 0*7 1-6 19 1-7 1-9 1-6 0-3 1*1

4 „ 0-1 0*8 0*7 1-8 1*7 1*8o • 0-8 0-1 1-0

5 0-0 0-2 0-3 SISI 1-4 1-6 0-8 - 0-1 0-0 0*7

6 „ -0*1 0-0 0*2 0*9 0-9 la 1*0 1*1 0-8 0*0 0-8

7 „
- 0*1 0-1 0-5 0*6 0-9 0*9 00 0-1 ’ - 0*1 ^ 0-3

8 „
- 0*1 - 0*1 0-0 0*2 0-1 0*4 -0-2 i- iV2 - 0*1 0*0

9 „ -0-2 0-e - 0-1 0-0 -0-; - 0-3 0*1 - 0*2 Bi2H -0*2 0-0 -0*1

10 „
- 0-2 - 0-1 - 0-3 -0-3 - 0-6 -0*5 - 0-2 -0-2 BU - 0-1 -0-8

11 „ - 0*2 - 0*1 - 0*8 - 0-6 - 0-9 -0-7 - 0-6 - 0-6 -0-4 -0-1 - 0-2 -0-2
1
1

Midnight -0-2 - 0-2 - 0-4 - 0-7 -10 -ro -0*7 - 0'8 - 0*6 - 0-2 - 0*2 0*0

Second Report of the Committee^ consisting of Professors Tilden^
McLeod, Pickering, Ramsay, and Young cmd Drs. A. R. Leeds
and Nicol {Secretary)^ appointed for the purpose of 'reporting)

on the Bibliography of Solution,

PoggendorfiE’s ‘ Annalen ’ (completed)
;

‘ Annales de Chimie et de Physique ’

;

* Chemical News ’

;

* Philosophical Magazine ’

;

‘ Philosophical Transactions ’
j

* Proceedings of the Royal Society of London ’ (in part)

;

in all 350 volumes
;
with the result that 194 papers have been addedt

to the list. These papers are distributed as follows :

—

A. 1 = 8; 2 = 4 12
B. 1 = 29; 2 = 1; 3 = 2 32
C. 1 = 21; 3 = 6; 4= 17; 6 = 10; 6 = 13; 7= 6; 8 = 1; 10= 1 74
D. 1 = 16; 2-2 . .17
Miscellaneous . . . .69

The number of papers obtained in aU is 649.

The Committee is indebted to Mr. T. tJ. Baker, B.Sc., King Edward's-
School, Birmingham, for assistance in searching the ‘ Annales de Ghunit'
et de Physique.'
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Report of the Committee^ consisting of Professor G. Carey Foster,

Sir William Thomson, Professor Ayrton, Professor J. Perry,
Professor Adams, Lord Kayleigh, Dr. 0. J. Lodge, Dr.

John Hopkinson, Dr. A. Mdirhead, Mr. W. H. Preece, Mr.
Herbert Taylor, Professor Everett, Professor Schuster, Dr.

J. A. Fleming, Professor G. F. Fitzgerald, Mr. K. T. Glaze-
brook {Secretary), Professor Chrystal, Mr. H. Tomlinson, Pro-

fessor W. Garnett, Professor J. J. Thomson, Mr. W. N. Shaw,
Mr. J. T. Bottomley, and Mr. T.* Gray, appointed for the

purpose of constructing and issuing Practical Standards for
use i/n Elexitrical Measurements.

'

f
•

[Plate I.]

The Committee report that the work of testing resistance coils has

been continued at the Cavendish Laboratory, and a table of the values

found fer the various coils is given.

Legal Ohms.

Resistance in Legal Ohms

•99971

1*00006

B.A. Units.

Resistance in B.A. Units

1*00049

*99966

In conformity with the opinion expressed by the Committee in their

last report some steps have been taken towards the construction of an
air-condenser.

A meeting was held iu London and Dr. Alex. Muirhead exhibited

ana air-condenser, capacity about *0035 mf. This condenser consists

' o^ a series of concentric cylinders of brass insulated from each other by
•glass rods.

Dr. Muirhead expressed his willingness to lend this condenser to

the Committee with two others of similar construction, and it was agreed

that* the Secretary should be requested to test them and to make a

determination of .their absoltfte* capacity. Some delay in sending the

instruments to Cambridge unavoidably took place, but the experiments

requisite are now in progress
;
so far, of the 80Z. granted last year for the

piirpoie only 2/. 10a. has been expended.
During the year the original resistance standards of the Association

Temperature

13®-8

140.7

No.ofCk)il

BUiott, 193 *.
• ^ No. 178

Elliott, 201 . .
. ^ No. 181

Temperature

16°*6

14®*8
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have been compared with each other by the Secretary and Mr. T. C. Fitz-

patrick ;
an accbnnt of the experiments is given in an appendix ""to the

report, together with a chart giving the values of their resistance between
lO** and 20°. The general result of the comparison is that with two
exceptions the relative values of the standards betw^n the tempera*
tures of 10° and 20° have not seriously changed since'^ they were 6on-
structed in 1865 until June 1888. A change of about *0002 B.A. Unit
has been observed in the coil F since the end of June 1888.

The attention of the Committee has-been directed by several practical

electricians to the desirab^ity of a redetermination oi the value of the
specific resistance of copper. ‘It is known that copper wire is now made
having a resistance 3 or 4 per cent, less than Matthiessen’s standard.

In view of the importance of copper electricians the Committee
have undertaken to make experiments on the specific resistance of copper,
and wish to thank the various gentlemen, who have brought the matter
forward, for their offers of help.

®

At the last meeting of the Committee it was resolved, on the motion
of Mr. W. H. Preece, to adopt the name * Therm *

for the Gramme-Water
Degree Centigrade Unit of Heat. • rv;

Thus one * Therm’ is the quantity of heat required 40 raise one
gramme of water at its maximum density one degree Centigrade.

It was also agreed to adopt the name * Joule ’ for 10^ C.G.S. units qf
work. Thus a Joule is equal to 10^ ergs. It is the work done in one
second by the power of one Watt, or again the work done when a
current of one Ampere flows for one second between two points between
which the difference of potential is one Yolti and hence a power of one
Watt is one Joule per second.

Hence, also, if we take the value of the mechanical equivalent of heat
as 4*2 X 10^ ©rgs, we have

1 Therm=4*2 Joules.

In accordance with a suggestion made at the Manchester meeting the
value of the resistance of mercury in terms of the B.A'. Unit has been
again determined by the Secretary and Mr. Fitzpatrick.^

They find that a column of mercury I metre long 1 sqr. mm. in

section has at 0° C. a resistance of *95352 B.A. Unit, and that the value of
the ohm in centimetres of mercury is 106*29.

The Committee are of opinion that they should be reappointed, with
the addition of the name of Mr. T. C. Fitzpatrick, to continue the experi-

ments already referred to ; they ask for a grant of lOOZ. They propose
that Professor G. Carey Foster should be the Chairman and Mr. B. T.

Glazebrook the Secretary.

Appendix.

On the Permanence of the Original Standards of Resistance of the British

Association and of other Standard Ooils. By JB. T. Glazebrook and
T. C. Fitzpatrick; i

The original standards were compared &gether by Messrs. Matthiessen
and Hockin in 1865 and 1867, by Messrs. Chrystal and Saunder in 1876,
by Dr. Fleming in 1879-81, and by the Secretary and Mr. Fitzpatrick in

1887-88. , The details of Dr. Fleming’s observations have .nevei> been

' Proe. Royal Soe. vol. xlir.
;
Phil. Tram. 1888.
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C
.

"published, and we have to thank him for having placed hw noteohook and
papers at our disposal. • • ''

The question of the permanence of wire standards has been discussed
recently by Professor Himstedt, ‘ Wied. Ann.* xxxi. p. 617, and it seemed
desirable to brin^^ogether all the information attainable as to the original

coils* of the Ass^iation and others used by Messrs. Matthiessen and
Hockin in 1867.

The original coils of the Association are six in number, and the tem-
peratures at which each has a re^Rstance of 1 B.A.IJ. are given by Mr.
Hockin in the Report for 1867. In addition these six coils Messrs.
Ohrystal and Saunder examined the coil N6. 29, marked F by them, and
also a coil known as Flat, which are not mentioned in Mr. Hockin’s re-

port. The results of these twp comparisons are given in the following
table :

—

Table I.—Table giving the results of comparisons in 1867 and 1876.

Material of

Coil
•

No. in 1867
Report

Mark in 1876
Report

Temperature at which
Coil is 1 B.A.U., 1867

Temperature at which
Coilis 1 B.A.U., 1876

»

Ptir

•

• 2 A 16° 161
Pt Ir 3 B 16-8 16*8

' Au Ag 68 C 16*3 16‘3

Pt 35 D 16*7 16
Pt 36 B ' 16'7 16*8

Pt Ag • 29 F not given (19*4 ?)

Pt Ag 43 16-2 18*2

* It will be noticed that the coil G of Pt Ag is the only one for which
the table shows any marked alteration.

Now Matthiessen gives as the percentage increase of resistance per
1° C. for Pt Ir the value *032. Our own experiments show it to be lower
than this, and the value found for G by Dr. Fleming after a most careful
aeries of experiments is '0278. I can find no record of the temperature
at which Hockin actually worked. If it were below 16° and the tempera-
ture at which the coil was right was found by the use of the ooeflEicient

^032 the temperature so found would be too low.
If we assume Hockin*s measnrements to have been made at 0° C. and

take Fleming’s value *028 for the coefficient we find the temperature at
which the coil was right to be 18°'l.

We have next to consider the very complete series of measurements
"taken by Dr. J. A. Fleming in 1879-81

; the results of these measure-
ments were tabulated on a chart which has been kept with these coils

aincS that date. For the details of the experiments we have to thank
Dr^Fleming, who placed at our disposal his note-books. The principle of
his observations was as follows. If X, Y be two coils to be compared,
•one X, say, was kept at 0^ 0., while the temperature of Y was vai'ied
from to 20°. The differences between the resistance of X at 0° and Y
*t. various temperatures were measured by Carey Foster’s method in
terms of the wire of the Fleming bridge. The values of this difference
were plotted as ordinates, the temperatures being the abscisssB, and thus
•a curve^aa obtained giving the variation of resistance with temperature

* In obtaining this column it was assumed that B remained unchanged between
1867 and 1876.
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for the coil Y. For the standard coil Flat fhis burve is accnrately a-

straight line. This coil was then kept at the temperature of X.

varied, and so on for all the coils.

Kow, at the temperatures given in Table I., column 4, taken from
the 1867 Report the resistances of all the coils should be the satne.

Fleming found that this was not quite strictly true. HeCdefines therefore

as the Mean B.A. Unit the mean of the values of the coils at the temper**

atures at which they were originally said to be equal. This value ia

shown on his diagram by a red horizontal line.

For the coils of platinum silver alloy, which is now used for standards,

Fleming’s results are i.pcurate]y represented by straight lines for the tem-
perature curves. This, however, is not so strictly the case for the coils

A and B of platinum iridium alloy; thus for these two coils Fleming
, took observations in the neighbourhood **of 0®, 4®, 8®, 15®, and 21®,

numerous observations being made at ea9h temperature
;
the straight line

on the chart joining the means of the observations at 15® and 21® passes

considerably above the observations at 0°, 4®, and 8®. The same too is

the case, though in a less marked degree, for the platinum coils D and E.
In the chart as drawn by Fleming it has been assumed that the tempera-
ture curves are straight lines, and these have been drawn to represenl; all

the observations as closely as possible, but the differences, are considerable.

.If we draw curves instead of straight lines to represent Fleming’s
e:^eriment8 these curves between 10® and 20® are in all cases nearly

straight, and the differences, at the two temperatures, from Flat at 0® are

given in bridge wire divisions in Table II. ..

Table IL <

Temperature 10° Temperature 20°

A -88 205
B -97 196
C 11 166
D -280 338
£ -263 348
F 44 100
G 40 94
Flat 66 112

•

We could determine from this table the temperatures at which the
various coils are equal, and hence compare Fleming’s results with those

of previous observers
;

it will be easier to do this after discussing our
own observations.

During the past year and a half the coils have again been exannned.
by ourselves. We find that between the temperatures of about 10® 0.nd

20® Centigrade the resistances of the coils, including an eighth coil H *

(No. 6 of the Report of 1867), may be represented by the formulm given* /•

in Table III.

In obtaining the table it has beeii assumed, in accordance with the-

observations of Dr. Fleming, confirmed fcy Lord Rayleigh and ourselves,

that the resistance of one division (about 1 mm.) of our bridge wire ai a

temperature of 15® is *0000498 B.A.U. The table gives in^B.A. Units

the value of R,— Flat^, R, being the resistance of the coils in order at

temperature <5®, Flat„ that of Flat at 0®.
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Table III.

Coil
,, ,

_

—^

^

^

:

Rf-Flato in B.A.U.

.

'

A. . - 00386 + 001426 (<-!#)
B . . / - -00431 + 001436 (^-10)
vC • •. + ’00067 + *000710 (#-10)

P . . • ^ - -01434 + -003078 (#-10)
B . .

. ,

.

- -/)1330 + -003023 (#-10)
'

Pi* . . . 4# -00227 4- -000286 (#-10)

V . 4 -00192 4 -000274 (#-rl0)
- . • . » • 4 -00202 4 -000281 (#-10)
-^at . - . 4 -00279 4 -000279 (#-10)

Ilijhe results of these observations are given in the chart, ^ Plate I.

^e vertical divisions are ton bridge divisions, and the horizontal

divisidns 0®‘20. in the original chart, which is retained with the stan-

dards, 'the vertical divisions were one bridge division, or ’0000498 B.A.U.
About eleven observations on each Coil are recorded in the chart, and

in hu.^ f<8w cases is the error between observation and the corresponding

straighu line greater than that which would arise from an error of - one-

tenth of a de^ee Centigrade in the temperature of the coil.

If as above we adopt as the Mean B.A. Unit the mean of the value of

the coils at the tempeTature at which each was said to'* be originally

correct we find that this mean lies on our chart at a distance of 78*3

divisions above iihe value of Plat at 0®, so that

/ Plat at -00390 B.A.U.

The value given on Pleming^s chart is Plat at 0°=1— ’00410 B.A.U,, and'

the difference is within the errors of reading on his chart.

We have thus the data for finding the resistance of any of the coils in-

Mean B.A.U. at any temperature between 10° and 20°.

It remains to compare these results and those of previous observers..

We will take Fleming’s observations first, and for this purpose have given-

in Table' IV. the differences in bridge wire divisions between the coils at

temperatures of 10° and 20° and Plat at 0°. For the sake of comparison.

Table II. is repeated.

Table IV.

Coil

Value of R--Flato at 10° Value of R--Flato at 20°
j

1880
'
1888 1880 1888

j

1

1

•
A -88 -77-5 206 209

•b -97 -86*6 196 202
C 11 11-6 166 164
D -280 -288 338 330
E -263 -267 348 340
R 44 46-6 100 103'

G 40 • ^'6 94 93-5
' H «... - 40-6 — 97'

Elat 66

W

66 112 IVl
i

* Notf.-—The smaller letters in brackets after some of the observations on the chart,

give the initials of the observer.
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A comparison of the corresponding columns shows that the differences,

'except possibly in the case of A and B at fife lower temperature, are

probably not greater than the error of experiment. It ipust be remem-
bered that A and B change by 28 bridge divisions ^or 1® Centigrade,

while for D aaifl E the change is about 60 divisions j)er degree
; the

temperature of the coils is hardly certain to 0®*1 Centigrade 6.ndi the

^differences are within that error. As to the platinum silver coils it would
seem possible that F * has risen relatively to Flat by *0001 B.A.U. and
that G has fallen by *00005

; but these: differences are almost too small to

make certain of. With T^pgard to the results for'A and B at 10® it may
be remarked that Fleming’s lihe for these co^s is more curved than for

a>uy of the others, and that his observations at 6®‘9 and at 3® lie distinctly

^bove the line which seems to represent bsst the observations at 0®, 9®,

15®, and higher temperatures. The observations are not at sufficiently

close intervals of temperature to enable the curved line to be drawn with
accuracy, and it is clear when plotting them that the curve near 10® may
be wrong by as much as 5 or 6 bridge wire divisions.

We would conclude then that there is no certain evidence for a change
in the coils in the interval 1880 to 1888. A comparison with the* r^ults
of Hockin and Chrystal is not quite so easy. It is clear f^pm the chart
that the coils are not exactly equal at the temperatures originally stated,

and any table of temperatures at which they may be said to have the value
of 1 B.A. Unit will depend on the assumption made as to possible

changes in any of the coils. Chrystal in 1876 found that the coils B and
C were equal at the temperatures at which they were cHginally stated
to be each 1 B.A. Unit. He supposed these coils had not altered and
founds on that assumption a table of standard temperatures which agrees
well with that of Hockin except for the coil G. According to our obser-

vations the coils now marked as B and C are no longer equal at the tem-
peratures mentioned. We find, however, that D, E, and G are practically
equal at the temperatures given by Chrystal, and if we suppose G has not
altered we get the following table of standard temperatures :

—

Table V.

Standard Temperature, 1876 Standard Temperature, 1888

A
B
C
D
B
F
O
H
Flat

6-1

6*8

63
16
15*8

19*4?
18*4

16*7

16
16*1

16
16*8

16*9
18-4

17*9

16*2

The change in C, as shown in this l|tble, is not large> probably har<^
greater than would be accounted for by experimental error, while D, B,
;and G agree very closely.

The differences in the case of A, B, and F are important. To take F
^rst. It is a platinum silver coil. No. 29 of the original report. Its

'J’lie resnlts of other experiments confirm this rise in the value of F.
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temperature is, however, nc^ given in the Report for 1867, p. 483, nor i»
it marl^ed out in coil itself ^Chrystal says that it was used in some of tho
experiments ‘ because its variation coefficient was small, but otherwise wo
have not bestowed much attention on it.’ In his first table he states
that the results gi^n for F came from a single experiment, and he gives
as it| variation coefficient per 1° Centigrade 28 divisions of his bridge, while
Flat and G, also platinum silver coils, have coefficients of 34 and 35 divi-
sions. Now the observations of Fleming and ourselves show that without
any doubt these coils Flat, F, and G have practically the same coefficient,

viz.,***00028 B.AiU. per 1,° 0. TahSng Chrystal’s bridge wire as *075 ohm^
as stated by him, his value for J’lat and G cpmfis to *00026 B.A.tT., which
is in fair agreement ;

while for F we find *00021, a value which is now un-
doubtedly too low. We must infer either that the value ofF has changed
considerably or that there is sftVne accidental error in the one observation
given in Chrystal’s table. The change necessary to accoufit fon the tem-
pei^ture difference recorded in Table V. would be an increase in resist-

ance of *00067 B.A.TJ.

Let us now examine the numbers for A and B. It will be seen at
once that they have altered appreciably, having, in fact, just changed
places. Their temperature coefficients are nearly the same, and there is

no doubt that" throughout Chrystal’s observations the coil he called B
was slightly higher in value than A, .while throughout the obser-

vations of Fleming and ourselves the reverse has been the case. The
question naturally arises, have the coils been interchanged ? Chrystal

(Report, 1870, j). 17) states that, though they have no proper labels, they
are marked in some way or other so as to be identifiable. At the present

time they have brass labels 8(ff owed on to the ebonite of the frame bearing

the stamp B.A. 76 A and B.A. 76 B respectively. These were placed on
at the time of'Chrystal’s observations, and there seems just the possibility

of an accidental interchange.
The coil H, No. 6, of the original report is marked as correct at 16®*3.

It is now correct in the sense used above at 17°*9, and here again we have
apparently a large change. The resistance would appear to have gone
down by about *00070 B.A.U. in the twenty-two years which have
elapsed since it was made. This corresponds closely to the change in G
observed by Chrystal between 1867 and 1876. Now we know that G has
not changed relatively to C, D, and B, since 1876—unfortunately H was
not examined by Chrystal—and we are led to* ask whether the change
was a real one, or due in some way to the observations. The suggestion

already made in case of G applies again. The temperature coefficient used

by Matthiessen and Hockin is certainly too high, *00032 instead of *00028.

If his observations on the platinum silver coils were made at low
temi^eratures, and then *the value of the temperature at which the coil is

corj*ect were found by the use of the temperature coefficient, the result

would be too low. It will be seen shortly that all the platinum silver

coils examined, not merely those already mentioned, appear to have fallen

appreciably in value relative to the others.

BRt We have another method o^ comparing the results. Chrystal has

given a table ofthe differences al* 10® between each of the coils and Flat.

Now we have seen reasdn to believe that there is not uiuch change in

0, jDyJS, and G. Let us find from Chrystal’s table the valueofthe difference

between G *and the various coils at 10®, and compare these v^th our results.

In doing this some uncertainty is introduced from the fact that the value



62 HEPOKT 1888.

of the bridge wire in Ohrystal’s observationfl^was only determined approxi-
mately as *075*6^.11, In this way we get ‘liiLe following Table VI,

Table VI.

Value ofG-X at 10° in B.A.U.
•

X 1876 1888 Difference

-r —

A •00693 * 00683 •00110
,

B •00648 -00636 ^13
C •00162 y

** •00136 •00027

D •01696 •01632 - -00036

E •01606 01627 1
-*00021

F - 00018 - OOQSS •00017

On examining these differences it would seem that A has changed
greatly, while B has remained unaltered. This is not in accordance'with
the conclusions derived from Table V., and will require further considera-

tion. With regard to the other four coils, the differences are almost
within errors of observation and are in fair agreement with Table V.
Ooil C appears to have risen relative to G by *00027

;
thus, since its tem-

perature coefficient is *00071, this would correspond to an apparent fall

in the temp€a|i>ture at which it* is right of about 0® *3 Centigrade. Table V.
shows that tnere has been a fall in this temperature of 0°*2.

The temperature coefficients of D and B are about *00308, so that the
'differences recorded for these coils would be accounted for by an error
of 0*1 in the temperature, while the change in F relative to G is so small
^s to be within the experimental errors. We are thus led to infer that,

while C may have risen slightly, the others have not changed by any but
a very small amount. This conclusion as regards F is at variance with
the one derived from Table V. In fact, while at 10® F is above G in

^alue ;
owing to the small temperature coefficient used by Ghrystal for F,

its curve of resistance crosses that of G, and at temperatures near 18®, at

,
which G is about right, F is considerably below it.

If we take OhrystaTs value for F at 10® and the temperature co-
efficient *00026 instead of *00021 used by him, we find that F would be
right at about 17®*6 instead of at 19®*4, as given by Ghrystal. This is

much closer to 16®*9, the value given by our observations
; if we take it

instead of the 19 '4 of Table I., the results of this Table VI. and of Table V.
would point to a rise in the value of F of about *00017.

The conclusion then that would seem to follow from a comparison of
these two series of observations in 1876 and 1888 would seem to be that,

while considerable uncertainty attaches to the coils A and B, changes
in the other five coils, G, D, E, F, and G, if they have occurred fCt all,

are probably not so great as *0002 B.A. Unit. G and F may possibly

have risen by this amount, while D, E, and G have not varied at all.

Professor Ghrystal’s observations in 1876 are in accordance with those
of Messrs. Matthiessen and Hockin in 1864 and 1867, while the<re^ults of
Ur. Fleming’s work in 1880 agree, as»we have seen, with our own at the
present date.

^

The observations recorded and discussed above were made mostly at
temperatures between 10® and 20®. A considerable number inore were
made during the cold weather in January and February of th^ present
yrear at temperatures near 0®, and we must now consider them.
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At tli6S6 low temperatures the observations are not nearly so con-
<oordairt as those already (Xmsidered. The terminals of tfie colls are stout
rods of copper, and whenever the temperature of the room is different
from that of the bath in which the coils are placed heat is conducted to
'them through theCopper rods and the temperature becomes uncertain;
besides this it is difficult to prevent the deposition of moisture on the
paraffin with which the cases are filled, and this again becomes a source
of error. Table VII. gives a series of the differences observed between
“the yarious coils and Flat. The c^ils were in a north room of which the
windows were open, and the temperatuie in tl^e room was on the average
about 2® 0. The differences are given in bridge wire divisions.

Table VIL

Coil

A
B
Cf
D
E
P
G
H

F6b« Feb« 22^ T?pK oft * Ftib# 24,
Morning Afte.noon iAfternoon

433*9 422*4 424*4 428
459*9 462*4 464*7 465*8

136 _ _ __
913*» 922*4 — 927*4

894^ 896*4 — 906*8
6*4 6*4 6*3 7*6

14*1 16*8 — 16*8

16*7 16*7 16 16*7

Feb. 25,

Morning
Feb. 25,

Afternoon
March Mean

422*7 422*6 426*9
462*0

134*6

451*6
136*6

464*7
134*3

921*0 — — 921*7
907*0 — — 901*1

7*8 9*6 9 4*3
16*7 18*4 • 18 16*6

16*4 17 16 16*1

Now from*Tables III. or IV. we can easily calculate what these

differences ought to be if we suppose that the temperature curves are

straight lines. In making a comparison of the results of this calculation

with the observed values given in Table VII. some allowance must be
made for the fact that the bridge wire referred to in IV. was at a mean
temperature of about 16®, while in Table VII. the temperature was about
2®. Now the temperature coefficient of the bridge wire—platinum

iridium—^is about *00143
;
thus the change in resistance for 13® of tem-

perature will be *0185 of the resistance at 2°, and we shall have to reduce

oach of our observed values by this fraction of itself.
,

We thus get the following Table VIII. of values of the difference at
*0® between Mat and the various coils.

Table VIII.

Observed Value of Flat—

X

Value of Flat—

X

corrected for temperature at O*’ obtained from Difference

of bridge Table III.
'

,
1

417*7 364 63*7

446*1 376 71*1

131*8 131 0*8

904*2 906 - 1*8

884*0 874 -10
7*2 12 - 4*8

16*2 16*6 - 0*3

15*8 16 0*2

On 4BifaQiiiiing these it is at once clear that the supposition that the

tempisratiire corves for A and B are straight lines is false.
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The other coils, with perhaps the exception of F, would lie at 0° on the*

straight line which represents the obseryjt^ons between 10® jbnd 20®^

within the limits of the errors of experiments.

The numbers given in Table VIII. agree well with those found by
Fleming in 1880 with the exception of the coils A an(} B.

Some observations made at intermediate temperatures are in |igree-

ment with the statements just made. Thus on March 2, the tempera*
ture of the room being 12°, we found that at 4°*9 C. the difference between
A and Flat at 0 was 256 bridge wire divisions, while for B at 4°*8 th&
difference was 280 bridge wire divisions. *

Thus in conclusion infer that while the observations in 1880* and
1888 are in close accord for temperatures between 10° and 20° there is a
discrepancy between them at lower temperatures for the two coils of
platinum iridium A and B. The other cbils, however, do not show any
marked evidence of change. For the same two coils there is a discre-

pancy between our results and those of Ohrystal in 1876 and Hockjp in

1867. For the other coils the agreement between Ohrystal and ourselves
is as close as can well be expected, and our results as well as those of
Ohrystal agree with Hockin’s for the gold silver coil 0 and the platinum
coils D and B. According to both Ohrystal and ourselves the platinum
silver coils have fallen in value relatively to the others b/isomething like
•0006 B.A.U., corresponding to change in the temperature at which they
are correct of some 2° Oentigrade. We have seen, however, that G, the
only one of these coils which was carefully examined by Ohrystal in 1876,
has not altered since. In its case the whole fall, if it occurred at all, took
place between 1867 and 1876, and we suggest that possibly the fall has

’

not been a real one, but merely apparent. Owing to the use of the wrong
temperature coefficient by Hockin.

Table IX .— Giving the Values in 1888.

Coil

Original No.
See Report,

1867
Material

Temperature
at which

coil is cor-

rect, 1867

Value of coil

in Mean B.A.
Units at the
temperature
given in 1867

Temperature
at which

coil is 1 B.A.
Units, 1888

Temperature
Coefficient

in B.A. Units

A 2 Ptir
O

16 100076
O

16-4 •00148
15 3 Ptir 16-8 i-oooio 16-7

0 58 An Ag 16-3 1-00060 14-8

D 35 Pt 16-7 •99930 16-9

E 36 Pt 16-7 1-00000 16-7

P 29 PtAg — — 16-7 •00028

G 43 Pt Ag 16-2 •99940 .17-3 'Ooq^a
H 6» PtAg lB-3 — 16-8 •00028

Plat PtAg — — 14-0 •000^

As has been said already, the value that has been assumed as the

Mean B.A. Unit since Fleming constructed his chart in 1876 is the mean
of the values of the six coils A, B, Cf, D, E, and G mentioned in the
Report for 1867 at the temperatures at which they were then said to bo

‘ This coil is not mentioned in the Keport of 1867. The details givei^ are from
the label.
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correct. In terms of this u?iit we find, Table IX., the present values at
the temperatures of 1867# We also give in the last column but one the
temperatures at which these coils have the value 1 B.A. Unit, and in the
final column the tempe»‘ature coefficients per 1® Centigrade also in B.A.
Units.

There remains now for consideration the result of comparisons which
we have made on various ether standard coils originally issued by the
Committee, and which have most kindly been put at our disposal by their
owners for the purposes of the report!

Messrs. Elliott Bros, have three coils. Oi^e, No. 41 of the original

setj^was made by Matthiessen in 1864. A second, No. 66, was first

examined by Lord Rayleigh fn 1882 : these two are B. A. Units, while the
third, Elliott, No. 117, is a legal ohra, first tested by R.T.Q- in 1884.
These coils are all of platinum rilver, with a temperature coefficient of
*00028. Table X. gives the temperatures at which they were found
coriect at difiereut dates.

Table X.

4.

Coil and Mark it

at present
Matthies-
sen, 1864

Hockin,
1879

Hockin,
1880

Lord
Ravleigh,

1882

Glaze-
brook,
1884

Glaze-
brook,
1885

Glaze-
brook,
1887

'

No. 41^ No. 65 16-2 132 14-2 14-5 15 5 16 6-2

—
•

1

— 141 16-4 — 147

No. 117^ No. 63
/

1

*— — 17-8 — 16-8

I

The observations made in 1887 are separated from the others by a
d.ouble line because during 1886 it was observed that the paraffin used
in the insulation was becoming green, and it was therefore removed and
replaced by pure ozokerit. In consequence of this some change may
easily have taken place in the coils, and the record after 1884 must be
treated as a fresh one.

In the first coil the most noticeable point is the drop of 2° between
1864 and 1879 ;

but since this drop is followed by a rise of 1® in the next
twelve months one may feel uncertain as to whether it is real or due to
some error in 1879.

In the next five years there appears to be a gradual rise in tempera-
ture corresponding to a fall in resistance

;
the total amount would cor-

respond to a change in resistance of about *0004 B.A. Unit. The
remoral of the paraffin has seriously affected No. 41.

^IThe next- coil also of platinum silver, is one belongitig to Professor
'Ipostei*. He writes as follows :

—
‘ It professed to be equal to

*

1 B.A. Unit at 14®*2 C.

I had it direct from Matthiessen^who, I believe, adjusted it specially for
me from his standards.* On comparing it with F in May 1887 we find

that it has a resistance of *99983 Mean B.A. Unit at 16®'2. It would
therefore be right at 16*8.

ThiSt^if course, shows a considerable change, corresponding apparently
to' a Ml in its resistance of about *00073 B. A. Unit. It will be noticed

1888.
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1888 .

that this fall is just about the same as thAt observed in tbe platinup

silver units of ftiis Committee—F, G, and Hf • We shall refer to it again

in connection with the next series of observations.

But by far the most important series of coils are a set belonging to

Mr. H. A. Taylor. With regard to them he writes Most of my coils

belonged to Hockin long before I knew him, and at his death the3*'were

given to me by his father.’ ‘ Tho early history of these coils is lost, unless

it can be found in Matthiessen’s note-books. I am informed, however,

that the one unit coil I sent you botb>last year and this, No. O&f was

copied by Hocbin from the B.A. coils yon now have at Cambridge af the

time when he had regular access to them.* Whether from a particular

standard or from the mean of several, I dp not know
;
but he considered

it to be at 15°*5 C. less than B.A. Unit iTy *0003. I presume the An Ag
coils. Nos. 19 and 34, were verified by Matthiessen and Hockin, as they

have the formal B.A. stamp. With regard to the tens, one, I think,

belonged to Hockin and the other was purchased by Messrs. H. C. Forde
and Floeming Jenkin of the Committee in the usual manner.’

Table XI. gives Mr. H. A. Taylor’s observations ' on his coil^ qn the

assumption that Hockin’s standard has not changed.
<1

Table XI .—Assuming a Coil (Rochin^s Standard) tested hy Electrical

Standards Committee ( No. 68) to he, as stated hy Hockin, smaller

than 1 B,A. Unit hy 3 (three-hundredths per cent.) oji 15®*5 C. The
Table shews the Resistance in terms of 1 B.A. Unit of other Standards
15°*5 C. at the dates given.

*

— 'S
*C

Temperature

Coefficient

®/oo

December

1874.

Observations

at

16®'50.

January

1876.

Observations

at

17®-3

C.

May

1879.,

Observations

at

16®-6

C.

September

1879.

Observations

at

16®-6

0.
So .20

May

1888.

.

Observations

at

16®-47

C.*

1 (C. P. T.) copy called right
at 16°'l Centigrade

PtAg 2’6 •99994 •99997 •99986 •99984 •99986 —
1 (No. 19) B.A. coil issued as
right at 16°’6 C.

AuAg C'6 — •99969 -99980 •99979 •99963 —
1 (No. 34) B.A. coil issued us
right at 16® 8 0.

Au Ag 6-9 1-00014 1-00023 1-00023 1-00020

10 (0. P. T.) copy called right
atl5®-60.

PtAg 2-6 — 10-0001 9‘9982 9-9991 9-9991 —
10 (No. 3) B.A. coil issued as

right at (?)
PtAg 3-1 10-0021 10-0013 10-0013 10-0011

10 (No. 4) B.A. coil issued as
right at 16®*0 C.

j

PtAg 3-1 — 9-9996 9 9999 9-9997 9-9991

Where the temperature of observation differs from 16®*6 C. the reductions to that
temperature are made by the temperature coefficients given.

*

c

*Tho evidence of a change is very small. The observations have lasted

over 14 years. For the first coil there would seem possibly to have been
a drop of about *0001 between 1875 and 1879. The next coil may have
risen by as mneh and fallen again, whi]e the third coil would sbem to
have risen by *00015. The results for the ten ohm coils are much the
same. From the six coils, some of platinum silver, some of gold silver,

we conclude that there is certain evidence no dhange greater that 1 in

10,000 has occurred in the last fourteen years. .

®

The next table enables us to compare these coils with the standards at
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Cambridge. Ifc will be noticed at once that relatively to the Cambridge
standards the coils have alj Ialien.

Table XTL
•

...fc

Col. I. Col. II. Cl. III. Cl. IV. Col. V. Col. VI.

Coils

Nominal Value
as Issued

G’.izebrook’s

De<!truiinatioa
Teftperature

Coefficient

(Hockin’s)

2 Q

u ^ Q

1 8e2

Present Resist-

ance of the Coils

at the Tempera-
tures given in .

Col. I.

Per From From
Cent. * Cent. Hun- cent. Cols. II. Cols. II.

o o dredths per 1° and HI. and IV.

No. 19 •
1*00000 at 15 6

1

-99959 at 16 5 6-5' 6-97 •99894 •99889

N9. 34 . • 1-00000 at 15-8
!

1-0003D at 16-7 6-9 7-4 •99968 •99963

r -99926 at 16-6 31 2-8 •99892 •99895

1 H ^ 68 •
•99970 at 15-6 J (1888)

1
-99985 at 18-25

L (1887)

3-1 2-8 •99900

Assumed

1

10 No. 3 = ;^
69 10 00000 at 15-6 10-00209 at 18-1 3-1

Let ns take first Hockin’s standard 68. Using Taylor’s tempera-

ture coefficientVe find as its present value—the mean of the two given
in the last column—at *99901. It has therefore fallen relatively

to the Mean B.A. Unit by *00069, practically the same fall as that found for

all the other platinum silver coils examined. The coil C.F.T. (the first

coil in Table XI.) will also clearly have fallen by the same amount.

Similarly with the ten unit platinum silver coil 69 ;
it has fallen from

10 to 9*9940, or by *006, nearly the same percentage ; and since, accord-
ing to Table XI., the coils have not changed relatively to each other and
to the gold silver coils by more than one-sixth of this amount since 1874,
there is some probability that the change, if it has taken place at all,

occurred between 1867 and 1874. It will be remembered that we arrived
at a similar conclusion with regard to G. The difference between the

values of^ 68, found by myself in 1887 and 1882 as recorded in the

two last lines of Table XII., arises from the fact that in 1887 the coil was
compared with F, and in 1888 with Flat and G. In making the calcu-

lation it was assumed that the values of F, Flat, and G in terms of the
MesA B.A. Unit had remained unchanged since Fleming’s time. The
resi7.lts of our comparisons given in Tables IV., V., &c., would, as has been
l^id, .point to a slight rise in F of possibly as much as ‘0001, and this

would reconcile the two values for 1 H or 68. As regards the gold

silver coils Nos. 19 and 34, if we take the value as issued, the one has
fallen by *00111, the other by *00037. We must remember that the tem-
perature coefficients for these coils are much greater than for the platinum
silver opilf.

If, hvwe^er, we compare the values as issued with those found by
Taylor in 1876—Table XI., column five—we find that while No. 19 was
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then *99969 at 15*5, showing a fall of *00031. No. 34 was 1*00014, show-

ing a rise of *00014. Since this date No. 19 %|s fallen therefore by *0008,

and No. 34 by *00051, and these numbers are within the limits of error

of the fall of ‘00065 found for the platinum silver coils. We would infer

then that while apparently there was a serious,change in these coils rela**

tivcly to the platinum silver standards between the date of issue and J875,
since that date there has been no change. On referring to Mr. Taylor’s

letter on p. 66 it will be noticed that the history of these coils previous

to 1875 is uncertain
;

all that is known is that they have the formal B.A.
stamp, and it is stated in the Fourth Report of the Committee, 1866* that

all the coils issued are c direct to *0001 at the temperatures stated.

There is still another coil of some interest.* This is now marked 54.

It was made in accordance with the sugg^i^tion of Chrystal in 1876, with
a thermoelectric junction attached. Fleming, compared it with his

standards in 1879 and 1880. In 1884 it was again compared by us and
found to have the value *99658 B.A.U. at 8*3, with a temperature coeflGlctent

of *000295. It was then sent to Professor Kohlrausch at Wurzburg for

comparison with some mercury units constructed by Strecker, and was
returned b)- him at the end of his experiments. » %

In 1888 it was again compared and found to be *99653,B.A.U. at 8*3,

with a coeflBcient of *000290. It will be seen that the change is *00005,

which is within the temperature errors.

Thus we conclude, from this general account of the condition of the
coils at present, that with the exception of the platinum iridium coils A
and B there is no evidence of any change of as much as *0001 B.A.U. since

the years 1874 or 1876, but that all the platinum silver coils and the two
gold silver coils belonging to Mr. Taylor changed apparently by about
*0007 B.A.U. between the time of their construction and the time at which
they were examined by Chrystal and by Taylor respectively. This change
may of course be a real one ; we incline, however, to suppose that it is

apparent only, and offer the following explanation, already several times
referred to.

Hockin says in a note to his Table of Temperatures, ‘ British Associa-
tion Report,’ 1867, which gives the temperatures for the standard coils of
the Association : ‘The values given in the above table are deduced from
the german-silver coil called B * used in your Committee’s experiments
in 1864.*

He does not seem to have compared among themselves the standards
of various materials, but to have referred each to B. Now we are i^orant
of the temperature at which the comparison was made, but we know he
used the coefficient *00032. This at present is too high by *00004. If
we suppose that Hockin made his determinations with the coils in ice,

then this error in the temperature coefficient would lead him to a 'falue

for the coil at 15®, which would be too high by *0006. •

Having once got a platinum silver coil supposed to be known, it would
be natural to use it as a standard rather than any of the others, because;
of its low temperature coefficient, and the error made in the original
determination of G would thus be perpetaated. This conclusion is*borne
out by the observations on Messrs. Elliott’s coil No, 41, Table X. Its
standard temperature fell apparently by 2® between the time of its issue
by Mattbiessen in 1864 and Hockin’s comparison id 1879, and then rose

* This is not the same as our B.
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again between 1879 and This would be accounted for if we sup-
pose that Hockin’s platinum silver standard was too low.

P.S .—November 1888.—Since the experiments detailed above were
completed a considerable change has taken place in F. It is now almost
exactly equal to Flat, that is, it has risen in value by '00048 B.A. Unit.
Further investigations as to the cause of this must be left till the next
report.

Second Report of the Committee, consisting of Professors Tilden
and W. Chandler Roberts-Austen and Mr. T. Turner {Secre-

tary), appointed for the purpose of investigating the In--

*fluence of Silicon on the properties of Steel. {Drawn up by
Mr. T. Turner.)

In thh Jjrevious Report of this Committee, presented at the Manchester
meeting, an acfcount was given of a series of experiments nndertakebin
order to determine the effect produced by silicon on the properties of the
purest variety of iron met with commercially. For this purpose metal was
taken from the basic Bessemer vessel at the end of the blow, before any
carbon or manganese was introduced, and to this fluid metal weighed
quantities of silicon pig, containing about 10 per cent, of silicon, were
added. It was then shown l-hat silicon rendered the metal quiet in the
mould, and that in the proportions employed the metal was tough when
cold, and welded well. The elastic limit and tensile strength were both
increased by the presence of Silicon, while the elongation and contraction

of area were diminished
;
the appearance of the fracture also changed

from silky to crystalline, and with over 0T3 per cent, of silicon in all

cases the metal was so red-short that the ingots crumbled to pieces under
the rolls.

The present Report has to do with a series of experiments very similar

to those described last year, the chief difference being that ordinary basic

ingot metal was used instead of the specially pure iron previously

employed. In these experiments, therefore, the metal has been taken
in the condition in which it would be sent into commerce, definite

quantities of silicon have been added, and the product examined both
chemically and mechanically. The method of procedure was as follows

:

In a covered fireclay crucible a weighed quantity of the silicious iron was
melted, and into the red-hot crucible was run about 40 lbs. of molten

meted, which was taken from the ladle about the middle of a cast. After

auewing the contents of the crucible to stand for about a minute, the

rn'etal, which was still thoroughly fluid, was poured in to another red-hot clay

crucible, in which the mixture was allowed to solidify. By this means a

very^thorough incorporation of the materials was obtained. The experi-

ments were conducted, as before* at the works of the South Staffordshire

Steel and Ingot Iron Co., Bilston. Mr. F. W. Harbord kindly super-

intended the works tests of the material ;
the mechanical tests were con-

ducted by Professor A. B. W. Kennedy, and in each case duplicate experi-

ments were made
;
the chemical analyses have been performed by Mr.

J. P. Walton.
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A general summary of t^e results is given in Table A., which contains
both the chemical analysis^iiie works tests, and the mean of the mechanical
tests of the specimens prepared as before described^

Specimen No. 1 was prepared from the metal taken from the ladle, it

being poured into* a red-hot crucible, and afterwards treated in exactly
the> Sterne way as in the ten succeeding experiments. In this case, how-
ever, no silicious iron was added, and the values* given are intended
merely for comparison with those which follow. The analysis of this
specimen was not made from any ctf the samples actually tested, but is

what may be considered an average composition of such metal. The
mechanical values are the mean of four experiments with metal from two
separate charges. *

The silicon pig used had.jhe following composition :—Carbon, 1*96
$

silicon, 10*30 ; sulphur, 0 02 ; manganese, 1*90
;
phosphorus, 0*17. •

On examining the results in detail, the following observations will

be*made :

—

1. Chemical Composition. — The silicon gradually increases from
specimen No. 2, through the series to No. 11. The other constituents,

though, tolerably uniform, still show sufiGicient variation to influence the
properties of, the product, and allowance must be made for these
differences id composition in drawing any conclusion as to the influence

exerted by silicon.

2.

'Works Tests.—It will be noticed that all the specimens examined
rolled well, and that, with one slight exception, all behaved satisfactorily

under the hot Aest. This is in very marked contrast to what was observed
in the previous experiments,^when silicod produced distinct red-shortness

;

the difference in the present ca^e is doflbtless due to the presence of man-
ganese in the ingot metal. The cold or bending test was also satisfactory

in all cases, with the single exception of No. 11, which contained 0 504
per cent, of silicon and 0121 per cent, of phosphorus. In this sample it

is not certain that the metal would have behaved in the same way if the
phosphorus had been as low as in the other eases. In the welding tests

the metal behaved well in every instance, showing that the presence of

silicon has no perceptible influence on the welding property. In the cold

and welding tests the results are tho same as was noticed in the previous

series of experiments.
Mechanical Tests.—In the original metal both the limit of elasticity

and the breaking load, which are given in tons per square inch, are rather

higher than usual in this class of metal, while the extension and reduction

of area are rather lower than is common. These differences are, however,

not great, and may be accounted for by the comparatively small scale on
which the experiments were performed.

of Elasticity.—This varies in the first six specimens (Nos. 2 to

5JV over a maximum range of l*65?tons, and these small variations are of

8^h a kind as may be explained by differences of composition other than

those of silicon. In the specimens with more silicon, however, there is a

distinct increase in the elastic limit due to silicon.

breaking Load.—This varies* in a manner which closely resembles

that observed with the limit of elasticity. In tho first six specimens the

variations are irregular^ the maximum range being 4*1 tons, and this

variati^*Wn be accounted for apart from any influence due to the silicon

E
reseifl. With more silicon, however, there is a distinct increase of the

reaking load, and this is doubtless due to silicon.
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JSxtensimx .—The specimens 2 to 7 have an extension wnico, linonga

slightly lower i^an usual, still accords with wlat would be inferrtld from
the elastic limit and breaking load. If silicon has exerted any influence

in these specimens, it is not well marked, though the low extension may
be partly due to this cause. With more silicon thei .extension is distinctly

reduced.

Reduction ofArea ,—This follows much in the same order as the exten-

sion, and is distinctly lowered with the higher proportions of silicon.

These results may be summarised as follows :— ^

On adding silicon in proportions not exceeding 0*5 per cent, to ingot
iron containing manganese, the metal rolls well, and does not show any
signs of red-shortness

;
it welds perfectly wfth all proportions of silicon,

and (with the somewhat doubtful exception containing 0*5 per cent.) is

not brittle when cold. With less than about 0*15 per cent, of silicon the
limit of elasticity, the breaking load, the extension, and reduction of area,

are but little, if at all, appreciably affected by the presence of silicon, but
with more than 0*15 per cent, of silicon the limit of elasticity and break-
ing load are increased, while the extension and reduction of area are
distinctly decreased by the presence of silicon. The effect exertc4 by
silicon in increasing the tenacity of ingot iron is not nearly so great as
that of carbon. The relative hardness is very slightly anected by the
proportions of silicon used in these experiments.

It ‘is to be regretted that, largely on account of the outlay it would
have involved, these experiments have been conducted on a comparatively
small scale, the ingots used weighing only about 40 lbs. Ob this account it

has not been found practicable to perform t^ts connected with resistance
to shock, a point to which the attdhtion of the Committee has been several
times directed, and which is, from a practical point of view, of consider-
able interest.*

Third Report of the Committee, consisting of General J. T.
Walker, Sir William Thomson, Sir J. H. Lefroy, General
K. Strachey, Professors A. S. Herschel, G. Chrystal,
C. Niven, J. H. Poynting {Secretary), and A. Schuster,
and Mr. 0. V. Boys, appointed for the purpose of inviting
designs for a good Differential Gravity Meter in supersession
of the pendulum, ivhei'ehy satisfactory results may he obtained
at each station of observation in a few hours instead of the
many days over which it is necessary to extend pendutum
observations.

Mb. Boys has not yet been able to construct the instrument referred
to in the last report. Meanwhile no new design has been received.

,

The Committee ask for reappointmfen^ and a renewal of the grant of
lOZ. made last year.

* A more complete account of the above experiments is in type,^nd will be
published in the Jour'nal of the Chemical Society,
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Report .of the Cemmittee^ consisting of Professor H. E. Arm-
strong, Mr. J. T. Dunn, Professor W. R. DunstAn {Secretary)^
Dr. J. H. Gladstone, Mr. A. G. Vernon Harcourt, Mr. Francis
Jones, Professor H. M‘Leod, Professor Meldola, Mr. Pattison
Muir, Dr. W. J. Russell, jVir. W. A. Shenstone, Professor
Smithells, and Mr. Stallard, appointed for the purpose of
inquiring into and reporting on th& present methods of teach-^

ing Chemistry, (^Drawn up by Professor Dunstan.)
••

The Committee decided at first to x’estrict their inquiries to the teaching of
chemistry in schools. With thic. object, in December last they addressed
the following lettef to the Head Masters of Schools and the Principals of
Training Colleges, both in Great Britain and Ireland, in which chemistry
forms a part of the curriculum. The list of these schools was compiled
from the** Educational Year-Book.*

•

Committee on Chemical Teaching.

Dear Sir,—At the meeting of the British Association held at Man-
chester in September last, Professor H. E. Armstrong, F.R.S., Mr. J. T.
Dmin, Professor*W. R. Dunstan, Dr. J. H. Gladstone, F.R.S., Mr. A. G.
Vernon Harcourt, P.R.S., Mr^ Francis Jones, Professor M*Leod, F.R.S.,
Professor Meldola, F.R.S., Mr. Pattison Muir, Dr. W. J. Russell, F.R.S.,
Professor Smithejls, Mr. W. A. Shenstone, and Mr. Stallard were appointed
as a Committee for the purpose of inquiring into, and reporting on, the
present methods of teaching chemistry.

It is felt that great difficulty exists at the present time in teaching
chemistry to elementary students, owing chiefly to the absence of agree-
ment among teachers ds to the best modes of giving instruction and to
the diverse .views of examiners. It is hoped that ahi inquiry by this

Committee will be valuable not only to teachers of elementary chemistry,
but also to those who have the responsibility of examining in this subject.

The members of the Committee venture, therefore, to hope that you will

assist them by furnishing, at as early a date as possible, such a report on
the chemical teaching in your school as you consider will be most likely

'to aid their inquiry, more particularly with regard to the following
points ;— '

The objects with which chemistry should be taught in schools.

The difficulties that are met with in teaching, and the best way of
obviating them

; the influence exerted by external exarhiners on
the character of the teaching.

5. The methods which, in your opinion, are most likely to render

the teaching effective as a mental discipline, and as a preparation

for subsequent instruction in the higher branches of the science

or in applied chemistry.

The Oommittee will also be greatly obliged for information on any
other points directly connected with the teaching of elementary chemis-
try ; any data with which you msy favour them will be regarded as con-
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Y
fidential, and nothing of a personal nature will be published without your
previous consent. *

.

In making any communication to the Committee, it will be convenient

if you will kindly affix to the manuscript the paper which is enclosed.

I am, Sir, •

Your obedient Servant,

Wyndham R. Dunstan,
Honorary Secretary to the Committee,

Five hundred copies of this letteij were circulated, but only eighty-six

more or less extended replies have been received
;
they include the majority

of the largest public jcihoolS in Great Britain. These replies have been
the subject of careful consideration by the Committee.

The schools which have reported represent a total number of 23,350
pupils, and of these 8,418 receive instruction in chemistry; that is, 36 per
cent. It will bo useful to summarise in this Report, by means of extracts

from typical replies, the chief points of general interest which have*been
alluded to, particularly those that were raised’ by the three questions sug-

gested by the Committee in their letter.

* 1. The objects with which chemistry should he taught>in schools*

There is almost unanimous agreement as to the high educational
value of the science of chemistry. Teachers seem agreed that chemis-
try should be taught in schools with two objects : first, and mainly, on
account of the mental training and intellectual discipline it affords

;
and

secondly, for the sake of its applications in, the different professions and
trades which the boys may subsequent!/ follow and also in its direct

bearing on the facts of everyday life. This view of the importance of
chemistry as a part of the school curriculum is well exemplified by the
following extracts taken from the reports made by various schools, both
large and small, and representing boys who afterwards follow a diversity

of trades and professions.

I. ‘ Chemistry should be taught in schools-—(1) As an educational
subject or mental discipline. In studying chemistry the pupils are led
to cultivate habits of observation, because the statements made in chemistry
are based on facts actually seen

;
of reflection, because the accurate state-

ment of even the simplest observed fact requires not a little reflection
;

and of reasoning, because reasoning is required before one can decide that
any one particular result in an experiment is due to some one particular

antecedent circumstance out of several. Chemistry also is especially the
science in which experiment can be most readily had recourse to by the
pupil. (2) As a valuable branch of instruction. Supposing that the
mental powers were not developed and strengthened by the slfady of
chemistry, it might still be desirable that pupils should not leave our
public schools wholly ignorant of the composition, properties, and uses of
the materials of everyday life.*

II. * Science and history alone of the subjects taught in schools per-

form a twofold function. They give connection of ideas, logical power,
and education in the fullest sense, while at the same time they store the
mind with useful facts likely to make the possessor a more valuable

member of the body politic. Hence chemistry may be tau^t to all boys
just in the same way as ancient languages and higher mathematics, with>
out any thought of the future career of the pupil, or whether chemical
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knowledgo is likely to be of practical use to him or not. ]l^n this way the
practical demonstration of ^nemtcal facts becomes a great object-lesson,
while chemical theory becomes an introduction to logic. Chemistry may
be taught for other reasons :—(i) To enable boys who show no special
aptiti^e for any other subject to obtain a scholarship and university
education, (ii) As a special subject, likely to be useful for those who,
having passed the preliminary arts* examination, intend to adopt a
medical career.*

(III. ‘ The objects with which chepiistry should be taught in schools :

—

1st. To make lads take a keener interest in najjural phenomena. A few
well-chosen experiments will excite their wonder, and at the same time
create an interest in the secrets of nature. 2nd. To teach lads to see,

i.e.f to develops their powers of^iobservation. Srd. To impress upon lads
that there is a definite law of order in Nature. Lads soon see that from
the same bodies under similar conditions certain fixed results must
follow. 4th. To niake boys logical and not too hasty in generalisation

from a few isolated observations. Chemistry is peculiarly well fitted for

this purpose. 5th. To direct the powers of destructiveness and con-

structtv^ess which are always so pronounced in boys, since they soon
learn to be intOTested in simplifying many complex forms and in building

up others. 6tn. To impress upon lads, as soon as possible, that everyday
life must necessarily be influenced beneficially by a knowledge of the

chemical properties of a very few simple bodies and the laws which
determine their mutual, interaction.*

IV. ‘ There rfl*e, I think, two considerations to be kept in view ;— (a) the

general educational value pf the work which gives chemistry a claim to

be considered a necessary part of any liberal education, whatever be the

profession in view; (^) the necessity of teaching chemistry on such lines

that the instruction given may be a sound and valuable apprenticeship

for such boys as may be led to devote themselves specially to this subject

in the future.*

The following sentences (V.) were written by the head-master of one

of the first public schools in England.

V. * I think that the objects with which chemistry should be taught in

schools are three :—(a) To make every boy acquainted with common
scientific facts, useful to him in every branch of life. (/3) To give oppor-

tunity to boys with special aptitude for science to take up and develope the

study
;
many a boy who seems dull at languages brightens over science,

(y) To enlarge the mind by the suggestion of new methods and processes

and by the illustration of the mode in which Nature works.*

Vi. ‘ I have found that the teaching of chemistry, besides its direct

value for professional and business purposes, is of great importance as a

me^oa of developing the minds of boys who have no aptitude for other

sul^ots. I have found that many boys who cannot get on at classics and
mathematics take an interest in and learn chemistry, thus being greatly

encouraged in their other work by the knowledge that there is something

that they can do.*
^

VII. * Chemistry should be taught chiefly for mental discipline.

Practical chemistry is almost the only school subject in which hands and
l^ins are dually employed.*

Vllli* * In schools chemistry, like other subjects, is, no doubt, taught

with a double view—mental training and the imparting of valuable know-
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ledge. As to tbe former of these, th6 subjeqf is not, in the opinion of the
present ,writer, of great value, for the mefchoas of demonstration as they
can be exhibited in a school laboratory are not very rigorotis and logical,

and at the best seem rather to afford a strong presupciption than a satis-

factory assurance in favour of any particular conclusion. As to thoilatter

object, it may be said that it is not one about which educationists generally

are very enthusiastic. At the same time, if there is any subject more than
another the knowledge of which is .desirable it is chemistry. The entire

change of mental attitude towards ^ysical surroundings, which even a
slight knowledge of the principles of chemistry induces, is most noticeable,

and boys find it both a'feourde of healthy wqpder and, though they do not
observe it themselves, a great mental stimulus. ^ There is, of course, one
other object with which chemistry may be*taught, namely, for the sake of
those who will find it directly useful in after-life. But as they are, after

all, only a small percentage of the whole, the argument of practical ntjlity

is one which cannot be advanced as in itself a justification for teaching
the subject.’

IX. ‘ Chemistry should be taught in schools while boys are com-
paratively young, in order that those who have no taste for classics may
find some work in which they can take a practical interest. There are
boys who, without being stupid, have no taste whatever for books, and
the chance of practical work, like chemistry, for which they can see some
use of an obvious kind, may prevent many a boy from becoming a con-
firmed idler. The study of chemistry, therefore, should be encouraged as
a distinct benefit to the character of many boys. It* should also be
encouraged for the public good, because any boy so interested in early
life may be led to •devote his after-years to the pursuit of scientific

subjects. And again, it should bo taught in schools to enable boys who
go into business now very young to have some slight knowledge of
scientific facts of an elementary kind while they still have time to learn/

X. ‘ All my experience shows that even to young children chemistry
may be made the threshold of the fairyland of science, and that by means
of it they may early acquire a profound sense of the rigorous, unyielding
nature of law and of the unity in the midst of diversity which pervades
the world around us. Again, as a mere discipline for the intellect, I
believe chemistry is destined to take the place of Latin and Greek
grammar, when a definite course of teaching has been laid down, and
teachers have themselves mastered that course as thoroughly as former
teachers had mastered their accidence and syntax. To make the pupil
aware of the existence of an unknown, unexplained, inscrutable side to
every, and even the simplest phenomenon, is to awaken desire, expectation,
pleasure—all the antecedents of healthy mental effort, and the diffidence
between the daily, hourly life of one who has thus become conscious oi^.^the

literally infinite, ineffable nature of things around him, and that of one
who thinks he knows all about them, is immense.’

XI. * Too much weight may easily be attached to the objection often
urged against chemical teaching (and, indeed, against the study of other
branches of natural science), that it fails*to cultivate good taste and good
style

;
that the learner is brought into contact merely with material &cts

and not with human thoughts, and so acquires a character and mode of
expressing himself as hard, rough, and unsympathising as\helaws pf
Nature with which he deals. It is certainly impossible to avoid noticing
that the abstracts of lectures and answers to examination papers shown.
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up by those who have been, or are being, well trained in “ the humani-
ties * arp composed in mncl^better style than the prodnctiotis of boys who
have had less advantages oi the kind, or who, from their dalness in other
subjects, are considered to be exactly fitted for learning natural science.

But the power of rgfuting this objection rests with the teacher. If he
refuses to pass over bad spelling and bad grammar, if he takes the trouble
not merely to point out slovenliness of expression, but to show how it

may be corrected, and if the learner is compelled to rewrite any careless,

inaccurate work in better form, there seems no reason why an account of
the two oxides of carbon, including aa intelligent comparison of their pro-
perties, may not bo made as good an exercise iit English composition as
an .essay on points of Greek and Roman history.’

2. * The difficulties that are met wHh in teaching, and the best way of obviating

them ; the influence exerted by external examiners on the character of the

leaching.* ,

Much might be written about the various difficulties which are

alluded to in these reports in answer to the second question suggested by
the letten of the Committee. The chief difficulties are stated to be those

which arise from :—(i) Defective organisation and considerations of

expense
;

(ii) the lower value attached to chemistry, as compared with
other subjects of the school curriculum

;
(iii) the time which is devoted

to the subject
;

(iv) preparation for various examinations
;
(v) absence

of good text-books
;
(vi) dearth of properly qualified teachers.

(i) The expenses incidental to chemical teaching and the defective

organisation, which is often tl^ result of insufficient endowment, are the

subjects of general complaint. I^ometimes no laboratory is provided
;
fre-

quently the laboratory accommodation is inadequate
;
and it appears that

the details of the preparations for lectures and practical work generally

devolve on the teacher himself. The following statements may be quoted.

The first two are from the reports of small schools.

XII. * We have no laboratory or other facilities for practical work,
hnd so our experiments have to be very simple dnd our work very
elementary.*

XIII. ‘ The chemical teaching is quite elementary, and there is no
apparatus, so that it is only taken as a lesson with figures drawn and
explained on the black-board.*

XIV. * Thus our difficulties are :

—

(a) Having too many to teach. I am
responsible for about 160 boys, and have no help. (6) The want of a
large laboratory. We have a small but very good laboratory. There is,

however, only accommodation for 12 boys, while I always have about

70 dqing practical chemistry in an aggregate of 6 hours a week. Hence
each^oy gets only one hour a week, (c) The want of sufficient time to

pre||[]|^ for experimental work. The whole of my school time, except

threh hours, is taken up in teaching, so that all preparation has to be

done either before or afterwards, the practical result being that I am
obligedito limit my experimental teaching to the two lowest and the

highesnforms.’
* *

XV. ‘ The chief obstacle to the effective teaching of chemistry here

is the poorn|@s of the laboratory-—a room in the basement, low pitched,

lighted, find worse ventilated, accommodating only 15 boys, and in

such oonxiection with the other class-rooms as to make some of them
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almost unbearable 'wben experiments are made with any foul-smelling

gas/ [This Sbhool contains 500 boys.] * c .

XVI. ‘ To lecture properly, a master must have an assistant for the ex-

periments. 1 do not know what is the rule
;
I hope Iam an exception, for I

am without one. I make use of one of the promising boys to help in the

preparation preceding a lecture. This is not sufficient. A master cannot
easily conduct his experiments, keep order, and carry on a judicious

questioning and explanation at the same time/

XVII. ‘ Every teacher of chemistry who has several Iectu;res to

deliver in the course of the week oi%ht to have the services of a fairly

intelligent assistant, whcTcap get ready most of the experiments for him,

or he ought to have extra time allowed •him to do this himself. Of
course it is possible to 'utilise the service^ of the more advanced pupils

for the purpose, but this does not effect so much saving of time as might
be thought, owing to the want of experience on the part of the boys,

who in many cases require so much supervision that it is shorter fo® the

teacher to do the work himself.’

XVIII. ‘ We have just abandoned the subject owing to its ruinous

expense if taught thoroughly.’
o v

XIX. * We have no laboratory and have to do the best we can with a
table in a class-room. Experiments are shown, but not pwformed by the
boys for this reason.’

XX. * Schools are often badly equipped with a suitable lecture-

room, laboratory, and apparatus, partly from poverty and partly some-
times from inability on the part of the head-master or governing body to

appreciate the needs of the subject.’

XXL ‘Another difficulty is that in mhny cases the teacher has not
time to prepare adequate experimental illustration. Until recently the
chemical teaching in this school was done by the second master, who had
the whole of the school hours not engaged in teaching science occupied
in his own form in general subjects. A public day-school does not usually

(like a science college) possess paid demonstrators and assistants, hence,

unless the teacher has a considerable amount of time not actually occupied
in teaching, it is impossible for him to make and set up apparatus for

experiments in a proper manner, and experiments that constantly fail are

worse than none.*

(ii) The following statements deal with the difficulties that ensue from
the relatively low place which is generally afforded to chemistry in the
school curriculum, and the low value which is assigned to it in public exami-
nations as compared with the value attached to other subjects. This, it is

said, often leads to the restriction of chemical teaching to inferior boys,

some of whom may have failed in classics and other subjects. The best

boys may leave the school having received little or no instruction in

chemistry. o

XXII. ‘ One difficulty arises from the low standard of public opinion

as regards science. This is chiefly due to the extraordinary and utterly

unaccountable view (confined, I think, to England and America) which
classical men have always had of scientffic studies. In this school, owing
to the exceptional liberal-mindedness of the powers that be, this evil is

unknown, but in other schools where I have taught the jealousy between
those who represented different kinds of study was enormous^, and clever

boys were therefore more attracted to literature than to science.’

XXIII. ‘ As regards the difficulties in teaching chemistry, I think per-
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haps the first is non-classification. The boys are sent to chemistry lec-

tures groupe'd according to# classics
;
the result is confusfon. Take the

fifth form, for example. It is sent into the laboratory for an hour’s lecture.

In that form you have some of your promising boys, also some of the
weak ones, very godfl classics possibly, whom to teach chemistry is, you
know,*hopeles8. But the work must be done,, so you take a medium
course, pitching your discourse to suit the average boy

;
you must be very

careful to aim low or you will certainly hit nothing. In doing this your
lectmue is below the promising boys,*who feel a growing contempt for

you or your subject, and at the sam^ time the lowest boys are wearied by
matter which they cannot grasp.’ •

XXIV. ‘ Two difficulties 'are :—(i) Want of sympathy with natural

knowledge on the part of the*/najority of university men who take to

school work
;

(ii) strong adverse traditions in many schools backed up
by*the fashionable superstition that literary rather than scientific studies

constitute the education of a gentleman.’

XXV. * The difficulty is that parents do not yet recognise chemistry
as a “ paying ” subject, consequently their boys neglect it.’

XXVi .
‘ A serious difficulty is caused by the fact that boys may join

a class in any term. This may not be a great evil in the case of languages

or mathematics, but where from the very nature of the subject it is neces-

sary, in order to understand and benefit by a lesson, that the preceding

lesson should be first mastered, the case is altogether different, and it is

not clear how this and the kindred difficulty of grouping in one set boys

of very unequal* powers and attainments can be obviated, seeing that

schools are classified on other ^lines, generally according to proficiency in

classics.’

XXVIT. ‘I believe that one of the great stumbling-blocks in the way
of chemical teaching in day-schools is, that boys are often sent to the

science master in classes determined by their position in classics or Eng-
lish subjects, so that there is no proper gradation in the teaching. This

obtained here until recently, but now, by simultaneous teaching by three

masters on two afternoons a week, it is possible to group the boys in the

senior school according to their proficiency in science (mainly chemistry)

alone. The result has been a considerable improvement in the quality of

the work.’

XXVIII. * The scholastic disrepute in which chemistry is held is

apt to lead a head-master to devote to it the least mentally qualified boys,

who have absolutely failed on the classical side.’

(iii) It appears that the time which is usually allotted to chemistry in

schools is altogether inadequate, < and frequently this defect seems to con-

stitu^ one of the teacher’s greatest difficulties.

KXIX. *I suppose few grammar schools give more time to chemistry

thaSfour hours a week, and so long as competitive examinations assess

chemistry at one-quarter the value of mathematics, and one-eighth that of

classics, more time cannot be expected. When it comes to be recognised

that tlA mind which is scientifically* trained is most likely to produce work
valuable to the community, and at the same time is best suited to grapple

with the practical problems of everyday life, all this will be changed.’

XXX. ‘<0?his school contains 500 boys. The average number of those

who receive instruction in chemistry is 30 and the time allotted to the

subject is three hours a week.’
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XXXI. * The difficulty is to make all pupils take' a Teal interest in the
work. In the*short time which is allowed te the subject it is apt to^e-
come a mere collection of facts in the boy’s tnind. It is a carious feet
that a double labour is expected from the teacher of science, namely, a
general development and quickening of the reasoning faculties, and the
teaching of examination-chemistry at the same time

; and all this ‘has to
be done in two hours a week ! Parents at any rate tacitly pay a very
high compliment to the resources of science when they expect this. As
a matter of fact, the unfortunate science master very naturally leaves the
great work of development to the master who monopolises the remaining
26 hours of the week’s wbrk,’

XXXII. * The time all5wed to the 6o Hboys who learn the subject is

one period a week of 45 minutes.’
XXXIII. ‘All the pupils who are taught chemistry—-491—deyote two

hours per week to the subject, and 110 of these have in addition ai|||[pe]ily

lesson in laboratory practice, lasting one hour and a half.’ * c

(iv) A consideration of these replies has fully established the im-
portant fact that the chemical instruction which is given in schools is

very largely influenced and guided by the requirements of the various
Examining Boards, such as those of Oxford and Cambridge and of the
Science and Art Department. Abundant testimony has btsen received on
this point, and it is frequently declared to be a great, though apparently
an inevitable, evil. The quotations cited below are selected as represent-
ing schools of very different grades.

XXXIV. ‘The influence exerted by external exainipers on the cha-
racter of the teaching. This has always been to me the most subversive of
good teaching and most damaging to the character of the work. I have
had a large experience in the working of the various public examinations,
fl-nd I unhesitatingly say that they cripple the work of teachers, affiordmo
sate index as to the quality of the work, and lead to a system of book-
work cram which militates against anything like mental discipline and
against subsequent instruction in the higher branches of the subject.’

XXXY. ‘But all difficulties are nothing compared with those that
arise from the personal peculiarities of examiners. Unless with special
pupils who, having spent most of their time on chemistry, have been able
to acquire some knowledge of all its branches, a teacher is never sure that
he will be able to prove to an examiner that he has taught any chemistry
at all.*

XXXVI. ‘ It will be seen that the examinations for which our pupils are
prepared are those of the Cambridge Local, the College of Preceptors, and
tue Science and Art Department, and the preparation for each is so varied
that it has a very bad influence.’

XXXVII. ‘ The influence of external examiners, in my opinion, is too
often to encourage mere cramming to meet out-of-the-way questions.’ 41

XXXVIII. ‘A class was formed from the pick of the school in con- -

nection with the Science and Art Department. My salary to a certain
extent depended on the results of the May examinations. Since the
number in the class had to be limited^ I,naturally chose only those boys
who I thought would have the best chances of getting through. Fora
great part of the year chemistry would be treated as a by-subject, it was
only for a month or so that it had its due share in the curricijium of the
school, and I mast conscientiously admit that daring the short period
before the examination I simply crammed the minds of my pupils with
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6qaations, properties, graphic formulas to such a degree as to ensure

'leasing, which they all di i. I was not surprised to find, that in a short

'time all had been forgotten. This system is adopted at many places.*

fc' XXXIX. ‘ The teaching of chemistry here is entirely regnlated by the
^^ence and Art Department, for the simple reason that it would not
fe^s# as a class subject without the pecuniary aid rendered by the
Department. T believe some really good work is being done ; but the
teacher is very much of a machine, and, however conscientious he may
be, he must primarily, under the ciroumstances, teach for examination, and
at times neglect what would be useful to his pupils because it would not

. be useful for examination.*

Xii. ‘In thjs school chemistry is optional, and the primary object

of its eMstenceds the advantage of those boys who are going in foi*

examinations iii which it will prove useful.*

^ Xhil. * There is great variation in the standards and methods of
various examinations. Three things are specially to be complained of :

—

(a) the bookish nature of some examination papers
;

(b) estimation of

: the val^e of answers by comparison with text- books by inferior men, not
-alwayS;^the authors of the papers or themselres real chemists; (c) want
of judgment in setting papers arising often from ignorance at first hand
of the conditions of school work.*
• XLII. ‘With respect to examinations, I do object to men examin-
ing boys under sixteen who have never taught them, and who, therefore,

do not understand that the work of such students must differ not only in

quantity but ^so in quality from that of older pupils.’

XLIII. * I believe that 90 per cent, of those who are now taught
chemistry in this country are taught with the view of passing one or

other of the examinations held on the subject. Further, I believe that

most of the difficulties of teaching chemistry are difficulties of teaiching

it so as to comply with the requirements of examinations. Some one
has said that in the regulations of the Science and Art Department so

much is required to be known that there is no time for anything to be
done, which is an exaggeration of what I mean. With ordinary teachers

one thing is necessary—^their pupils must pass. When that is secured

they may indulge in such novelties of method and procedure as they
like, but not until then. It would avail me nothing to say that my
instructions were faulty, that I knew and followed a more excellent way.

XLIV. ‘ As to the influence of examiners. In my own teaching it

has been for the last few years nil. I have given up trying to fit tho
chemical instruction to the doubtful requirements of examination

; to do
so would take the vitality out of one’s teaching and contract it.*

XLV. ‘With ‘regard to the influence of external examiners on
thei»teaohing, there is no doubt that this is very great, and that tho

clMiricter of the teaching in our schools must depend in these high-

prei^nre examination-days on the requirements of the examiners.*

-XIjVI. ‘ We have subjected our boys to two examining bodies—tho

Science and 4^rt Department and the University Board. In successivo

yeai^s the boys from the same teaching universally succeeded under tho

^lormer and ^most universally failed under the latter.’

XLV II. * The examinations have been chiefly those held in connection

with the. Science and Art Department, South Kensington. These

examinations have been for dome years back highly satisfactory, and no-

undue prominence has been given to any one branch of chemical science.

1888.
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They certainly do exert an inflaence on the chai^cter of the teaching,

bat it is a restraining and beneficial influence.*# .
'

XLVIII. ‘ The influence exerted by exte^-iial exaihiners on the teach-

ing is decidedly beneficial whert the examiners are experienced men*
XLTX. ‘The influence exei-ted by external «xaminers on the

character of the teaching is practically nil. They send their questions

and substances, examine the results, and write their reports, and, with

rare exceptions, never make a suggestion as to how the teaching may be
improved or better results obtained.*’ ,

(v) The absence of good text-bdbks suitable for use in schools is

frequently stated to be a source of difficulty.

L. ‘ One of the chief difficulties in class teaching is the want of a
suitable text-book, more especially whei^ preparation is an importcmt
factor. A text-book should without any great ampliflcaCtion on the part
of the teacher make itself intelligible to the boy on reading it fj^ the
first time, and it should not be overladen with facts.* c

LI. ‘ We want a good school text-book. Existing books entirely lack

connection in their various parts, and are generally made up of a series

of more or less isolated facts grouped loosely under various headq. ^.They

are also too wliffuse and wordy, and, therefore, very unsuited to a boy
with but a limited time to prepare his lessons.*

LII. ‘ An additional difficulty is found in the absence of a satis-

factory text-book, notwithstanding the multitude already extant, and
this difficulty is not diminished by the consideration that, as a rule, the
science master is required to devote a great portion of hi§ time to teach-

ing other subjects. According to my idea, the kind of book required is

one that recognises the close connection beWeen the lecture work and
the practical work of the pupil

;
in fact, a book something after the plan

of Huxley and Martin’s “ Biology.”
*

LIII. ‘ The greatest difficulty we meet in teaching chemistry is the
want of a suitable text-book on which all our lecturers can base their

teaching. Boys sometimes get different definitions of the same term,
and a master does not know exactly how much boys have learnt in

another class.*

LIV. ‘ Text-books ar6 another difficulty. I have never found one
yet that I liked to put into the hands of boys, for I have generally found
that they are too elaborate and complete, using, sometimes, language which
the ordinary schoolboy does not understand, and describing here a£nd

there experiments which he certainly cannot grasp. I have not found a
book which I could put between the “ Chemistry Primer** (which with
the “Physics Primer” is always my preliminary course) and such a
volume as Thorpe’s or Roscoo’s

;
these contain a grea/t deal of matter too

difficult and minutely exact for class work.’ c*

LV. ‘ Further, there is the eternal text-book difficulty. A bool^

onde clear, brief, and accurate is a desideratum.*

(vi) Some head-masters complain that they are unable to obtain
properly qualified teachers of chemistry.

LYI. ‘ Difficulties arise from the circumstance that there stands Before

the class a chemist who is not a teacher, or a teacher who is not a chemist/
LVII. ‘ The scholastic disrepute in which the subject is held is apt to

^^affect the teacher. It is much easier to obtain a well-qualifie^ teacher of
g^j|assics than an equally well-qualified one bf natural science.*

‘ Our two great difficulties here are :—(1) To get men, for
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anything we can offer, who' are at once chemists and teachers. Mere
chemists are of no nse from a pedagogic point of view, and even they
would be hard to get. I am convinced that a teacher who had a strong
grasp of the principles of the science could, and would, make it an emi.
nently ifaluable means of mental training. (2) The entire non>recognition
of chemistry by the two universities in the earlier stages of their arts

courses/

.3.
‘ The methods which, in your opinion, a/re most likely to render the teaching

effective as a mental discijfline, and as a preparation for subsequent

instruction in the higher branches of the science or in applied chemistry
*

•
•

,

A great deal has been written in reply to the question as to the
methods which ought to be followed in teaching elementary chemistry.

Ibis clear that the older plans of teaching, which are still largely used,

are felt to be partly unsatisfactory, and that by modifying them chemistry
might be made much more valuable as a mental discipline for boys. In
particular protest is made against the undue proportion of time which is

frequently assigned to qualitative analysis
;
indeed, the majority of teachers

<lo not consider this to be the most valuable part of the subject. Others
hold that it presents many advantages, and is, on the whole, the best
adapted to school work, especially when instruction has to be given to

large classes of boys. But while most teachers strongly deprecate a rigid

adherence to the present system, and a few are able to point out the
general lines on which the teaching might be more usefully conducted, it

as evident that very few, if any, have yet put into operation a remodelled
system of instruction. In fact, it appears that teachers stand very much
in need of advice and assistance in preparing a modified scheme of teach-
ing suitable for general adoption in schools. It has several times been
suggested that this Committee might be able to render important help
in this direction.

The following quotations are typical of many of the replies which have
been made. They ' are written by the head-masters or science masters of
both large and small schools, and are here reproduced, not only because
they allude to some of the principal defects of the present methods, but
n>lso on account of suggestions they contain which seem likely to be
valuable to those who are anxious to make chemical teaching more
effective than it is at present.

LlX. *The teaching should be experimental in all cases. The
experiments need not be numerous, but apposite, and the utmost got out
of thempboth directly and indirectly. I find, for example, that I can get

a good^ur’s work out of boys in the lower forms with such subjects as

the separ^on of sand from a solution of salt, the action of water on lime, or

the action of nitric acid on copper. I find that the same plan of limiting the

attention td one or two important points is also most effective in the upper
forms wHezdlhe exigencies of examinatibn-work admit of this kind of treat-

ment. Hotes of lessons should be relied on rather than text-books. I find,

for example, that the ground covered at previous lessons is always known,
but that I get next to nothing out of a set lesson from a book. This will

be sure to follow from an experimental method of treatment. Above all,

I would suggest the entire remodelling of all school examinations and the

placing them in the hands of men who have had experience in teaching,
n 9.
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and know, therefore, what to expect of boys? rather than in those of mett

fresh from the “ schools,” and with only the experience of university'

teaching. I should also like to see the range limited and the examination^

papers graded. The extent of the ground covered the Local Examina-
tion papers of the universities is too great for such schools as this,*thougli

Oxford has recently much curtailed them.
‘ I am led to hope that your Committee may see its way to step in anA

produce something like uniformity g-nd system. Would it not be possible

to draw out a scheme of teaching divided into “ grades,” and suited to a.

progressive course, as alsd to issue yearly sets of examination papers
adapted to these different grades ? I sincerely trust that this may be
one of the results of your inquiry, for ‘I*feel sure that examination by so
high an authority will have a most beneficial effect ^n science teaching,
and have a value in the hands of examiners impossible under any of the
present systems.* •

LX. ‘ It is, in my opinion, no use crying out against the system
of examinations in this country. For years to come the nation will go
on demanding results and getting them. Can those results be made more
worth having ? I believe they can. It lies entirely within the power of
the eminent and working chemists of the country to effect great and
useful reforms almost at once. It should be acknowledged that the
present requirements are obsolete. Looking at the enormous and ever*
increasing number of important and interesting facts, has not the time
come when chemistry should be taught to beginners as<biology is taught ?
Instead of reading about hundreds of* plants and animals, a student
becomes practically acquainted with about a dozen of each at first hand.
Why should not a similar plan be followed in chemistry ? Why should
not a thorough study of chlorine include all that an elementary pupil
needs to know about the halogens ? The principal member of each group
of the non-metallic elements might be selected for special study. As to

the metals, half-a-dozen, which might be varied from year to year, if really

mastered, would be much better than the knowledge which is required of
them under the present system. Boom would thus be found fo|: a few
organic compounds. It is pure pedantry to maintain any longer tho
arbitrary distinction of inorganic and organic chemistry in a first and
general course. As to analysis, I think the present comparatively com-
plete course should give place to a sound knowledge of the separation of
some half-dozen substances, and the time thus saved could be devoted to

easy exercises in quantitative analysis. There can be no doubt that quan-
titative analysis is within the rfeach of any student who can perform a
good qualitative analysis. What I have proposed amounts to rewriting
a syllabus for a first or general course of chemistry, on the^basis of
selecting a few typical substances and making a more or less cemplete-
study of them, and, with regard to analysis, to restrict the substances to

be studied, but to require the elements of gravimetric and^volumetricr
determinations.*

LXI. * To render the teaching ofdhemistry of educational value it must
be made inductive, and not chiefly and largely deductive. The guiding
motto should be,

** Prove all things.** Experiments should be made with
as simple apparatus as will secure the desired result. * In the earlier

lessons avoid all definitions, all hypotheses of atoms and molecules, of

atomic weight and of bonds,** but early establish the constancy of com-
position of compounds and the equivalent weights of certain elements inn
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tsom'bining with or displacing one another. I should like to see some
encouragement given to the historical aspects of chemwtry. I have
^onnd that explanations ot when and how the chief elements, acids

and alkalies came to be known add much to an intelligent interest in the

«ubmct/
L^IL ‘ It has saways appeared desirable that a boy should appro^h

Aohemistry in the same way that all the founders and huilders-up of the

science have done : viz., not by first reading a printed account of facts

a.nd then verifying them or seeing them verified, but by studying the

difTer^nt forms of matter as substapces hitherto unknown, the properties

of which have to be investigated for the first time and compared with
i)hose of other substances. With this view the experiments shown are

•considered as questions put to Nature, the answers to which are as little

known to the lecturer as to the learners. No predictions are made as to

'the results, although boys are not unfrequently asked what, arguing from
•experiments previously shown or the properties of analogous substances

previously examined, may be expected to occur. All apparatus used is

described ;
the reasons for any special arrangement of it being explained

•fully. Elaborate forms of apparatus with a profusion of drying tubes,

Woulf’s bottles, fantastically bent leading-tubes, are avoided as far as

possible, their tendency being to draw off attention from the main point

-of the experiment. The arithmetical side of chemistry is not very much
enlarged upon; it seems hardly desirable that boys should ^look upon
experiments as pegs on which numerical problems are to be hung. Too
much time may easily be spent in elaborate calculations on the quantity

of zinc required to obtain enough hydrogen to decompose the nitrogen

monoxide produced from ten grammes of ammonium nitrate. Innumer-
able examples, however, illustratTve of important laws, such as those of

•Oay-Lnssac and Avogadro, and ' of calculations actually required in

•quantitative work, are frequently set, generally at the beginning of each
lecture, in reference to some point explained in the preceding one. No
symbols, formulae, or equations are used at first—not, in fact, until the

properties of three or four elements, and of some of their compounds,
have been studied and the laws of chemical combination deduced from
them. Then, and not till then, it is thought that a learner can appreciate

the value of Dalton*s atomic theory in accounting for the facts he has
observed, and can see the advantage of a system of chemical shorthand,

and use it with intelligence and discrimination.*

LXIII. ‘ The method, in my opinion, most likely to render the teaching
offective as a mental discipline is mercilessly to sweep off a large pro-

portion of the facts at present dealt with, to confine the attention of the

pupil to those that for various reasons are the most important, and to use
them always as illustrations of general laws. For this purpose, there must
he agreement among teachers and examiners. I do not think it beyond
the'^ope of your inquiry to suggest that, to make chemistry or any
natu^l 8(!ienoe do all that it can do towards mental discipline, there must
he an attempt to use it as a means of destroying the contempt which
familiarity breeds in us all towards common things. Unless you can call

forth the interest of your pupil, hiS admiration, even his reverential awe
towards the mysteiy of Nature, you have perhaps done more harm than

good.*

, LXiy. ^ Eternal analyses of simple salts and mixtures such as are

^required by examinations of the present day weary and worry the student.
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waste his valuable ^irae, and' throw away laholb which in nearly every

individual cape would be most profitably spept in carefully studying ^andl

testing some important la.ws or principles^of^ chemistry, and which would
make the student’s knowledge of the subject thorough and personal.

Chemistry is essentially an experimental science. The great value of the

study of the whole subject lies in the practical work done and^^ in the

method of building the theoretical structure on the practical knowledge.

It is therefore absolutely necessary to have a thoroughly good laboratory

with a lecture-room attached, so that collective and individual work may
be carried on with equal facility. the present time, in our schodls and
colleges there is too mjich working for examinations, and the require-

ments to pass such ei^aminations are as narrow as paper legislation can
make them. The student is for ever testing mixtures or performing

some exceedingly simple gravimetric analyses. He is tied down, has his

knowledge fettered instead of having it expanded, and never reaches the

more advanced and useful principles of chemical science, which he can
only dream of from the hearsay of his text-book.’

LXV. ‘ There is no scale of value of the different parts of chemistry

;

there is no recognised system as to which should be taught first. I have
known boys obtain scholarships simply because their teacher •htfd been
recently a pupil of their examiner- and knew the kind of questions he was
likely to set. The ordinary text-books, lectures, and practical work do
but little for even the hardest worker. We want an authorised code of
work issued by a consensus of the highest authorities.’

LXVI. ‘ I object strongly to boys in a laboratory being allowed to mix
different solutions in test-tubes, day after day, to find dht whether pre-

cipitates are formed or not. I have a high opinion of the advantages
derivable from the teaching of chemistry when none of the harder parts

are shirked, as a valuable Inental discipline, and as giving, with drawing,,

the best means of teaching an ordinary boy the use of his hands as well

as his head.’

LXVII. ‘ The result of the absence of practice in quantitative experi-

ments is to create an unnatural breach in the minds of pupils between
the actual phenomena of chemical action and the theories by which such
phenomena are to be explained. It might be found possible to treat the
subject more logically if some attempt were made to teach the facts in a
more natural order. The historical sequence by which the science has
attained its present proportions might form the basis of a rational

arrangement of the parts of the subject. In this way, by placing the
pupils in the attitude of mind of original discoverers, the logical necessity

of theories to account for the facts would give them more real meaning
and interest. I am not acquainted with a text-book suitable for school
use in which such an order is followed.’

LXVIII. ‘ Boys have been lectured to as if they were students, thereby
producing a condition of things described by some writer as the p^srfect

paradise of a boys’ school, where the masters learnt the lessohs and tho
boys heard them. Chemistry should be taught as everything else ia
taught—by making the boys do the work themselves—and the lesson*

should be a i^stem of question and afisArer.’

LXIX. ^The calculation of chemical quantities, involving atomic'
weights, ought to come quite late in the course, so that the atomic theoi^
is kept in the background at first. The pupil should make scfveraLexperi-
ments on the diffusion of gases and liquids which will lead up to the idea.
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o| molecules. I must say Jhat I think that “ equivalents ^ should be used
for some time before any reference is made to atomic weights. As to
cramming a boy in the methods of writing equations, and finding how
much sulphuric acj^ and zinc will make so much hydrogen, I can only say
that,.,|is the boy never attempts to carry it out in practice, and that if he
did he would find his calculations all wrong as compared with his results,

he had better leave them until late in his course, for their symbolic vahie
and, in many cases, real worthlessness can only be estimated by a worker
in quantitative analysis. I think a boy’s practical work should undergo
great alteration. At present he' is examined in “simple salts,” so of
course he is prepared for that by a system oi “ test-tubing ” which teaches
him very, little. He ought to start as far as possible with elements which
he knows, such as sulphur and'^iron, and he should prepare certain com-
pounds which contain them. He should then study the action of metals
on acids, and the salts formed

;
cases of oxidation and reduction

;
prepara-

tion and properties of gaseous elements and compounds.’
LXX. ‘ In order that chemistry may be a useful subject for the edu-

cation of boys, it seems to me necessary that it should be taught from ex-

perim&ni)s involving measurements. Other experiments may be amdsing,
but do not appear to afford food for severe or productive thought. It

seems to be now generally admitted that boys should be led as far as pos-
sible to make inferences from chemical experiments for themselves. If

they are to be taught the principal facts of chemistry in this way, it

follows that the experiments must be of the former nature. It seems
to be an evil th&t so much importance is attached in many examinations
to qualitative analysis, "which appears, from an educational point of view,
to be one of the least valuable parts of the subject. The result is that

teachers are compelled to spend the time given to laboratory work on
this, to the detriment of experiments of a more instructive kind.’

LXXI. ‘ For beginners the illustrated lecture, well supplemented by
periodical questioning, examination of note-books, <fcc., seems the only
feasible way of teaching large classes of, say, thirty or forty. When tho
class is very small the lecture can be largely replaced by laboratory work,
in which the experiments are performed by each individual student. This
seems to me the best method ; but my experience is that it is impossible
to satisfactorily conduct large classes of young boys in the laboratory
except in such simple experiments as the action of metals on acids,

which can be done with a few test-tubes and other very simple and
inexpensive apparatus, the breakages being too serious in an ordinary
school if it is attempted to go through the preparation of all the com-
moner gases with a large class of beginners, in laboratories as they aro

usua^y arranged. I think more satisfactory results might be obtained

with such classes if a part of the laboratory were specially arranged for

tli|r^%)typpose, a bench (with only a few necessary reagents) in the form
ojf a semicircle being used, the students facing the teacher, who would
stand inside the semicircle. In such a class the students would all

perf(%m the same experiment after being shown it by the teacher. With
rather more advanced students I'tlnnk the separate system is better, all

students not working at the same experiment, as this obviates the

neceMity of providing a large number of pieces of apparatus of the

samd kind, lind allows a quicker student to make more rapid progress.

I think it is very important that quantitative experiments should be
made as early as possible ; but here again my experience is that young
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beginners cannol be trusted with balances su^ciently delicate to^ be
mucli value. The stereotyped “ test-tubing course examination or

simple salts and mixtures is certainly a very inadequate laboratory

course taken by itself; but it has, I believe, its ‘adv%Dtages for school

purposes in teaching care, order, and cleanliness, and it serves well, for

the middle classes of the school if properly supplemented by class*

teaching, in which the chemical actions concerned in the testing are

carefully considered.*

LXXII. ‘ Chemistry cannot properly be taught apart from phy^cs ;

there is a physical side to* every chemical phenomenon. Lecture work
should precede laboratory work, and continue pari passu with it.

Analysis rationally (not mechanically) taught is ah excellent mental
training. The two should be closely cofrelated ;

exercises should be
given in the laboratory preparatory to or suggested by the subjects

treated in the lectures, and facts learnt in the laboratory should ^be

turned to account in the lectures. The teacher must not be tram-
melled by text-books: these must be his instruments, not his masters.

Quantitative treatment of subjects in the lectures should be introduced
ai^ far as possible from the first, and as pupils advance they should be
trained individually in the use of the balance. NumeH^jcal exercises

based on (not as a substitute for) lecture demonstration help to give
fixity and precision to ideas. Pupils should be trained to think out in
their note-books the connection between experimental demonstration
and theory, and not have notes dictated to them to be committed to

memory. Their knowledge should be tested by frequent "short examina-
tion papers.* •

LXXIII. ‘ With regard to the practical work in the laboratory, thevalue
of which cannot be over-estimated as a means of bringing a boy into real

touch with his bookwork and developing in him those valuable qualities

of patience, accurate observation, and powers of deduction, so especially

necessary to the student of science, analyses of complicated mixtures
not found anywhere in the universe are no longer now considered as the
object to be aimed at. But there is still too much tendency to regard mere
analysis as the aim and object of laboratory work. Rather should a boy
be introduced to a progressive course of work which illustrates the more
important principles of chemistry, and so be enabled to test the truth of
these for himself. Here especially a good text-book of practical work is

required, as a busy teacher finds it so difficult to get time to devise as
well as supervise. Such a course of work must necessarily be limited in
many schools, owing to the want of siifhcient apparatus or the short hours
of work. But still something may be done in this direction, and the
mental training will not only be of infinitely more value to the special

student, but also to the ordinary boy, who will not be much the wiser for

having gone through a course of simple and complex analysis onl^^. I
think your Committee might do much towards smoothing the path of

teachers by drawing up a memorandum addressed to the head-masters of
schools suggesting points for their cops^deration, and asking them to meet
the Oommittee*s views on the subject as far as lies in their power.*

The Committee feel that these reports have put them in possession
of the actual facts connected with the teaching of ohemisti^ in schools,

and have made it clear that something should be done in the direction

of promoting a more uniform and satisfactory treatment of the subject.
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The "Committee think that some suggestions might now be made as to
• the method of teaching chenftstry which should be foliowed*in schools. If
this can be done, it will certainly confer a great benefit on both teachers
and examiners, ap.d will be likely to lead to a more emphatic recognition of
“the merits of tl^e scidhce as an instrument of elementary education. The
•Committee accordingly ask for reappointment.

ItepoH of the Committee, consisting of Dr. Russell, Captain Abney,
Professor Hartley, and Dr. A. Richardson appointed

for the investigation of the action of Light on the Hydracids
of Halogens in presence of Oxygen, (Drawn up hy Dr. A.

JRichardson.)

During the past year this Committee has made numerous experiments
on the decomposition of gaseous hydrochloric acid, under the combined
inflnerrtJe of sunlight and oxygen.

A series of bulbs containing a mixture of moist hydrochloric acid and
varying quantities of moist oxygen were exposed to light for five months
(from December 9 to May 26) ; the amount of free and combined chlorine

was then determined (the details are given in Table I.). It will be seen

that in bulbs 1, 2 the percentage of free chlorine is only 3*6 to 3*4, rising

suddenly, however, in bulb 3 to 92*5 per cent. : in No. 4 the amount of
chlorine liberated reaches the .maximum, viz., 92*77 per cent. ; when more
cxygen is added the percentage of liberated chlorine is lowered, the efibct

being probably to dilute the hydrochloric acid gas. The next series con-

sisted of bulbs similarly prepared, but exposed for sixty-nine days (from
May 31 to August 7). From the analysis given in Table IT. it will be
seen that oxidation of the acid has taken place, even in presence of a small

excess of oxygen
;
in many cases the whole of the acid has been oxidised

to chlorine and water, and in some cases hypochlorous acid (or some other

oxygen acid of chlorine) has been formed ; this accounts for the percentage
Amount of free chlorine coming out too high.

It appears probable that the oxidation takes place in two stages, the

first action of light being to oxidise part of the hydrochloric acid to hypo-
ohlorous acid : this is at first decomposed into chlorine and ^ter by the

Axoess of acid present, as is shown in the first series ; but when the greater

part of the hydrochloric acid has beqn remoyed the hypochlorous acid

does not further sufier decomposition.

Mate at which oxidation takes place ,—^When gaseous hydrochloric

-acM^nd oxygen are first exposed to light the decomposition goes on with

ex^RXne slowness
;

it rapidly increases, howeyer, with the amount of

ehlorihe liberated. An experiment was made on this point in which a

tube containing hydrochloric acid and oxygen was exposed to light to-

gethi^, with a tube containing a similar mixture, which had, however, been

previohsly exposed to light until 92*6 per cent, of free chlorine had been

eet fi*ee
;
when the chlorine was estimated in the two bulbs it was found

that the first bulb contained 0*9 per cent, free chlorine, whereas the other

tube had gained 7 per cent., raaHng a total of 99 per cent, free chlorine.

influefnee of free chlorine,—Experiments were made to determine what

influence free chlorine had on the decomposition of the acid. For this
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purpose four bulbs were filled with a mixture of hydrochloric acid and
oxygen ;

a kndwn quantity of chlorine was added to three of them. The
four bulbs were exposed for the same length of time and the chlorine waa
then estimated, when it was found that the mixture to which no free

chlorine had been added contained 75*9 per cent. fre8 chlorine, whilst the
bulbs containing free chlorine in the first instance gave 100*93, 105*37,.

and J:«7*29 per cent, of free chlorine. Farther experiments are being made
in this direction

;
it appears, however, likely that the presence of chlorine

renders the mixture less transparent to those rays which promote the
oxidation of the acid.

•

Influence of bro'Mine.-^Ajweighed quantity of bromine was added to a
mixture of hydrochloric acid and oxygen, ttnd exposed in bulbs, together
with those just described; when the gag,was analysed it was found that

only 10*85 percent, of chlorine had been liberated in one bulb, and 5*05 per
cent, in the other (the latter contained a larger quantity of bromine). It

does not appear likely that this retarding action of the bromine can Wdue
to its union with the chlorine liberated in the presence of excess of hydro-
chloric acid, and it will be interesting to observe the influence of bromine
vapour on the oxidation of hydrobromic acid. •

•

Influerice of moisture,—It has already been stated that a mixture of
dry hydrochloric acid and oxygen is unacted on in sunlight, and it waa
at first supposed that the partially dry mixture was completely stable in

the light ; it has, however, been found that a very prolonged exposure
brings about slow oxidation, the rate depending on the amount of

moisture present. The results obtained after four months’ exposure
show that when two-thirds of the gas was dried 23*6 per cent, of chlorine

is set free
; when one-third only of the gas was dried 42*8 per cent, is

liberated ; in the case of both gases saturated, as nearly as possible, 88 per
cent, of chlorine is liberated.

Decomposition of chlorine water.—Experiments have been made on
the action of light on chloriue water and chlorine and aqueous vapour

;

the results given on Table III. show that the amount of decomposition
increases witJi the volume of 'water taken; the ultimate strength of acid,,

however, varies in each case, becoming more concentrated as the volume
of water taken diminishes. On the other hand, the volume of oxygen
set free diminishes with the water. With a dilute solqtion of chlorine
water the decomposition is arrested by a comparatively large volume of
oxygen acting on a weak solution of acid; with a strong solution a email
volume of oxygen is tending to decompose a concentrated acid. These
results can be represented graphically in the form of a curve by mapping
the percentage of combined chlorine found after exposure against the
volume of water taken.

Chlorine gas and water vapour.—A known volume of carbon dfbxide-

saturated with water vapour was mixed with enough chlorine to theore-
tically decompose all the water ; after exposure for thirty-three days 1*33'

per cent, of chlorine had been converted into hydrochloric acid. In a
second experiment oxygen was substituted for carbon dioxide. In this

case 3 per cent, of chlorine was found «toibe present as chloride.

Further .experiments are being made in which a large volume of moist
gas is taken, the gas being only partially saturated, as it is possible'

that condensation took place on the sides of the fl^k. 9
,

Some preliminary experiments have been made -^ith chlorine water
exposed to light in coloured solutions. From these it appears that decom-
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position takes place in rays considerably below the bine. How far this is
due to heating effect hag yet to be proved

;
an apparattis is being pre-

pared to study with greater accuracy the influence of different parts of
the spectrum on chlorine water and on hydrochloric acid and oxygen.

The influence oxygen on a mixture of chlorine and hydrogen has
been observed

;
the gases were exposed for periods varying from three

hours to three days. At first it was found that, with increased ex-
posure, the amount of free chlorine was reduced

;
but when all the hydro-

gen^ present had been converted into, hydrochloric acid the green colour of
the chlorine gradually returned, cw/ing to the slow decomposition of the
acid by the oxygen. Analysis gave— •

After three hours’ exposure, 41 '2 per cent, free chlorine.

» five „ •, „ 311
„ seven „ „ 6*29 „ • „
„ two days’ „ 20 3 „ „
„ three „ „ 31*9 „ „

Little has* been done on the oxidation of the other halogens. We
hope

^
however, to be able to report on these when the Association meets

next year.

Table I.

—

Decomposition of Gaseous Hydrochloric Acid and Oxygen in

Sunlight after 170 days^ exposure, from December 9 to May 26.

. No. of

Bulb .

Proportion of
Hdl t<t 0 by
Volume

Weight in

Grams of
Free 01

Weight in

Grams of

Total 01

Percentage
Free Cl

Percentage
Combined Cl

1

HOl 0
i

4 2
j

•00532 •1478 3-608 96-39

2 4 3 ! •00335 •09G5G 3-4G0 96-54
3 4 4 •13135 •1420 ' 92-50 7:60

4 4 5 !
•1349 •15G2 92-77 7-23

5 4 (> 1 07465 •0852 87-50 12-60
i

fi 4 7
j

•07100 •07GG8 92-69 7-41 1

7 4 •0G39 •1278 60-0 60-0
i

8 4 10 I •04G15 •0852 64-lG 46-84
;

J) 4 IG
1

•0284 •0399G 71-0 29-00

^
Table II.

—

After 69 days^ exposure, from May 31 to August 7.

No. of
Bulb

-- -

Proportion of

HCl to 0 by
Volume

Weight in

Grams of
Free Cl

Weight in

Guains of

Total Cl

Percentage
Free Cl

1

Percentage
Combined Cl

HCl 0 1

4 1 •11147 •12192 90-60 9-40

4 1-6 •17182 •16898 101-68 :i

4 2 •1775 •17267 101-67 —
4 4 2-5 •11093 •11093 100-0 0
6 4 3 •11637 •11637 100-0 0 i

6 f 4 3-6 •15976 , • 15265 104-66 —
7 4 4 •1198 •11980 100-0 0
8 4 4-5 •08065 •08162 98-811 1-189

9 4 8 •11G58 •1170 99-63 •37

10 ..'4 10 •66025 •67813 96-16 4-84

11 4 IG •09762 •10661 92-34 7-66
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Table III.—Tjecomposition of Chlorine Water in Sunlight after 44 days'

Exposure.

Volume Free Cl

Cl II20
100 40
100 20
100 15
100 10

Weight of
Liberated
Oxygen

Per-
centage ^
Free Cl

•

Per-
centage
Combined

Cl

Per-
centage
HCl in

IfcO

•1740 0 100 •6507
• *1230 14-56 85-46 1-176
• *1009

1

2611 73-88 1-445
•0580 600 50-0 1-292
•0487 ' 61-56 38-45 3147
•0844 1 86-73 14-27 4-262

! -OOOjiS ; 96-78 3-22 14-18

7 ini ( I'i
i

’/

!
I

^r/

. 1 ..- u

1

'

i

I I

,U44-

f
f

"T-

I

I

7- r

i 1

-4 4

) t

f-7--

Xi.

[-1

I
-1

-f

4-- L
i

^ 7

i I

4-4-

.4 -



ON THE NATUllE OF SOLUTION.

\

Second Report of the Committee, consisting of Professors Tilden
and Ramsay* ancZ Dr. Nicol {Secretary), appointed for the
'purpose of investigating the Nature of Solution.

The mutual solubility of salts which do not act chemically on one another.

^ •
*

While it has been long know» that the presence of one salt greatly
inflnences the solubility of another salt dissolved in the same mass of
water, nothing is known of^he laws regulating this phenomenon. Much
of our ignorance on this point is doubtless due to the difficulties attending
the determination of solubiitty in general, but more to the fact that
experimenters have confined themselves to the task of ascertaining, the
effect of one salt on another when both are dissolved simultaneously
to saturation.

An extended series of experiments has been made on the following
lines.:

—

So&tions containing definite quantities of one salt have been prepared
and a second*salt dissolved to saturation in these. Thus solutions contain-

ing 2, 4, and 6 molecules of NaOl in IOOH2O were prepared and KOI
was dissolved to saturation in these, a special apparatus being employed
by means of which complete saturation was ensured without any loss of

water by evaporation. Similar converse experiments were made with

KCl solutions in which NaCl was dissolved and in all the mutual action>

of the following pairs was examined

:

1. NaCl in KCl
2. KCl in NaCl
3. NaCl in NaNOg
4. NaNOg in NaCl

6. KCl in KNOg
6 KNOginKCl
7. NaNOg in KNO.
8. KNOg in NaNOi

, In addition the densities of mixtures of the above salts in various-

definite proportions up to near the saturation point were determined, and'

also the mutual solubility to saturation of both members of each pair.

Time has not permitted us to complete the working out of the data

thus obtained, but the general results may be stated as follows :

—

. In the first six cases the solubility of the first salt is diminished by

the presence of the second when compared with the solubility in pure

water. But if each salt is assumed to have its proportionate share of the-

water present then the solubility of both salts is increased.

In pair 7 the solubility of NaNOs is increased by the presence of

rEiiTOs, while in pair 8 the presence of a small quantity of NaNOs ,

4iininishes the solubility of KNOg, but a larger quantity increases it.

t^hether or not this anomalous behaviour is due to the isodimorphism

of the two salts, as has been already suggested,^ further experiments

alope will show ;
but it may be here noted that the rhombic form of KNOj

is tfiuch more soluble thrfii ^he ordinary prismatic form, as is easily

proved by allowing a drop o^ potassium nitrate to evaporate slowly on a
glass plate and after rhombic crystals have separated, on touching the drop-

with Sk^ite, instant crystallisation in the prismatic form results.^ This also-

IS one dfthe few instances, ifnot the only one, ofsupersaturation in the case

> 171001, Phil. Mag., June 1884.
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of a salt crystallieing without water, and the dip^orpliism, and consequent

siipersatnration, lends support to the view that supersaturation is due to

the fact that the individual in solution differs from that which crystallises

out.

Soluhility of salts in aqueous solutions of alcohol.

That salts are less soluble in alcohol than in water has been shown
by the experiments of Schiff and Girp,rdin, but hitherto the attempt^ to

trace out the connection between the soiubility and the amount of alcohol

present have entirely failed..

A series of experiments oh this subject,, has been commenced and
considerable progress has been made towards co,mpletion. The method of

experiment is as follows : Solutions of aloohdiof definite strengths are pre-

pared by diluting absolute alcohol with weighed quantities of water. The
composition of the solutions thus obtained is checked by a comparison ef
their densities with the table given by Mendeleef

; 10 to 1 5 cc. of these

solutions, which are of definite molecular strength (5, 10, 15, &c., mole-
cules of alcohol to IOOH2O), are placed with excess of salt in the saturation

apparatus referred to above, and after 24 hours, during which time the
contents of the tubes have been shaken 20,000 times, the cleSr solution is

poured off, evaporated to dryness, and weighed.

The salts suitable for these experiments are few in number. No
hydrated salts can be used and the anhydrous salts must be freely

soluble in water, otherwise their solubility in dilute alcohol sinks so low
that the experimental error becomes too high.

Up to the present only four salts have been examined, NaCl, KCl,
NaNO,, and KNO3, in four solutions of alcohol up to 20 molecules, but
the densities of solutions of these salts in the alcohol solutions have also

been determined. The results have yet to be worked out.

The Committee propose to complete the experiments in these two
branches of the subject and then turn their attention to the vapour-
pressures of water from solutions, the special apparatus for which has
been long ready. With this view they desire to be appointed for another

^

year.

Report of the Committee^ consisting of Professor Kay Lankester
Mr. P. L, ScLATER, Professor M. Foster, Mr. A. Sedgwick,
Mr. Walter Heaps, Professor A. C. Haddon, Professor Moseljy,
and Mr. Percy Sladbn (^Secretary\ appointed fox the purpose
of mahi/ng arrangements for assisting the Marine Biological
Association Laboratory at Plymouth,

Yolb Committee have the pleasure to report that on June 30 last the
laboratory and tanks of the Marine Biolio^cal Association at Plymouth
w’ere formally declared open and ready for work.

Immediately afterwards Mr. Cunningham, Mr. Weldon, and Mr.
Bourne, assisted by Mr. Garstang, secretary to the Director, began to
explore methodically that part of Plymouth Sound lying within the
breakwater. The results of the exploration are not yet ready for publi-
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cation, but it has proved that the fauna lying inside the breakwater is

popr in comparison with that? outside.

Mr. Cunningham has ‘continued his special investigations upon the

development of teleostean fishes.

Mr. Weldon has dbntinued his work on Crustacea with special regard

to the development of Momarus and Palinurus,

Mr.' Bourne has devoted some time to an examination of the Hydroidea

of the district.

Mrj Garstang is working out the Mollusca.

Mr. Hardy, of Caius College, Cainbridge, arrived at the laboratory in

July, and at once commenced an investigation upon the development of

sponges {Asconidce)f which is proceeding. During the month of August
Mr. Beddard has been investigating the marine oligocbrnte worms of the

district, and Dr. C. A. MacMunn nas been engaged in investigating the

colouring matter of various marine invertebrates. Dr. Burdon Sanderson
and Mr. Gotdh are expected during September, and will continue their

investigations on the electric organs of skates and rays.

Although the buildings are practically ready, and can be used for

research), ^me delays and hindrances have occurred in the stocking of

the aquarium attached to the laboratory, and the want of certain fittings,

now supplied, haj hindered the staff in making a complete collection of

the fauna of the district.

At present Mr. Bourne and Mr. Weldon are making a series of

observations with the surface-net, principally by night, with the view of

gaining accurate Jknowledge of the pelagic fauna of the Channel.
It has been found that the^work of the Association has been sadly

hampered by the want of a small but seaworthy steamboat, such as the

Naples steamboat ‘ Johannes Muller. ’ The Association does all its

present work with a small hook-and-line boat of about five tons, and it is

fbund that in calms, rough weather, and contrary winds much time is

wasted. It is also a great disadvantage that the trawl or dredge
has to be hauled in by hand, an operation which could be performed by
a small steam winch on a steamboat. The Council of the Biological

Association has authorised the Director to make a special appeal for

funds towards purchasing and maintaining such a steamboat, and should
the General Committee of the British Association be prepared to make a
further grant towards the Plymouth laboratory, your Committee would
venture to suggest that it should take the form of a donation to this

specis^l fund.

Your Committee have paid to the Marine Biological Association the

sum of 1001., placed at their disposal for that purpose
;
and the Council

of the Biological Association have tendered to your Committee their

thankfffor the support given to the Biological Association by the Council

of th% British Association.

rbr v Committee beg to point out that it would, in their opinion, be
desirable for the Council of the British Association to complete its con-

tributions to the Marine Biological Association to the total of 500Z., and
thus 'acquire the power of nominating a life governor of the Marine
Biological Association.
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Third Report of the Committee, consisting of Professors Tilden’

and Armstrong {Secretary), appointed forJihe purpose of in^

vestigating Isomeric Naphthalene Derivatives, {Drawn up by
Professor Armstrong.)

The following is an outline of the work accomplished during the past

year in the reporter’s laboratory chiefly with the invaluable co-opbration

of Mr. W. P. Wynne, !Q.Sc.

In discussing the laws of substitution for naphthalene, attention was-
directed in the first report to the alpha law as the dominant law ; and it

was pointed out that whenever departures from this law occur, as a rule,

either the conditions are such as to favour seconda^ changes—as in the
formation of /3-sulphonic acids at high temperatures in presence of an
excess of sulphuric acid-r-or a radicle such as OH or NHg is present

which exercises a special influence. It was mentioned, however, in the
same report, that when /3-chloronaplithalene is sulphonated by means of
SO3HOI, Iwo isomeric acids are formed which there is reason '^to believe

are represented by the formulso :

—

SO3H

a-acid. SO3H j3-acid.

The conditions are such that the formation of the /3-acid cannot be
attributed to the occurrence of secondary changes such as in all pro-
bability take place when sulphuric acid is the agent ; the production of this
derivative, therefore, cannot well be reconciled with the alpha law, but
is suggestive of the existence in the naphthalene molecule of a ‘plane of
symmetry ’ passing through the /3^/3’'^'-carbon atoms in which an influence
is exercised. The observations on isomeric change briefly described in.

the last report prompted us, however, to determine whether the a-acid^

could not readily be converted into the /3-acid by heating : the results
entirely favour the view that the latter acid is in reality the product of
isomeric change, and that its formation is in no way an exception to the
alpha-law. When the sulphonation was efiected in the cold, only three
to four per cent, of the product consisted of the /3-acid; after heating the
product at 100® for half an hour the amount rose to eleven per cent. ;,

heating at 150® for one hour increased the proportion of /3-acid tojptwenty
per cent. ; and no less than fifty-three per cent, was present after heating
at 150® for five hours.

These results have led us to study the behaviour of the chloro-
naphthalenesulphonic acids generally when heated, in order to determine
whether, and in what way, they undeigo isomeric change. In preparing
the necessary material for these experiments we have converted the four
isomeric modifications of betanaphthylaminesulphonic acid by Saudmeyer’s
method into the corresponding chloronaphthalenesulphomc acids, and
by distilling these with phosphorus pentacbloride have prepared the cor-
responding dichloronaphthalenes. The designation of the amido-aoid, the^
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melting-point of the sulpho-phloride of the chloro-acid, and the designation

and melting-point of the dicliloronaphthalene are aiS follows :

—

Sulphochloride Dichloronaphthalene

betanaphtbylaminesulphonic acid (a) (Bad\sche) .

m. p.
129° iff)

m. p.
63°-6

" „ „ (iB) (Bronner) . 109° (0 136°

„ „ (y) (Dahl)

.

70° (V) 48°

„ „ (5) (Bayer and 86° (8) 114°
Dv^isberg)

Isomeric dichloronaphthalenes ,—Ko less than 12 isomeric ^ichloro-

naphthalenes have now been described. The conventional plane symbol of

^naphthalene serves to exhibit only ten, but a geometrical symbol may be
constructed in accordance with the method followed by Herrmann in the
case of benzene (‘Berichte,’ 1888, 1949), which foreshadows no less than
sixteen. The following is a list of the reputed dichloronaphthalenes :

—

(1) m.p. = .34° (7) . . . C • • • m.p.= 83°

(2) ... a .. . m.p. = 38° (8) . . . k . . . m.p.= 94°

(3) ... V .• . m.p, = 48° (9) . . . 7 . . . m.p. = 107°

(4) , . . d. . . m.p. = 61°'6 (10) . . . 5 . . . m.p. = 114°

(6; . . . 0\ ^ . m.p. = 65° (11) ... I . . . m.p. = 120°

(6) . . . \ . m.p. = 68° (12) . . . 6 . . . m p. = 135°

a’^a^dichloronaphthalenes. Nos. 6, 7, and 9 in the list belong to this

category and represent the three possible a-a-derivatives : fi~dichloro-

iiaphthalene is undoubtedly the a^:a*homonucleal modification, being
obtainable from* naphthalene tetrachloride and from naphthionic acid ;

y- and ^^dichloronaphthalenes are heteronucleal compounds, and if no other
evidence were forthcoming, the fact that the y.compound has the higher
melting-point would alone justify us in regarding it as the symmetri-
cal, a* :o^'derivative

;
since, however, it is obtainable from the nitro-

sulphonic acid isomeric with the a-a-acid known as the Scholkopf acid,

which—taking Bamberger’s researches into account—is a so-called peri or

hetero-ortho derivative, there cannot be any doubt that y- is 1 :
4' and

that 4^ is 1 :
1' dichloronaphthalene.

fi^jS^dichloronaphthalenes.—Of the three possible /3-/3- modifications,

and €*• dichloronaphthalene are the two possible hetero-compounds
;
and

from the high melting-point of the latter there can be practically no
doubt that it is the symmetrical 2 : 3' modification, the ^-compound being
therefore the 2 ; 2' derivative.

a^ji-dichloronaphthalenes .—Four are possible, two hetero- and two
liomonucleal. ij- and 0' (m.p. 63°*6) dichloronaphthalenes may be prepared
as above stated from Dahl’s and the Badische modification of fte^anaphtbyla-

minesulphonic acid respectively, and also from two a-nitro-acids obtained

•by Dl^e by nitrating naphthalene&e^asulphonic acid
;
they are therefore

TindiQiiibtedly a-)3- compounds, and are probably both heteronucleal. If these

argt^^ ufs bo correct, the one is 1 : 2', the other 1 : 3' dichloronaphtha-

lene,- •

d»dichloronaphthalene (m.p. 61®‘5) is either, the 1 : 2 or the 1 ; 3 modi-

fioatidn." d^dichloronaphthalene^ the •product of the action of alkali on
naj^hthaiene tetrachloride, is undoubtedly a homonucleal compound. The
niodifioation melting at 34®, prepared by Cleve from chlorobetanaphthol

afid chlorobetanaphthylamine, is also homonucleal ;
this latter is an alphom

chloroimphthalene derivative (Cleve), so that the dichloronaphthalene

nielting at 84® if not the 1 : 2 is the 1 : 3 variety. By exclusion, it

1888. H
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would follow tjiat a-dichloronaphthalene is the|thir(i ^^-dichlo-

ronaphthaleue.

K and t-dicliloronaphthalenes have thus far been omitted from con-
sideration ;

the former is probably non-existent, the method by which it

is said to have been prepared being one which is v^ry unlikely to afford

a dichloronaphthalene. It is not improbable that the (-compound will

also be found non-existent : if on treating naphthalene with chlorine a
small quantity of an isomeric heteronucleal tetrachloride be formed, and
this lose its a-chlorine atoms, c-difchloronaphthalene would result, 'And it

is possil^e that this substance in an impure state may have been regarded
by mistake as a distinct substance.

HCl HCl
Naphthalene homo- Naphthalene hetero- «*dichloro-

tetrachloride. tetrachloride. naphthalene.

Isomeric dicMoroiiaphthalenesulphonic acids .

—
^With the object of further

characterising and determining the individuality of the dichloronaphtha-
lenes, the study of their snlphonic acids, to which referqnce was made in

the last report, has now been extended to all. The chief result of interest

is the fact that the dichloronaphthalene melting at 34® yields certainly

two, perhaps three, isomeric sulphonic acids
;
the sulphochloride of the

one acid crystallises in minute prisms melting at 168®, that of the other
in massive prisms melting at 105®.

The dichloro-acids prepared by Widman by chlorinating naphthalene-
a- and ^-sulphochlorides have also been examined. That from the ^-sul-

pho-chloride yields when hydrolysed jS-, that from the alpha-sulphochloride
what appears to be ^-dichloronaphthalene, m.p. Cl®'5.

Addendum .—Since the meeting of the Association, Erdmann and Kirch-
hoff (‘ J^nalen,* 247, 366) have described the results of experiments on the
synthetic production of chloronaphthalene derivatives which they contend
afford proof of the constitution of the y, rf and 0 varieties of dichloro-
naphthalene. Their method consists in preparing chlorophenylparaconic
acids by interaction of succinic acid and chlorobenzaldehydes

;
by distilling

jbhe acids, chloronaphthols are obtained from which corresponding dichloro-
naphthalenes are prepared by distillation with phosphorus pentachloride.
The conversion of phenylparaconic acid itself into alphanaph^hol is

supposed by Fittig and Erdmann to take place in the manner indicated
by the following symbols

:

CO
I \
o

/

CHg
CHCOOH

Phenylparaconic acid.

+ COj +H2O.
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AssnmiDg that the chloro>acids niidergo a similar charage, the acids
djerived from ortho- and parachlorobenzaldehyde should each yield but a
single chloronaphthol, and that from the metachlor-aldehyde should alone
be capable of yielding two isomers, viz.:

—

Cl OH OH

Actually they obtained eveutually from the metachloro-acid jj-di-

chloronaphthalene (m.p. 48®) ;
and as C*dichloronaphthalone (m.p. 83®)

is undoubtedly the 1 : V derivative, they regard the rj as the 1 :
3'

derivative. The ortliochloro-acid was found to yield y-dichloronaph-
thalene, and hence they regard this as the 1 ; 4' derivative—a conclusion
which harmonises with previous views. 0-dichloronaphthalene (m.p. 61®*5)

was prepa.^’ed from the parachloro-acid, and accordingly this is represented
to be the 1 : 2' derivative.

But these conclusions are entirely based on the assumption that the
naphthol-hydroxyl is derived from one of the carboxyl groups of the
succinic acid, as indicated by the symbols given above: there is,

however, no reason why it should not be derived from the COH group of
the aldehyde, and in this case the i; would be the 1 : 2' and the Othe 1 :

3'

derivative. In any case, this objection entirely deprives Erdmann and
Kirchhoff’s arguments of their force : as in the case of benzene, there
is little doubt that the constitution of naphthalene derivatives will bo
determined eventually by the study of naphthalene derivatives and not
by synthetic methods of the character of those in question.

Third Bj&port of the Gomrriitteey consisting of Dr. Garson, Mr.
Pengelly, Mr. F. W. Budler, Mr. G. W. Bloxam {Secretary\

Mr. J. Theodore Bent, and Mr. J. Stuart Glennie, appointed

for the purpose of investigating the Prehistoric Race in the

Greek Islands,

This spring Mr. Bent commenced researches on the promontories jutting

into tile JSgean Sea along the coast of Asia Minor. On the most
soutl^rn of these, opposite the island of Rhodes, was discovered near the

anciejh^ Ijoryma, which was identified by Leake, a curious little harbour,

and liear it the ruins of a town. After working here for two days, from

inscriptions on tombs*and the sites of temples, it was identified as having

anciemly bfen called Kasarea, or, es« Ptolemy and Pliny respectively call

it, Kp^<rora and Portus Oressa.

Proceeding eastwards, on a promontory to the west of the Gulf of

Makri, he foiin4 the ruins of another hitherto unknown town.
^

Here
^

he

was able to work for many days and found much of interest, including

33 inscriptions, which informed him that this town was anciently Lydae,

H 2
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an important f.ity of Lycia and the seat of a l^oman prdconsul. From these

inscriptions much was gathered concerning the local government, its

division into demes, the gods here worshipped, and the names of its chief

families and benefactors.

About five miles inland, buried in a forest, he further identified the

ruins of another town called Lissss, and found two inscriptions of the

date of the third century B.C., many tombs, and sites of buildings. Over

one of the rock-cut tombs in this neighbourhood was found an inscription

which appears to be a mixture of Lycian and some other languag€f in use

in this district, but which has not yet been deciphered.

The inhabitants of this district are all nomad and form an interesting

subject for study. The difficulty of approaching them arising from their

suspicion of strangers was only overoende after a few days’ residence

among them. It would appear that they are almost entirely self-governed,

owning allegiance to the ak-sahal or white beard who dwells up in the

mountains, whilst they wander from one pasturage to another, dwelling

in huts and acting as woodcutters. Each division of a tribe is called a

yae/a, with its chief Yuruk Agha-si. Some few become sedentary and till

the ground, others wander from place to place for pasturage. • Mr. Bent

hopes to return to these parts next winter and to make forther investiga-

tions amongst them.

The things found during Mr. Bent’s excavations are now deposited in

the British Museum.
The Committee ask for reappointment with enlarged powers, and

that the grant may be increased to 40Z. •

Report of the Committee^ consisting of Sir Rawson Ravvson, General
Pitt-Rivers, Dr. Muiriiead, Mr. C. Roberts, Dr. J. Beddoe,
Mr. H. H. Howorth, Mr. F. W. Rudler, Dr. G. W. Hambleton,
Mr. Horace Darwin, Mr. G. W. Bloxam, Dr. Garson, and Dr.

A. M. Paterson, appointed for the purpose of investigatmg the

effects of different occupations and employments on the Physical
Development of the Human Body,

The Committee met frequently during the past year. A circular has
been issued asking for the active assistance of employers of labour and
others who have access to large bodies of working men, and the Committee
has received many promises of assistance.

Cards for recording observations have been printed, and a p^per of
instructions to ensure, as far as possible, uniformity in taking the obser-
vations has been drawn up.

^

It has been resolved to confine the operations of the Committee to one
large centre of population at a time, and Manchester has been selected as
a starting point. A sub-committee has been formed there, ai^ the
Committee anticipate valuable results ‘during the ensuing winter, but no
returns have yet been received.

The Committee respectfully ask for reappointment and for a renewal
of the grant.
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Sixtemth Report of the Committee^ consisting of -Professors J.

Prestwich, W.^ Boyd Dawkins, T. McK. Hughes, and T. G.
Bonney, Dr. H. W. Crosskey, and Messrs. C. E. De Range, H.
Gr, Fordham, D. Mackintosh, W. Pengelly, Plant, and
-R. H. Tiddeman, appointpd for the purpose of recording the

position, height above the sea, lithological characters, size, and
origin of the Erratic Blocks \jf England, Wales, and Ireland,

reporting other matters of interest connected with the same,
and taking measures for their preservation, {Drawn up by
Dr. Crosskey, Secretary,)

It was expected that this Committee would be able at an early date

to summarise and conclude its reports ; but as its existence and object

are becoming more generally known, so large a number of new observa-

tions are being forwarded, that it is necessary that its work should still

be carried on.

Among the important points that are being brought to light are : (1)
the very distinct grouping of erratics in various localities, showing clearly

that they have travelled in definitely marked courses
; (2) the determi-

nation of the character of these groups by the physical geography of the

country—ridges of existing highlands and hills effectually stopping or

diverting the courses of the streams of boulders; (3) the occasional

crossing of the groups of boulders—the meeting places of different

streams being determinable
; (4) the deposition of erratics at different

periods.

When the summary of the reports is prepared, these facts will bo
fi>und to stand out with great clearness and their bearing upon the glacial

theories will prove to be of large importance.

Yorkshire.

Very remarkable facts were recorded in last year’s report, respecting

the boulders in the parish of Ingleby Greenhow, Northallerton
;
where

blocks from the Lake district, from the S.W. of Scotland, from the

CJheviot hills and adjoining districts, from more distant northern parts

of Scotland, are intermixed with glaciated blocks of local origin.

The Rev. John Hawell supplements the information previously given

and has examined 365 boulders (Professor Bonney and Mr. 0. T. Clough
giving their kind assistance in the determination of some of the specimens)

with the following results :— *

(1) Shap granite

(iQ Granite of Griffel type

(3) Dolerites . .

(4) Syenite or diorite (Scotch)

(5) Quartzite

(C) Quartzose rock . . • •.

(7) Quartzose greywacke

(8) Vein quartz

(9) Quartz-felsite -(from St. John’s Vale ?)

(10) Peisite

(11) Torphyrites from Cheviots

(12) Porphyrites from Cheviots or S. Scotland

1

9
1

1

1

1

1

2
1

67
7
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1

1

1

1

1

4

2
57
1
4’

1

3
3
13
7
3
1

1 •

81
11
11
‘‘2

1

1

1

2
38
4
1

4
C

Total 365

(1) No. 284—In stream belov^r Ingleby Mill Dam; rounded; 33 x21
xl8in. No. 306—In Mr. H. Bainbridge’s field

; Greenbow; rounded;
15 X 13 X 10 in. No. 328—Near Mr. H. Bainbridge’s house

; in stream

;

rounded
; 22 x 18 x 16 in.

(2) In bed of stream below InglebyManor House
;
rounded; diameter

about 18 in.

(3) The dolerites may not improbably have been derived from the
Whin Sill of Teesdale. Mr. Clough, however, says, * The Whin Sill

also occurs with much the same character in parts of Woardale,
Northumberland, and there are also various dykes in N. of England
of same character.* No. 243—In Ingleby Mill Dam

;
imperfectly rounded

;

19 X 16 X 14 in. No. 265—By side of railway near Mr. Gill’s farm

;

rounded
;
27 x 22 x 13 in. No. 364—Ou Kirby-Moorside Hoad, above

Bank*Foot
;
rounded

; 22 x 20 x 13 in.

(4) No. 349—In stream below Ingleby Manor ;
subangular

;
c8 x 8

x6 in. ‘Syenite or Diorite—Scotch* (Bonney). ‘Might be from the
shoulder of Criffel* (Clough).

*

(5) No. 268— In Mr. Gill’s field
; well rounded ; 6x5x4 in.

* Quartzite
;
possibly derived from an Old Red Conglomerate * (Bonney).

(6) No. 39—^Ingleby Vicarage Garden
;
rounded ;

13 x 11 X 10 in.

(7) No. 176—Ingleby Mill Dam
;
rounded

; ? x 6 X 6 in. ‘ Quartzose
Greywacke—probably S. Scotch * (Bonney). o

(8) No. 352—Stream below Ingleby Mill Dam; rounded; 20

X

16x13 in. ‘Vein quartz—Chalcedonic * (Bonney).

(13) Porphyrite (from near Kelso ?) . .

(14) Por^yrite from Cheviots or near Kelso

(15) Felsite or porphyrite (Scotch) . . .

(16) Hornftlendic porphyrite

(17) Hornblendic felsite or porphyrite

(18) Porphyrites from Borrowdale series

(19) Augite-andesites from Cheviots

(20) Old augite-andesites

(21) Augite-andesites from Cleveland Dyke .

(22) Doubtfully from the Cleveland Dyke
(23) Basalt of uncertain derivation^.

(24) Basalt or augitic andesite ....
(25) Very compact b.^salt (Scotch) ....
(26) Porphyritic basalt (from Carter Fell ?) .

(27) Indurated volcanic ashes from Borrowdale series

(28) Felstones from Borrowdale series .*

(29) Doubtfully felstones from Borrowdale series .

(30) Felstone ?

(31) Ilalleflinta?

(32) Sandstones from local Inferior Oolite

(33) Sandstones, Oolitic and otherwise .

(34) Coarse grits

(35) Millstone grits.......
(36) Fine quartz grit

(37) Calciferous sandstone

(38) Argillaceous limestone

(39) Calcareous cherty limestones ....
(40) Limestones

(41) Mudstones
(42) Brown calcareous rock

(43) Of uncertain character

(44) Notes too imperfect, or specimens miSlaid
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(9) No. 98—Ingleby4 ^ill Dam; hard, sabangular; 13x12x6 in.

No. 158—Ingleby Mill Datti
;
angular; ? x 7 X 5 in. * Felsito or porphy-

rit^. (Bonney). These blocks may not improbably have been derived
from the quartz-felsite of St. John’s Vale, Cumberland.

(10) No. 93—Iilgleby Mill Dam; Qubangular; 8x4x3 in.

(li‘) No. 125—Ingleby Mill Dam ; subangular; 17x8x? in. ‘Por-
phyrite—old andesite (Cheyiot ?) ’ (Bonney). ‘ Possibly from the Che-
viots, but not a common type there, and should think more probably from
some<of the porphyritic areas in the S. of Scotland ’ (Clough). No, 138
— Ingleby Mill Dam; moderately ^rounded

;
24 x 15 x Pin. No. 139

—

Ingleby Mill Dam
;
subangular

;
21 x 18 X 10 in. The above are some of

the largest of these common blocks which so strongly characterise our
local’drift.

(13) No. 339—On right bank of stream below Ingleby Mill Dam
;

subangular
; 16 x ? X 14 in. ‘ Potphyrite— probably an old andesite

*

(Bonney). * Very like some of the upper Old Red traps of the neigh-

bourhood of Kelso. I have also noticed these rocks mixed with Cheviot
rocks in considerable quantities in Bridlington Bay boulders’ (Clough).

(14) No. 232—Ingleby Mill Dam; angular; 8x7x5 in. ‘Might
well be from the Lower Old Red porphyritic district of the Cheviot Hills

*

(Clough).

(15) No. 275—In Mr. Gill’s field, Ingleby
;
subangular

;
smoothed

;

4 X 8 X 6 in. ‘ Felsite or porphyrite—Scotch ’ (Bonney).

(16) No. 303— In stream below Ingleby Mill Dam; subangular;

10x6x6 in. ‘.Hornblendic porphyrite—S. Scotland’ (Bonney). ‘Not
unlike portions of the lowest of the porphyritic flows at the head of

Coquetdale, Cheviot Hills ’ (Clough).

(17) No. 319—In stream near Mr. H. Bainbridge’s farm, Greenhow ;

rounded
;
21 X 17 X 14 in. ‘ Hornblendio felsite or porphyrite ’ (Bonney).

‘Very like some igneous masses in the Highlands near the head of Loch
Katrine, Loch Lomond, &c.’ (Clough).

(18) The largest of these is No. 302. In stream below Ingleby Mill

Dam
;
subangular ; 17 X 10 X 6 in.

(21) As the Cleveland Dyke at its nearest point, near the village of

Great Ayton, is distant only some four miles from the present position of

the boulders to which these notes refer, and as the ice-sheet must have

ploughed across it almost at right angles in the immediate direction of

our locality, we should naturally expect to find what, in point of fact, we
do find—numerous angular and subangular fragments derived from it,

intermixed with the other boulders. The ‘ Whinstone,’ as it is locally

termed, is described in the memoir of the Geological Survey relating to

the district as ‘ a bluish-grey augite-andesite, consisting of a ground mass
appavently made up of augitio and felsitio matter, with small crystels of

fel^ar and augite. ' Scattered through this are glassy crystals of triclinio

feU^oar of much larger size, very distinctly visible to the unaided eye,

and which give the rock a distinctive character by which it can be easily

recognised.’ As other dykes of a very similar character occur in the

direct^ipn from which the ice-sheet»came, it is possible that one or two
from other sources may have been put down as from this source. The
largest measures 48x35x34 in. Others measure respectively 39 in.,

33 in., 29 m., 28 in., 27 in. in their longest diameter.

(22) aNo. 113—Ingleby Mill Dam
;
imperfectly rounded, with smooth

faces : ll x 8 x 6 in.
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(24) No. 274—In Mr. Giirs field
;
moderately rounded ; 13 X 9 X 7 in.

* Basalt or an^itic andesite—Northern * (Bonney).

(26) ‘ Porphyritic basalt—Scotch or north of England * (Bonney).
‘ Looks as if it might be from the porphyritic basalt rook of Lumsden
Law or the Carter Fell or from some other of the similar basaltic rocks pf

the Border country
* (Clough). *

(27) Two in Greenhow measure respectively 31x20x13 in. and
27 X 17 X ? in.

(28) The largest of these measures 13 x 12 x 10 in. <>

(29) A subangular boulder at ftagleby Mill Dam measures 18x13
X 7 in. •

.

(30) No. 326—In Mr. H. Bainbridge’s field, Greenhow
;
rounded

;

10 X 6 X 4 in. ,

' "

(31) No. 73—By side of road near’ Ingleby Church
;

imperfectly

rounded; hard; green; 14x9x5 in. * Not igneous—a Halleflinta*

(Bonney). ‘ Should strongly suppose this to be one of the rocks of the
volcanic series of Borrowdale' (Clough).

(32) The real proportion of these blocks is somewhat higher than is

represented by the number 81, since some small ones have beepi passed

over where more unfamiliar rocks would have been noted. The following

are the measurements of a few of the largest : 36x20 x l’7 in.
;
33 xl8

X 12 in,
;
30 X 22 X ? in.

;
29 X 14 x ? in. ; 29 X ? X 12 in.

; 24 x ? X 16 in.

;

23 X 22 X 14 in. The majority of the above consist of a somewhat com*
pact sandstone, not easily worn and resisting decomposition.

(33) Some of these are probably from the Oolite
;
pthers from the'

Carboniferous. The largest measures 16 x 10 x 7 in.

(34) These are probably all from the Ihferior Oolite. The largest of
them, which is at the Ingleby Mill Dam, measures 29 X ? X 8 in.

;
others

measure 24 X 17 X Pin.; 23 X ? xl9in.
(36) No. 150—Ingleby Mill Dam; 6x6x4 in. ‘Fine quartz grit

;

probably Carboniferous * (Bonney).

(37) No. 145—Ingleby Mill Dam
;
subangular; ? x9x4in.

(38) No. 351—In stream below Mill Dam
;
subangular

;
22 x 19 x ? in.

;

argillaceous limestone
:
perhaps from the Oolite.

(39) No. 166—Ingleby Mill Dam
;
subangular

;
17 X ? xlO in. No.

299—In stream below Mill Dam
;
angular

;
10 x 6 X 4 in.

(40) The majority, but not all, of these are from the Mountain Lime-
stone. Some are greenish or yellowish

;
others very light coloured

;

a few nearly black. No. 165—Ingleby Mill Dam; a flat slab; finely

stratified
;
28 X ? X 5 in. No. 282—In stream immediately below Mill

Dam, having recently fallen from left bank
;
angular; cubical; ordinary

mountain limestone, full of fossils, including Spirifera hisulcata, 8yringo~

pora geniculata, Athyris amhigua, Terebratula vesicularis, and a shell which
I take to be Spiriferina criatata, var. octoplicata

; 22 x 19 X 14 in. ,

(41) No. 256—Marsh Lane
;

rounded and flattened ; stratified

;

striated on one side in various directions
;
18 x 14 x 5 in. ‘ Mudstone *

(Bonney). No. 48—Ingleby Vicarage Garden
;
discoidal

; 9 X 7 X 3 in.

‘Mudstone—Scotch Silurian (?)* (fionney). ‘Very like one of the
Coniston flagstones of tho English Lake district

;
probably came over the

watershed W. of Bowes with the Sbap granite boulders' (Clough). ^

(42) No. 350— In stream below Ingleby Mill Dam: angular;
1x18x3 in.

The Committee have received the subjoined valuable reports from the
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* Torkshire Boulder Commktee,* formed in connection wi*.h the ‘ York-
shire Naturalists’ Union.’

That Committee have had the advantage of the services of Professor
Green, F.B.S.,as chairms,D, and Mr. S. A. Adamson, P.G.S., as secretary,

and have examined ^d passed all the reports which are subjoined.
The Rev. E. M. Cole, M.A., Wetwang, forwards the following re-

ports. :

—

In a field, about 350 yards north of Gristhorpe station, near Filey, and
about 50 yards east of the railway, is an isolated boulder of basalt

; sub-
angular

;
4 ft. 7 in. X 2 ft. 10 ir<^>^*l ^t. 1*1 in. Partially imbedded in

ground.
In the North Skeugh Field, Stillington, near Easingwold, is a boulder

4 ft. 3 in. X 3 ft. X 2 ft. 7 in.
;
r(fi.mded ;

has not been moved
;
longest axis

N.E. and S.W. No strim apparent. A very hard cherty limestone.

About 150 feet above sea-level. Rosts upon Middle Lias.

In and around the village of Muston, near Filey, are the following

boulders:

—

No. 1. 3 ft. X 2 ft. X ft, basalt, smootlied.

„ 2. 1ft. 3 in. X 1 ft. 9 in. X 1 ft. 6 in., basalt, sharp edges.

„ 3. 2 ft. X 3 ft. X 1 ft. 8 in., basalt, smoothed.

„ 4. ‘4 ft. 6 in. X 1 ft, 10 in. x 2 ft., basalt, triangular-shaped end.

„ 5. 3 ft. X 2 ft. 4 in. x 1 ft. 8 in., basalt, angular.

„ 6. 1 ft. 8 in. X 2 ft. 6 in, x 2 ft. 11 in., basalt, smoothed on one side.

„ 7. 4 ft. 6 in, X 1 ft. 7 in. x 1 ft. 3 in., grit.

#

Round the sign-post in the centre of Muston village are two boulders :

Basalt—2 ft. 7 in. x 2 ft. 3 in X 8 in. (embedded in ground), and 2 ft. 9 in.

X 2 ft. (embedded in ground).
A boulder at the corner of a house close by ;

basalt, 2 ft. 3 in. x 1 ft.

8 in. X 9 in.

There are at least half a dozen others from 1 ft. to 2 ft. cubes.

In a bank, surmounted by a hedge, at the Hunmanby end of the

village, are three gritstone boulders : 3 ft. 3 in. x 1 ft. 8 in. x 1 ft. 1 in.

;

2 ft. 7 in. X I ft. 8 in.
;
3 ft. x 1 ft. 5 in.

In the middle of a grass field, half-way between Muston and Hun-
manby, in a straight line, is an isolated boulder of basalt

;
rounded,

3 ft. 6 ic. X 3 ft. X 1 ft. 1J in. Embedded in the ground.

There are two groups of boulders at Bempton and Buckton (East

Biding) :

—

3 ft. X 2 ft. and 2 ft. cube is the ordinary shape. A few angular, a
few sub-angular, but mostly rounded. The stones referred to have all been

moved by man, built into foundations of houses, set up at corners of

streetEte; also used as seats. There is no doubt whatever the boulders

have^heen removed from adjacent fields. By far the greater number
are. ,^^hinstone. There are many blocks of various sandstones^ but

four-nfths are whinstone. 250 feet above sea-level. They are abundant

in the villages of Bempton and Buckton. Speaking only of the large

ones
: § 'may be seen at the well > IjO at the pond close by

;
10 more in

the Gotiages towards Cliff Lane ;
5 forming steps in the lane itself

;
hun-

dreds in the walls of smaller size but upwards of 1 ft. cube ;
10 in Buck-

ton, npwsjpdla of 2 ft.
; . 15 at least in Old Bridlington at the comer of

streets, upv^ards of 2 ft., some smoothed ;
24 by the pond at Flambro’,

removed thither from adjacent fields.
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All the abqve mentioned are whinstone : i^is the characteristic boulder

of the Buckton, Bempton, and Flambro’ cliffs, and seems ubiquitous.

Two boulders occur at Bempton (E. Riding) in the fields known as

‘The Beys,’ a few yards from the top of Bempton Cliffs, opposite Scale

Nab ;
the boulders are about 50 yards apart. *

Boulder No. 1.—4 ft. x 3 ft. x 1 ft. 6 in. Sub-angular. North, in-

clined to W. Whinstone. Above sea-level, 275 ft. Isolated.

.Boulder No. 2.—4 ft. x 4 ft. x 1ft. 6 in. Sub-angular. Above sea-

level, 280 ft. Isolated. •

Both rest on a thin boulder clay bn chalk.

At Carr Naze, Filey Brigg, are the following erratic blocks :

—

1. Rounded block on surface of third field from Filey Church, due
north, near cliff, 2 ft. 7 in. x 2 ft. 5 in. x j- ft. 5 in. Whinstone.

2. A similar but flatter block, lying at base of boulder clay, partially

exposed, on north side of Naze, just above Oolitic rocks, 2 ft. 11 in.

X 2 ft. 8 in. X 1 ft. 2 in. Direction E.N.E. Beautifully furrowed with ice-

marks. Whinstone.
3. A mass lying exposed on Oolitic rocks, about 50 ft. above sea-level,

evidently washed out of boulder clay above, 3 ft. 8 in. x 2 ft. x 1 ft. 4 in.

Smooth edges, flat surface. Mica trap. „

4. Small block, on ledge, fallen as above. Quartz felsfte.

5. In boulder clay on S. side of Naze. Black earthy limestone Vith
iron pyrites.

6. Fine mass of Lias, all Lower Lias fossils (Gryphroa, Mya, &c.), 1 ft.

X 1 ft. Sin. X 7 in. Washed out of boulder clay on N. side of the Naze.
7. Mass of freestone lying partially exposed half-way up N. face of

boulder clay at Carr Naze, 3 ft. 10 in. x 2 ft. 4 in. x 1 ft. Direction N,
No markings.

Dr. Carter Mitchell, Topcliffe, Thirsk, reports a boulder of Shap
granite in the parish of Cundall, on the Leckby estate, five miles from
Boroughbridge, about a quarter of a mile above ‘ Elmire Ings,’ as given
on the Ordnance Map. It is in the bed of the river Swale, close to the
Leckby bank. It is entirely out of the water when the river is very low ;

4 ft. 3 in. X 3 ft. X 2 ft. 9 in. Is more or less rounded. No striae or
groovings. Is about 50 ft. above sea-level. There is a long ridge of
gravel and sand about a quarter of a mile from where the boulder lies.

Mr. H. M. Platnauer, B.So., F.G.S. (Curator of the York Museum),
records the following erratic blocks which were obtained from the
boulder clay that was dug out when the York new station was built, and
are now placed about the grounds of the Philosophical Society of that
city :

—

1. Shap granite, irregular shape, smooth, 2 ft. 9 in. x 1 ft. 10 in. x llin.

2. Shap granite, irregular parallelepiped, rough surface, 1 ft.* 4 in.

X I ft. 4 in. X 10 in. ^

3. Shap granite, roughly ellipsoidal, smooth surface, 2 ft. 2 in.

X 1 ft. 1 in. X 1 ft. 2 in.

4. Shap granite, irregular mass, rounded but not smooth, 3 ft. 1 in.

X 2 ft. 8 in. X 1 ft. 10 in. • •

5. Shap granite, irregular oval, smooth, 2 ft. 9 in. x 1 ft. 10 in.

X I ft. 7 in.

6. Whitish limestone, flat piece, polished and striated pn one side,

3 ft. X 1 ft. 3 in. X 8 in.

7. Estuarine sandstone, rounded mass, 1 ft. 4 in. x 1 ft. 1 in. x 9 in.
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8. Dark-coloured Mountain limestone, polished and strutted, 1 ft. 5 in.

X 1 ft. 2 in. X 9 in.

9. Limestone (Oolitic, but of what horizon I cannot say), smooth,
striated on one side. 1 ft. 4 in. x 1 ft. 3 in. x 9 in.

10^ Similar to No. 9, 1 ft. 3 in. x 1 ft. 2 in. x 7 in.

11. Sandstone (probably estuarine), angular, irregular, 1 ft. 5 in.

X I ft. 2 in. X 1 ft. 1 in.

12. Grey arenaceous limestone (probably Jurassic), irregular,

smoothed on one side, 1 ft. 1 in. x 1ft. 3 in. x 10 in.

13. Similar to No. 12, smooth ou one side, 1 ft. 8 in. xl ft. 4 in.

Xlft. lin.
. ^

•

’

14. Light coloured limestone, smooth, egg-shaped, striated, 2 ft.

X 1 ft. 2 in. X 1 ft. 6 in.

15. Lithostrotion, small, polished, and rounded mass, 1 ft. x 9 in. x 7 in.

16. Greenish-grey trap, probably a hornblende-andesite. An ir-

regular quadrate mass, trapezoidal in section at one direction
;
the faces at

an obtuse angle are polished and somewhat striated, 2 ft. 6 in. x 2 ft.

X 1 ft. 4 in.

The Jlev. Thomas Parkinson, Vicar of North Otterington, Dear
Northallerton, seports as follows ;

—

In the centre of the village of Thornton-le-Beans, near Northallerton,

at roe left or north side of the street going eastwards, parish of North
Otterington, is a block of Shap granite. Length, 3 ft. 10 in. E. and W.
Breadth, 3' 2" N. and S. Above ground 2ft. 4 in., and probably about the
same in the ground. Rounded. Uncertain whether it has been moved
or not. Longest axis E. and No strim or groovings. Isolated. Rests
on clay.

*In the township of Thornton-le-Moor, parish of North Otterington,

are three boulders.

1. In an open field, near a well named ‘ Stockeld's Well.^ About 4 ft.

6 in. X 2 ft. 8 in. X 2 ft. 8 in. Somewhat wedge-shaped. Rounded. Ofl-Dnot

say whether it has been moved or not. Longest axis N. and S. (nearly).

Granite, ice-worn. Isolated. Rests on clay.

2. In a lane called ‘ Endecon,* about 300 yards from south -end of

village of Thornton-le-Moor, 3 ft. 2 in. x2 ft. x2 ft. Was considerably

broken a few years ago. Has been moved. Coarse dolerite. Isolated.

Rests on clay.

3. On the roadside, near farmhouse called Hill Top or Thief Hole
Farm, 3 ft. 8 in. x 2 ft. 9 in. x 2 ft. 9 in., all above ground. Rounded a
little, angular in some parts. Has been moved—taken out when foundation

was dug of an adjacent building. Close grained trap or highly altered

fine ash. Isolated. Rests on clay. *

111 township of North Otterington, on Otterington Farm, in field near

th^entrance gate from Northallerton road, and about 300 yards on the

Toih from North Otterington Church ;
4 ft. x by 2 ft. 11 in. Height

above ground, one side, 1 ft. 6 in.; the other, 3 to 4 in. Somewhat
Wedge-shaped. Angles all rounded. Has been moved. There are four

ruts imnning longitudinally on the top and in the direction nf longest

axis. - Granite. Rests on gravel.

Mr. Robert Mortimer, of Firaber, reports that at Ybulthorpe, between

Bishop WStton and Stamford Bridge, is a large isolated boulder of pui®

White vtery quartzose sandstone. Had not been moved by man until

recently, when it was carted into the farmyard of Mr. Hawkins. Is now
used as a mountincr block. 3 ft. 9 in. X 2 ft. 9 in, X 2 ft. 10 in. .
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Toultliorpejis on the Keuper matl, and far from the foot of the
chalk escarpment of the Wolds.

The Rev. R. A. Snmmerfield, Vicar of North Stainley, reports that in

the parish of North Stainley, near the hamlet of North Iieys, and about

100 yards from the * Smithy * (so marked on the 6 in.*Ordnance Map), on
the west side of the road to North Stainley, is a block of Carboniferous
grit, 3 ft. 3 in. x 2 ft. 5 in. x 1 ft. 7 in. Snb-angular. It has been moved
from the adjoining field to the place it now occupies about twenty years ago,

being a hindrance to ploughing, &c.* About 170 ft. above sea-level., ‘Con-

nected probably with a long gravel fidge which abuts on the river bank
and underlies all the ppifishj, in which are a large quantity of scratched,

grooved, and polished blocks, varying jfhueh in size. One block, 5 ft.

X 3 ft. X 1 ft. 3 in., is a mass of large Pro^cti.
The Rev. Arthur Watts, F.G.S., Vice-Principal of Bede College,

Durham, reports that there is a block of encrinital Carboniferous lime-

stone in the grounds of R. L. Hawthorne, Esq., Hawthorne Tower, Sea-
ham Harbour, on north side of Hawthorne Drive and west of the tower.

Was removed from an adjacent field when draining to its present
position, 6 ft. 10 in. x 3 ft. 8 in. x 1 ft. 3 in. Weight, 1 ton 18*7»9 cwt.

Snb-angular. It originally pointed by its long axis 20° of N., 42° B.
of N . true bearing. There are seven grooves across the stone, five perfect,

two imperfect. There are two sets of strias : the one set of six are milrly
obliterated by the other, numbering about seventy. The smaller group of
striae are nearly in the^line of the longest axis

;
the larger group make an

angle of about 60° with the long side. »

The nearest similar rock known in situ is 25 miles due west at

Frosterley.

The boulder has no popular name or legend. Is about 80 ft. alxive

sea-level. It was discovered in March 1879, and is not indicated on any
map. It formed part of a mass of clay, sand, gravel, and boulders that
is seen in a coast section to be in a hollow in the magnesian limestone,

about 100 yards wide and 60 ft. or more deep.
Mr. Wm. Gregson, Baldersby, Thirsk, reports upon two boulders in

the Priory Grounds, Guisborough, both resting on the Lower Lias.

Boulder No. 1 ; 4 ft. x 3 ft. 6 in. x 1 ft. 3 in. Sub-angular. No groov^
ings or striations. Grey granite 300 ft. above the sea. • Isolated.

Resting on Lower Lias :

Boulder No. 2 : 3 ft. 6 in. x 3 ft. 2 in. x 1 ft. Snb-angular. No groov-
ings or striations. Grey granite. 300 ft. above the sea. Isolated. Rest-
ing on Lower Lias.

Dr. W. 'T. Veitch, Middlesbro*, records a Shap-foll granite boulder
at Saltburn 30 feet from |he top of the road leading up from the beach,
almost opposite the Zetland Hotel ; 3 ft. 8 in. high, 14 ft. in cincum-
ference ; is entirely out of ground on one side

;
rounded ;

has no long
axis, no groovings or striations

; has no popular name and is without a
legend

;
about 150 feet above sea-level

;
is not indicated upon any map.

It rests upon Middle Glacial drift.

Mr. C. Brownridge, F.G.S., Leeds, reports on two boulders on the
west front of Lindholme.Hall, which is about four miles to the S.E. of
Hatfield. The hall is upon slightly elevated ground in the centre of

Hatfield Chase, a wide extent of bog. The deposits in the vicjnity of the
ball consist of gravel and sand resting upon Triassic sandstone. The
boulders extracted from the gravel include magnesian limestone, Oar-
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boniferous sandstones of Various kinds, gannister and tnillstone grit,

porphyries and basalts, qnartzito, vein quartz, black flints, chert, <&c.

Boulder No. 1.— 1 ft. 10 in. xlft. 9 in. xl ft. 8 in.
; longest axis N.E.

to S.W. ;
Bub-angujp,r

;
Hallefliota, not unlike some Lake Country rooks

in character; no groovings or striatibns observed.
' Boulder No. 2.—2 ft. 11 in. x 2 ft. OJ in. x 1 ft. 7 in.

;
longest axis N.E.

to S.W. ;
rounded

; a coarse grit, almost a conglomerate, with largo
quartz pebbles

;
no groovings or striations observed.

JS. mythical personage, half giai^,* half hermit, known as Willianl of
Lindholme, is said to have lived at Llndholme ^nd to have brought the
above stones, known traditionally as the ‘ Thumb Stone * and the ‘ Little

Finger Stone,’ to their present position.

Mr. J. W. Davis, F.G.S^f Hon. Sec. Yorkshire Geological and
Polytechnic Society, furnishes the following note on the groups of
boulders at Horber, near Olapham :

—

All Sizes up to IG to 20 feet in- diameter
;
angular

;
slight striations

;

under surface rarely striated. Rock identical with that of the boulders
is found in the valley to the north at various spots, varying from a mile
to a nril» and a half from the place where the boulders are most thickly

congregated. ^They are composed of Silurian grit and rest on mountain
limestone ; 800 to 1,250 feet above the sea ;

area covered is three-fourths

of a mile square
;
several hundreds in number

;
all exposed on the surface.

In many instances the masses of Silurian grit have protected the lime-

stone immediately beneath, whilst the surrounding surface has been
removed, and they now stand on pedestals of limestone, 12 to 18 inches
ill height. «

* References to the Norber Blocks,

Phillips, ‘Trans. Geol. Soc.,’ vol. iii. p. 13; ‘Rivers, Mountains, and Sea Coast of

Yorks.,’ p. 111.

Hughes, ‘ Proceeds. Yorks. Geol. and Polytech. Soc.’ (1867), vol. iv. p. 674 ;
‘ Quar.

Journ. Geol. Soc.’ (1886), xlii. 627.

Tiddeman, ‘ Quar. Journ. Geol. Soc.’ (1872), vol. xxxviii. p. 477.

Davis, ‘Proceeds. Yorks. Geol. and Polytech. Soc.,’ vol. vii. p. 266.

Davis and Lees, ‘West Yorkshire,’ pp. 200, 201, 267.

Adamson, ‘Trans. Leeds Geol. Assoc.,’ Part I. (1886), pp. 32-34.

Mr. W. Hodgson Gill, of Stourton, reports the following boulders :

—

At Filey, Yorkshire, on the beach behind the wooden piles at the base

of clifT, near Ravine Villas, 3 ft. 3 in. x 2 ft. 2 in. x 2 ft. 2 in. ; is rounded ;

no groovings or striations
;
Sbap-fell granite ;

it rests on boulder clay.

At Hunmanby, at the end of the road leading to the beach, 3 ft. 7 in.

X 2 ft. 3 in. X 2 ft. Sin.
;
is sub-angular

;
no groovings or striations

;
Shap-

fell ^‘ranite ;
it rests on boulder clay.

Filey, on the beach between Primrose Valley and Hunman^jy
R^

;
4 ft. 1 in. X 2 ft. 9 in. x 2 ft. 1 in. ;

angular
;
no groovings or

striations
;
calcareous sandstone with nodules and pebbles ; it rests on

boulder clay. »

Mt. Samuel Chadwick, Cur&tdr of the Maiton Museum, sends the

following reports :

—

In the parish of Cropton, four miles from Pickering, North Riding,

and in a grass-field belonging to Mr. James Dixon, Loand House &rm,
3

'ft. 4 X 2 ft. 5 in. X 1 ft. 10 in. out of ground. Rounded. Its longest

axis is nearly B. and W. Sandstone, approaching quartzite ; not unlike
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some of tbe T^redale sandstones of the Yorkshire afties. JNo striations.

Rests on fine loamy soil, about 200 ft. above the sea.

On the farm occupied by Mr. Grundon (estate of J. R. Grimston,
Esq.), Neswick, S W. of Driffield. At present 4 ft. x 2 ft. 6 in. x 1 ft. 3 in.,

but Some portion has been broken away. Sub-angu!ar. Not moved by
man. Is long.shaped. Longest axis B. and W. Whinstone, 250 ft,

above the sea. Isolated. Boulder clay, resting upon chalk.

Grosmont, near Whitby, on the estate of Messrs. Bagnall, Grosmont
Iron Works, 2 ft. 3 in. x 1 ft. 10 in. x 2 ft. Well rounded. Has* been
moved. No striso or groovings. Sh^p.fell granite. About 100 ft. above
the sea. Was originally fo^ind in the bed of the river Esk, which is

300 3rards E. of the railway station, and the boulder was found about

50 yards to the N. of the first railway bridge crossing the stream. The
boulder rests upon the alum shales of the Lias, through which the river

Esk cuts its way.
In Sleights parish, near Whitby

; on the Sleights Hall estate, about
300 yards W. of Sleights railway station, and on the E. side of the river

Esk, 2 ft. xl ft. 6 in. xl ft. 6 in. out of ground. Sub-angular. Rather
long-shaped, but has been moved. No strioa or groovings. , Granite.

100 ft. above the sea. Was originally in a small be<i of gravel, cut
through at the making of the railway. On gravel resting upon the Lias
alum shale.

In a grass field three-quarters of a mile due E. from Kirkby Under-
dale and half a mile S. of Uncleby are two boulders. One is 5 ft.

X 3 ft. 6 in. X 1 ft. 3 in.
;
angular

;
longest axis N. and S. The other is 6 ft.

3 in. X 3 ft. X 2 ft. 6 in. above ground
; sub-angular

;
longest axis direct

N. and S. These are both composed of ferruginous Oolitic limestone
(Inferior Oolite), resting upon the red chalk. No strim or groovings are
visible upon exposed surfaces. Are about 300 ft. above sea-level.

Speeton, near Filey. On Mr. Wilson’s farm, in a field, and going
from the high road to the house, is a boulder, 2 ft. 9in. x 2 ft. 9 in. x 2 ft.

Nearly a square angular block. Whinstone. About 350 ft. above sea-

level. Is isolated. Rests on boulder clay.

In a field near the mill belonging to Mr. Plows is a boulder, 3 ft. 7 in.

xl ft. 3 in. xl ft. 3 in. Oblong; rounded at each end. No stri® or
groovings observed. Whinstone. About 350 ft. above sea-level. Rests
on boulder clay, with chalk underlying.

At the corner of Mr. Wilson’s garden' are three boulders. No. 1

—

1 ft. 6 in. X 1 ft. 6 in. X 1 ft.
; angular. No. 2—3 ft. X 1 ft. 6 in. x 1 ft.

;

rounder. No. 3—3 ft. x2 ft. x2 ft.; sub-angular. No stri® or groovings
observed. All are whinstone. About 350 ft. above sea-level. Rests on
boulder clay, with chalk underlying.

In the village road leading from the high road are twenty4hree
boulders, the three largest being of the following dimensions : No.
2 ft. X 1 ft. 2 in. X 1 ft. 2 in. No. 2—1 ft. 6 in. x 1 ft. x 1 ft. No. 3

—

1 ft. 2 in. X 1 ft. 2 in. X 1 ft. Irregularly shaped and angular. The
majority are whinstone, the remainder fine sandstone. About 350 ft.

above sea-level. t «

Note.—In various parts of the village whinstone boulders may be
found, some rounded, others angular. The average size about 1 ft. 3 in.

X 1 ft. Many of them have been moved and are now used for^ support of
stacks and other purposes.

On a farm known as ‘ Airy Hill,’ occupied by Mr. Woodcock, about
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one mile E. of Hanmanlw and two and a half mileg. S. of Filey,

2 ft. 4 in. x2 ft, 2 in. x 5 in.*^ A square angular block. Has been moved.
No groovings or striao. A bard sandstone very like Kellaway’s rock,

150 ft. above sea-level. Was found on the top of a knoll which is com-
posed principally ofboulder clay.

On* the same farm are several boulders, in front of the house, which
have been' collected from adjacent fields. Five are composed of whinstone,
varying in size from 2 ft. 10 in. x 1 ft. 10 in. x 1 ft. 4 in. to 1 ft. 6 in.

X 1 ft. 6 in. X 1 ft. There are also throe of Shap granite and one of grey
granite, the largest being 2 ft. 3 in. x 2 f./. 2 in. x 11 in. They are rounded
to sub-angular. The surface in this district undulates and any sections

are through boulder clay.

On the Glenton farm, on W, side of road leading from Reighton to

Filey, are two boulders, 1 ft. ? in. x 1 It. 7 in. x 1 ft.
;
grey granite

;

rounded, 3 ft. X 2 ft. 10 in. x 2 ft. ; mountain limestone
; rounded. No

striae or groovings. Have doubtless been taken from an adjacent ridge of
gravel, which runs nearly N. and S.

On Colonel Mitford’s estate, and on a farm occupied by Mr. Hornby,
a mile ancj. a half B. of Hunmanby and three and a half miles S. of Filey,

are two bouldei^s, 1 ft. 3^ in. x 1 ft. x 9 in.
;
1 ft. 10 in. x 1 ft. 5 in. x 7 in.

Both are hard,^ fine-grained sandstone, and have been removed from
adjacent land. They originally rested upon the top of a bank close to

the cliff. All the above are from 150 ft. to 200 ft. above sea-level.

On the Graffitoe farm, about 100 yards E. of farmstead, two miles E. of

Hunmanby, andjbhree miles S. of Filey, are two boulders. No. 1—2 ft. 2 in.

X 1 ft. 11 in. X 1 ft. 4 in. Sub-angular. Has been moved, but formerly

rested upon boulder clay intet mixed with gravel. No strice or groovings.
" Red sandstone. No. 2—4 ft. 1 in. x 3 ft. 2 in. x2 ft. Oblong and sub-

angular. Has been moved, but when found its longest axis was direct

N. and S. No strim. Grey granite. Formerly rested on same bed as

preceding boulder.

At the base of a cutting on the North-Eastern Railway, about a mile

S. of Filey Railway Station, 3 ft. 6 in. x2 ft. 11 in., and projects above
the ground about 1 ft. 6 in. Oblong and sub-angular. Has not been
moved. Longest axis N. to S. No striae or groovings. Dark blue

whinstone, 150 ft. above sea-level. Is about midway in the centre of a
ridge of boulder clay, sand, and gravel.

On the property of Mr. Gullan, Reighton, near Filey, and on the south

side of St. Helen’s Road (2^ miles from Hunmanby E. and 4^ miles S.

from Filey), are two boulders : 2 ft. 2 in. x 1 ft. 7 in. x 1 ft. 6 in.

;

1 ft. 9 in. X 1 ft. 6 in. x 10 in. Both are sub-angular and are dark blue

whinstone. They were taken from a ridge of gravel and boulder clay

closeA>y, about 150 ft. above sea-level. No striro or groovings.

. Qn Mr. Crow’s Manor farm, about 100 yards W. of Reighton village,

dr<^ ttTO Hboulders : 2 ft. 4 in. x 1 ft. 7 in. x 1 ft. 2 in.
;
1 ft. 10 in.

xl ft. 2 in. xl ft. Both are oblong and sub-angular, and are dark blue

whinstone. They were both taken from a field close by and were

exposed on the surface. No striafii.or groovings. Are about the same
level as preceding blocks.

At the entrance to Reighton village are four boulders : 3 ft. 5 in.

X 1 fMO in, X 1 ft. ;
2 ft. 3 in. X 1 ft. 11 in. x 1 ft. 4 in. ; 3 ft. 5 in.

X I ft. i in. X 11 in. ; 2 ft.^S in. X 1 fts 4 in. x 9 in. All are oblong and
sub-angalar, and are dark blue whinstone. Have no strim or groovings.
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Have been ii present position beyond men::(bry, but there is little doubt
have been originally upon surface of adjoining fields and removed for

agriculture, but could not be broken for repairing of roads. *

At Gaytorif near Scarhro*.—On Dr. Taylor^s estate and in the farm-
yard of Mr. N. Smith, on the west side of the Village; 2 ft. 8 in.

X 1 ft. 9 in. X 1 ft. 2 in. Angular. Has been moved. No slri© or
groovings. Whinstone. It is now used as a mounting block

;
150 ft.

above sea-level. It rests upon drift composed of gravel, sand, and
clay. * •

On Mr. Hodgson’s estate. It is close to Mr. Smith’s blacksmith’s
shop, and used for a seat ;

.also for a mounting stone
;
2 ft. x 1 ft. 8 in.

X 1 ft. 3 in. Sub-angular. Has been moved. No stri© or groovings.
Whinstone

;
200 feet above sea-level. It rests now upon surface soil.

On Mr. Stead’s estate. It now forms the foniidation-stone at the
south corner of an old house inhabited by W. Fowler, shoemaker, on the
side of the village main street; 1 ft. 9 in. x 1 ft. 6 in. x 1 ft. 3 in. Flat
angular block. Has been moved. No stri© or groovings

; 150 ft. above
sea-level. Whinstone.

Is about 100 yards E. of the railway station
; at the N. side of the

road, close to the gate, leading into the valley field occupied by Mr. N.
Smith; 2 ft. 2 in. X 1 ft. 8 in. x 1 ft. Sub-angular. Prbbably has been
moved. No stri© or groovings. Whinstone; 150 ft. above sea-level.

Rests on surface soil.

In the foundations of an old cottage, belonging to Mr. Stephenson,
on the E. side of the street. This cottage is about 250 yards N. of the
church

;
2 ft. 7 in. X 1 ft. X 1 ft. 2 in. Rounded and oblong. Has been

moved. No stri© or groovings exposed. Coarsely grained dolerite

;

150 ft. above sea-level. Rests on surface soil.

^ On Mrs. Wilson’s estate
;
in the centre of the village on the W. side

of the Scarbro’ and Filey road
;
2 ft. 5 in. x 1 ft. 10 in. x 1 ft. 3 in.

Rounded. Has been moved. No stri© or groovings. Dolerite. 200 ft.

above sea-level.

Note.—The possession of this bouldep is at present in dispute. It ori-

ginally was in the foundation of some very old thatched cottages, and
when the new property was built some years ago a large block of
sandstone was given in exchange, and now that the sandstone is a
fixture they dispute the other being taken away.

'

On Dr. Layton’s estate, Cayton Carr, about a mile and a half W. of

Cayton village. It was taken out of a ridge of gravel that runs through
the centre of a field, called the Six Acre Strip, in the occupation of Mr.
Smith. Its present position is close to the gate entering the field in
which it was found; 2 ft. 4 in. x 1 ft. 7 in. x 9 in. Sub-angular. No
stri© or groovings. Whinstone; 250 ft. above sea-level. ®

NoTE.-^In a heap close by are several smaller boulders taken oat of
the same field, comprising grey granite, red granite, mountain limestone,

whinstone, and sandstone.

Is at the S. comer of a wall surrounding the engine-house of the
Scarbro’ Waterworks Company, about one mile E. of the village of
Cayton

;
2 ft. x T ft. 8 in. x 1. ft. S^in. Rounded. Long-shaped. No

stri© or groovings. Mountain limestone.

Note.—It was brought from the beach below to strengthen the corner
of the wall.

'

In a by-road leading from Cayton to Scarbro’ is a large number qf
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boulders of which upwar4,i of thirty will average 1 ft. (t in. x9 in. and
oyer seventy others are over a foot in diameter. The larger ones are
s^b«angular ;

the smaller ones rounded. All have no doubt been con.
veyed from adjacent fields. No strise or groovings are to be seen on
exposed surfaces. I'hey are different kinds of sandstone. They are about
160 ft. above sea-level.

On Miss Craven’s estate^ in the village of Cayton, about 300 yards N.
of the church, and on the main road to Scarbro’, is a group of nine
boulders, four of which are whiiistoue, and upon an average 1 ft. 11 in.

X 1 ft. ;
the other five are sandstone and average 1 ft. 8 ft x 1 ft. 2 in.

The whinstones are mostly sub-angular; the sandstones angular.

There are no striae or groovings exposed. They are about 150 ft.

above sea-level. Some of them are entirely exposed, the rest being
partially covered with other stones and soil.

On Miss Craven’s estate in the village of Cayton, and about 250 yards
. N. of the church, in a by-road called North Lane, are a number of
boulders, the seven largest of which I have noted as follows :—No. I—
1 ft. 11 in. xl ft. 4 in. xl ft.

;
red sandstone ; angular. No. 2—2 ft. 6 in.

X 1 ft. *^2 in. X 1 ft.
;
whinstone

;
angular. No. 3—1 ft. 10 in. x 1 ft. 4 in.

X 1 ft. 3 in. ; whinstone; rounded. No. 4— 1 ft. 5 in. x 1 ft. 3 in. x 1 ft.

;

hard, grey sandstone; sub-angular. No. 5—1 ft. 6 in. x- 1 ft. x 9 in.;

whinstone ;
rounded. No. 6—1 ft. 4 in. x 9 in. x 7 in.

; mottled granite

;

sub-angular. No. 7—2 ft. 4 in. x 1 ft. 2 in. x 6 in.
;
whinstone

; angular.

I could not observe any stria) or groovings. The rising ground is prin-

cipally composed of drift, gravel, sand, and clay, whilst the hollows are

filie(h.with deep peat bogs.

Note.—

T

he great bulk of the boulders in this district are com-
posed of sandstone and whinstone; of these thousands have been broken
up aud used to mend the roads from time unknown. There is no doub||
about the roads having received their supply of - metal from this source*

Those left behind (as above) are those which could not be broken up,,

or which have been taken out of the land at a recent date.

Lebherston^ near 8carhro\—Pn Mr. Wardell’s estate, in a grass-field

at the B. end of tho village, and about 100 yards W. of the Scarbro^
and Filey road, 4 ft. 8 in. x2 ft. 5 in. x2 ft. 7 in., but evidently one-half

of it is embedded
;
sub-angular. Longest axis N.W. to S.B.

;
should think

ift has not been moved. There are remains of several groovings, which
are much worn, and there are also strim on tho side of the block, in the

direction of tho longest axis. Whinstone. Is 200 feet above sea-level. Is

near tho top of a ridge of gravel drift.

On Mr. Jackson’s estate, at the E. end of the village, near a yard door
on the W. side of the road, 2 ft. 3 in x 1 ft. 9 in. x 2 ft. 3 iu. Angular,
and ilF used as a stepping or mounting stone. Has been moved, but ia

know to have been in its present position for more thftn a century. No
striae^^r groovings. Whinstone. 200 ft. above sea-level. No doubt has
been obtained from gravel drift in vicinity, but now rests on the surface

soil.

On Mr. H. Watson’s estate. Is •in a grass-field, about a quarter mile

N-. of the Gristhorpe Railway Station, Hull and Scarbro’ branch,

4 it. 2J in. X 2 ft. 5 in. x 3 ft. 6 in., and partially embedded. Sub-

iwgular, flat^on one surface. Long-shaped ;
its bearing^ N. and S. There

appear to be some striro, which have become very faint from exposure,

but the stone being grown over with lichen, they are difficult to determine.

1888. I
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upon the nn(?>er side, however, is a well-defi|[ied groove about 1 ft. long.

Whinstone. The popular tradition is, that it was thrown by his Satanic

Majesty at one of his satellites for staying out too long. An old fanner
avers he found it one morning, but the previous evening it was not there.

200 ft. above sea-level. Bests on boulder clay.
*

On Mr. Welburn*s estate, and upon a farm in the village occupied by
Mr. R. Brown, are two boulders, 150 ft. above sea-level. Dimensions of

No. 1 boulder : 3 ft. 2 in. x 1 ft. 10 in. x 1 ft. 2 in. Sub-angular. Has
been moved. Whinstone. Dimensions of No. 2 boulder : 3 ft. 2 in. X 2 ft.

X 1 ft. 8 in. Angular. Has be^n moved. Whinstone. Both have
evidently been foi;)^d in the land. No. 2 was dug out of the garden in

front of the house close to the street, and*moved to its present position.

Lebberston village is situated on a ridge,of gravel.

In Leys Lane, at the entrance to the village of Lebberston, on the

N. side of the lane and W. end of village, is a group of boulders.

No. 1—2 ft. 7 in. X 1 ft. 6 in. x 9 in., and No. 2—2 ft. 3 in. x 1 ft. 3 in.

xlOin.; whinstone; sub-angular. No. 3—2 ft. 1 in. x2 ft.l in. xl ft. 2 in.

;

coarsely grained dolerite
;
rounded. No. 4—2 ft. 4 in. x 1 ft. X 9 in., and

No. 5—2 ft. 1 in. X 1 ft. 6 in. x 1 ft. ;
sandstone

;
sub-angulajr. . There

are no strias or groovings upon then!. They are about ipO ft. above sea-

level ;
are all close together and exposed on the surface. •

There is a boulder in the North-Eastern Railway cutting, about one
mile N. of Filey, in the direction of Gristhorpe, 2 ft. 10 in. x 2 ft. 3 in.

X I ft. i in. Rounded
;
pear-shaped. Has been moved

;
is now at the

base of the cutting laid across a gutter or waterway. No striss or
groovings. Dark blue whinstone. 200 ^ft. above sea-level. Wasr con-

nected with a long ridge of gravel, sand, and clay, which was cut through
when making the line.

There is a boulder in the North-Eastern Railway cutting about 200
yards N. of Gristhorpe Station, and on the east bank of the cutting. It

is in the parish of Gristhorpe, near Scarbro’, 2 ft. x 1 ft. 10 in. X 1 ft.

Angular, almost square
;
longest axis N. and S. Has not been moved.

No groovings or strias can be seen, but it is now almost covered with
soil which has fallen from above. It is a light-coloured sandstone*, like

the moor grit near Scarbro’
;
200 ft. above sea-level. It is in a bank

of rough gravel, clay, and sand.

In the parish of Seamer, near Scarbro’ (N. Riding), about three
miles S.S.W. of Scarbro’ and about two miles S.E. of Seamer village, and
close to Seamer Junction, North-Eastern Railway, on the estate of Lord
Londesborough, is a group of boulders. No. I—1 ft. x 9 in. X 6 in.

; red
granite. No. 2—2 ft. 6 in. x I ft. 10 in. x 1 ft. 4 in. ; Shap granite. No. 3

—

1 ft. X 1 ft. X 9 in.
;
Shap granite. No. 4—Ift. 6 in. x 1 ft. X 9 in.

;
Shap

granite. No. 5—1 ft. 2 in. x 1 ft. x 8 in.
;
Shap granite. No. 6—1 ft. 8 in.

X 1 ft. 6 in. X 9 i«. ;
Shap granite. No. 7—1 ft. 6 in. x 1 ft. 2 in. x 8 in.

;

mica schist. No. 8—1 ft. 6 in. x 1 ft. 6 in. x 1 ft. 6 in.
;
red granite. All

are rounded. They have been moved, but were obtained from the Seamer
gravel drift. No striae or groovings are visible. About 200 ft. The
gravel drift of Seamer overlies the Coralline Oolite.

The Committee have heen favoured by the Rev. A. W. Rowe, of Fehtead,
with the following Report vpon boulders in N.W, Essex.

The boulders mentioned in the accompanying list are all lying within
the limits of a small district in the N.W. of Essex : a few only have bef

n
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specified 'which are less in 12 inches in length, thdagh there are an
immense number which fail only a little short of that limit, especially

bqnlders of igueons rocks : bat even with the omission of these the list

is not by any means an exhaustive one, as some portions of the district

have scarcely been Examined. They have been found within six miles of
the vfllage of Felstead, which will be found marked on the Ordnance
Map nearly mid-way between Braintree on the east, Bunmow on the
west. Little Baling on the north, and Great Waltham on the south. The
geneial character of the district is that of a tableland, ranging from 200
to 250 feet above sea-level, intersected by small valleys cut out chiefly by
local streams. The superficial deposits are chalky boulder clay and beds
of glacial gravel : these gravel beds really underlie the chalky boulder
clay, as could be well seen in the railway cutting j mile west of
Bunmow Station before it was overgrown, but owing to the extensive
denudation of the clay the beds of gravel are frequently found at the
surface on the high ground. London clay underlies all these superficial

^ deposits, and in several valleys, notably that of the Chelnier, the streams
have cut their wAy down to it

;
nearly all the larger boulders have been

found on the high ground. Some of these seem to require special

mention. Of the sandstone boulders three measure respectively

77 X 36 X 20 in. and 64 x 63 X 14 in. and 61 X 34 x 17 in., this last having
a circumference of 158 inches, and nine others exceed 40 inches in

length, including the conglomerates : nearly all appear to be unfos-

eiliferous, but in one, which in texture and general appearance may
be considered ohs^racteristic of the greater number, I found some small

fragments of Crinpid stems and some casts of portions of Aviculopecten

:

in another rounded boulder of about 12 in. in diameter I found some
very well defined casts of Productus (P. semireticulatus, P. Martini,

P. orthoceras, P. hemisphericus), Streptorhynchus crenistria, Euom-
phalus pentangulatus, Belleroplion, showing that the boulder was mill-

stone grit
;
and Mr. H. Keeping, who also examined the casls, tells me

that it agrees very well with the beds of buflf sandstone near Oswestry.
In two other large boulders, which I have described in a previous paper
(‘Q. J. G. S.* August 1887, p. 360) as being masses of a greyish yellow
sandstone permeated with a thin film of calcite, giving them a peculiar

glazed appearance wherever fractured, I found fragments of Pecten
orbicularis. Mr. Whitaker informed me that a great number of boulders

of this rock are found in the boulder clay in Norfolk, and Mr. Keeping
identified it as being of the same character as that which occurs in the

Spilsby beds in Lincolnshire. Another very large boulder of a buff
:4«Coloursd sandstone, fine-grained but not very compact, w'as dug out of

the bottom of a pond a few weeks ago: it contains Belemnites in

"^abundance, some of a large size. Among numerous boulders of Hert-
fordshire pudding-stone there ' are two which measure respectively

62 >12^ X 16 in. and 52 x 43 in., this latter being so completely buried

in tiie ground that its thickness could not be ascertained. The lime-

stonejboulders are fragments of Carboniferous, Jurassic, and Cretaceous

rocks. The Carboniferous are alnaost without exception so exceedingly

fine that scarcely any fossil shells can be detected in them without the
aid of the microscope, the one exception being a boulder lately dug up at

Booking PlfU)e almost entirely composed of shells of Productus giganteus.

Of the Jciraasic rocks two boulders of Kimmeridge clay, taken out of

the chalky boulder clay iii the catting near Bunmow, were wonderfully
^

1
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striated withe deep grooves of almost parallel slriss on two sides, and
many of the boulders of clunch and hard chalk are also clearly striated,

but the direction of the striae is very irregular. Among the whitened
flints also there are some exceedingly good examples of cross-striation.

Striee are not often to be seen on the hard sandstdhes and the igneous
boulders, though there are a few good examples of it

;
but most 6f these

boulders are quite smoothed and some are highly polished. Of the

igneous rocks some are so much weathered that the outer surface comes
off in successive coats, like a thick-coated onion, whereas others, and
especially the larger boulders, are perfectly unweathered and have a very
dark almost black polisKed surface, so hard and rounded that it is often

exceedingly diflBcult to get a hand specimen. They consist mainly of
fine-grained dolerites and microcrystallirie basalts, with a fair sprinkling

of quartz-porphyrites, mostly containing tourmaline, felspar-porphyrites,

and hornblende schists and gneiss. Amid the almost complete absence of
boulders, or even pebbles, of granite or syenite, one boulder which I have
lately found is remarkable : it is a large boulder of a pinkish grey syenite,

of very distinct rather coarse texture and containing abundant orthoclase,

not much quartz, not a great amount of hornblende, and a little biotite.

Dr. A. Geikie has seen a hand specimen and microscopic section of it,

and he informs me that he cannot identify it with any British rock
known to him, and that Dr. Hatch cannot find any specimen at the
Jermyn Street Museum really like it. I have also been informed by Dr.
Crosskey that nothing like it has been found among the erratics in the
Midlands, though a considerable number of boulders of syenite have been
found there. 1 have sent a hand specimen to Christiauia to see if it can
be identified there. In a gravel j)it on ^lie high ground near Felstead I
dug out a remarkable boulder of quartz and tourmaline, almost round and
highly polished and striped with parallel bands of black and yellow, and
among the specimens of erratics in the Midlands which Dr. Crosskey has
collected I found one that w'as identical with it. Of the boulders of
dolerite it is somewhat remarkable that, although smaller boulders occur
in all directions, yet all the larger boulders which I have at present
found lie north of the old Roman road which runs through Braintree
and Dunmow

;
as many as six large boulders are lying within a com-

paratively small area, one of these being distinctly columnar in form and
one being very clearly striated. As regards the dolerites generally I
have already stated (‘ Q. J. G. S.^ August 1887, p. .356) that some of them
are strikingly similar in specific gravity, in general appearance, and in
some remarkable microscopic points with some specimens of dolerites

sent me from Sweden, and that others are almost identical with the rocks
of the Whin Sill in the north of England, though these also might well
be Scandinavian boulders, as I understand that the Hunneberg* rocks
have been shown to bo of the Whin Sill type. But one of the ^ost
remarkable of the boulders which I have as yet found was exposed in

digging the foundations of a new house at Becking. Place, Braintree
(Mr. S. Courtauld) : it was found at a depth of eight feet from the
surface and measures 22x18x11 in.*; it is rounded and smoothed^
roughly triangular in shape, and has two more or less flat surfaces : both
of these surfaces are very distinctly grooved with irregular striae. I sent
a hand specimen and a miscroscopic section to Professor i^onney, who
kindly examined both and wrote as follows :

^ The rock is a curious one
and must have come a long distance. ... So far a^ I can venture to
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prononnce, the aspect of slide reminds me rather 6f a modified
crystalline rook than a partially crystallised sedimentary rock. It is

therefore now a kind of gneiss—what I should call a pressure-gneiss

—

resulting from the modification of a crystalline rock which may have
been a^qnartziferous mica-diorite. The fragmental aspect I attribute to

the result of pressure which has acted on a crystalline rock, and has been
followed by a certain amount of mineral change in the constituents

;
of

course an hrhose of the right constituents might give a similar appear-
ance, but though the enlargement of.fragments in situ is not unknown, it

is not common and generally occurs (except in the case of quartz) in

very ancient rocks only. The boulder must have had a long journey, for

such a rock could not be found in situ nearer than the Scotch Highlands
or Scandinavia.*

Boulders in Essex, N.W.

District on the Ordnance Map, Little Saling, 'N . ;
Great W altham, S.

;

Braintree, E.
;
Dunmow,

j
centre of district, Felstead

j
radius, from

five to six miles.
A

Parish, Great Soling, 4 miles N.E.

1. In Village Street—Boulder of dolerite, 33x29x18 in.; roughly
conical in shape

;
rounded and polished ; no strim visible

;
olivine-dolerite.

2. In Newbister Lane—Three smaller boulders of dolerite, less than
12 in. in diameter

;
one olivine dolerite, the others plagioclase-augite rock.

Parish, Little Saling, 5 miles ?S -N.E.

1. By the church wall—Boulder of calcareous sandstone, 61 X 34 x 17 in.

;

circumference, 168 in.
;
pudding-shaped ;

rather soft loose texture
;
dark

grey colour ; fine-grained, with fragments of shells.

2. At farm near the church—Boulder of sandstone, 45 x 35 x 24 in.

;

oblong; slightly striated; rather soft; fine-grained; buff-coloured;

containing many Belemnites
;
quite lately dug out of the bottom of a

pond; Kellaways rock (?). Boulder of dolerite, 37 x30 xl8 in.; roughly
triangular

;
distinctly striated on two surfaces with parallel stri®

;
rest

polished
;
olivine-dolerite.

3. At Woolpits Farm—Boulder of dolerite, 39 x 38 x 19 in.
;
nearly

square
;
distinctly striated and polished

;
dug out of a ditch on the farm ;

plagioclase and augite
;
no olivine.

Parish, Stehhing, 3 miles N.

1. At Mount Farm—Boulder of sandstone, 64 x 63 x 14 in.
;
flat, sub-

afigular ;
fine-grained

;
white colour

;
lately dug up on the farm.

BouldSrof sandstone, 22 x20 xl2 in.
;
sub-angular; fossiliferous. Boulder

of s^dstone, 23 X 19 X 9 in.
;
rounded

;
gritty

;
grey colour

;
unfossili-

ferou8^ Boulder of dolerite, 30x26x17 in.; columnar dolerite; shape
well marked

;
microcrystalline

;
no stri®, but highly polished.

2. Stebbing Green—Boulder of dolerite, 30x27x24 in.; conical

shape, viith semicircular base
;
no^sttri®, but highly polished.

3. In fields near the Green—Five smaller boulders of dolerite under
12 in. in diameter, one being a highly vitreous olivine-basalt.

4. At G[9een Farm—Boulder of quartz rock, 20 x 16 X 11 in.
;
rounded ;

polished
;
yellow colour, Boulder of quartzite, 16 X 12 x 11 in. Boulder

of felsite, 12 x 10 x 9 in.
;
oblong ;

dark grey
;
very compact and hard.
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Boulder of dAlerite, 29 x 24 x 11 in.
;
obfcng

;
rounded

;
veiy mucli

iveatbered. »

5. At Scallops Farm—Boulder of limestone, 29 X 24 x 8 in. j sub-
angular ;

Carboniferous limestone. Boulder of sandstone, 22 x 21 X 10 in.

;

sub-angular
;

compact
;

bright red colour. Boulder of porphyrite,

12 X 11 X 8 in.
;
rounded

;
quartz-porphyrite (?).

Parish, Little Easton, 6 miles N.W. *

'

1. Near the Park Gates—Boulder of sandstone, 42 x 40 x 21 in.;

rounded; oblong; fine-grained; compact; pinkish yellow. Boulder of
sandstone, 36 x 50 x 20 in.

;
oblong; fine-grained

;
compact, greyish yellow

;

very clearly striated, and in parts highly polished. Boulder of sandstone,

27 X 24 X 20 in.
;
very similar to last mentroned, but not striated. Boulder

of sandstone, 24x24x13 in.; very similar to last two. Boulder of
limestone, 28 X 24 x 10 in.

;
rounded oblong

;
exceedingly fossiliferous

;

Oxford clay (?). Two boulders of conglomerate (pudding-stone),

34 X 20 X 14 in. and 30 x 24 x 13 in.

Parish, LiWe Bunmow, 2 miles N.W. ‘

1. At Blatches Farm—Boulder of sandstone, 48 x41 x'lS in.
;
oblong;

fine-grained
;

sub-angular
;

traces of strioe on upper surface. Small
boulder of olivine-basalt.

2. At Bourchiers Farm—Boulder of flint, 19 x 14 x 6 in. Boulder of

syenite, 22 x 15 x 9 in.
;
oblong, rounded

;
rather coarse-grained

;
greyish

yellow. Two boulders of limestone (Carboniferous), 27*X 22 x 6 in. and
30x22x11 in.; pinkish colour; fine- grained, much cracked. Boulder
of calcareous grit, 21x18x11 in.

;
very coarse, and,rather loose texture.

Two boulders of sandstone, 46 x 22 x 17in.and 36 X 30 X 19in.; fine-grained ;

compact
;
whitish yellow

;
rounded and polished. Boulder of dolerite,

18 X 12 X 6 in.
;
oblong

;
much weathered

;
crust peeling off jn coats. Small

boulder of olivine basalt
;
rounded and very much weathered.

At Parsonage Farm—Boulder of sandstone, 48 x 42 x 19 in.
;
oblong ;

rounded
;
slightly striated ; micaceous. Boulder of limestone (Carboni-

ferous), 23 X 14 X 12 in.
;
oblong

;
smoothed

;
clearly striated in’directioii of

longer axis. Boulder of sandstone, 18 x 15 X 6 in.
;
rounded

;
exceedingly

compact.
In Cap Lane—Large pebble of grey syenite.

Hoad near village—Boulder of felsite
;
spherulitic.

At Burnt Cottage—Two boulders of clunch (Oxford clay ?),

13x8x5 in. and 12 x 8 x 7 in.
;
just dug out of chalky clay ;

very clearly

striated. Several large whitened flints, al^o striated. In gravel pit

—

Boulder of quartz - tourmaline rock
; rounded and highly pol^hed ;

curiously striped.

Parish, Barnston, 2 miles W.

At Absol Park Farm—Boulder of limestone (Carboniferous)
;
oblong

;

rounded and smoothed
; finely crystalHrib.

Near Rectory—Small boulder of mica schist
;
very small boulder of

syenite.

Parish, Great Waltham, North End, milo S.S.W.

At North End Place—Boulder of sandstone, 35 X 19 X 18 in.
; sub-
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angular; no strias; very ( ane-grained
; white. Boulden of sandstone,

25x16x14 in.; sub-angnlar; no striss; fine-grained; yellow. Two
boulders of conglomerate (pudding-stone), ’21 x 18 x 11 in. and 16x11

• X 6 in. ;
one very coarse and pebbles varying in size, the other with much

smaller pebbles and* all of a size.

In lane—Large boulder of felspar porphyrite ; rounded and polished,
and very hard.

Parish, Cheat Waltham, Ford or Fourth End, 3 miles S.

Ford End Hill—Boulder of sandstone, 19 x 10 in.
;
buried in ground

;

grey
; micaceous. Boulder of limestone (Carboniferous), 16 X 16 in.

Boulder of flint, 19 x 14 in. Boulder of sandstone, 16 x 11 in.; gritty, red.

At Hill Farm—Boulder of sandstone
; 30 x 19 x 11 in.

; ridge-shaped

;

sub-angular
;
flne-grained

;
yellow. Boulder of sandstone, 29 X 22 x 20 in.

;

oblong
;
rounded

;
gritty audio Dse ; white. Four boulders of sandstone,

respectively 28 x 24 x 16 in. ; compact ;
yellow, 21 x 17 X 16 in. ; conical

;

compact
;

yellow, 17 X 16 X 12 in.
; sub-angular

;
hard

;
greyish yellow,

16 X 13 X 7 in.
;
sub-angular

;
gritty

; micaceous. Two smaller boulders
of dolerite.

At Littley * Park, 2 miles S.S.E.—Boulder of sandstone, 33x25
X22 in.

;
roughly columnar

;
much polished

; compact ;
yellow.

At Littley Green, 2^ miles, S.S.E.—Boulder of limestone (Carboni-
ferous), 28 X 26 X 12 in. ;

nearly square; striated; hard; compact;
fine-grained.

Parish, Little Leighs, 4 miles S.E.

Near Leighs Priory—Boulder of dolerite, 13 x 9 X 6 in.
;
much

weathered. Smaller boulder of dolerite. Large boulder of felspar por-

phyry broken in several pieces
;
matrix bright red

;
felspar very clear.

Sandstone, 26 X 16 x 7 in.
;
much polished

;
compact

;
yellow.

Parish, Great Leighs, 6 miles S.E.

At Fulbourn’s Farm—Boulder of conglomerate, buried in ground so

that surface is level with ground, 62 x 43 in.
;
Herts, pudding-stone.

Boulder of sandstone, 48 x 20 x 12 in.
;
ridge-shaped

;
compact

;
yellow.

Parish, Braintree, 6 miles E.N.E.

At Becking Place—Boulder of gneiss, 22 x 18 x 11 in.
;
roughly tri-

angular, with two flat surfaces, deeply striated irregularly. Boulder of

limestone (Carboniferous) almost composed of large shells of Productus.

Parish, Felstead,

At Princes Halfyards Farm, IJ mile N.—Boulder of sandstone,

3flx20 in., fixed deeply ifi ground, so that 36 in. does not represent

ite real height
;

gritty, yellowish, grey. Three boulders of dolerite,

broken up before being measured, but none exceeding 12 in. in diameter.

At Moor Farm, 1^ mile N.E.—Boulder of dolerite and boulder of

porphyrite, both broken up, not'exceeding 12 in. in diameter.

At Cock Green, 2 miles S.E.—Boulder of dolerite, almost circular,

scarcely weathered, rather over 12 in. in diameter
;
hypersthene-bearing

ophitio dolerite.

At French's Green, 3 miles E.—Very large boulder of compact

yeUvw sandstone, since removed. A large heap of several hnndred
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smaller bouldeii? lately dag up in land-ditch^pg, chiefly flints, but con-

taining also porphyrite, olivine-basalt, dolerite, Mountain limestone

tJ urassic limestone, and ferruginous sandstone.
*

At Whelpstones Farm, 2^ miles E.S.E.—Large boulder of compact
yellow sandstone split into two halves, one half being left in the ground,
the half removed to farmyard measuring 27x21x16 in. Boulder of

sandstone, 20 x 1 6 x 10 in., soft, buff-coloured.

At Pond Park, 1| mile S.E.—Boulder of sandstone, 40x39x17 in.

;

oblong, much smoothed, glazed with calcite. Lower Cretaceous. Two
boulders of septaria with veins of calcifh, 25 x 21 x 8 in. and 22 x 16 x 12 in.

Two boulders of flint, 20^13x8 in. and 20x9x11 in., whitened, not
striated. Boulder of sandstone just dug up, 32 x 22 x 11 in., subangular,

polished, whitish yellow, compact. Five boulders of sandstone, 24 X 12
X 11 in. compact, light yellow

; 18 X 15 x 7in., compact, deep red
;
17 X 8

X 6 in., compact, grey
;
14 x 6 x 7 in., compact, light yellow

;
13 x 11 x 6 in.,

compact, yellowish white. Boulder of conglomerate (pudding-stone),

19 X 14 X 6 in. Several smaller boulders of dolerite.

At Potash Farm, 1 mile S.S.E.—Boulder of sandstone, 40 x 33 X 16 in*,

much polished, but not striated
;
compact, yellow. Boulder of sandstone

dug up in May and brought to farmyard, 31 x 30 x 15 in., oblong, yellow,

not very compact. Boulder^of sandstone, 1 7 X 15 X 8 in., rather coarse and
gritty, red. Five sg^ialler bOulders, all measuring 12 in. or over. Two
boulders of quartz rock, 14x8x7 in. and 14 x 13 X 7 in.

At Causeway End, J mile S.—Four boulders of sandstone, all exceed-
ing 12 in. and polished. Large boulder of dolerite dug out in clay pit

from boulder clay, and found to be split ^nto several large fragments

;

olivine dolerite, containing unusual quantity of magnetite.

In Snows Lane, 1 mile S.W.—Two boulders of olivine dolerite not
exceeding 12 in.

At Mill House, 1 mile S.W.—Boulder of sandstoi^e, striated and
polished.

At Bury Farm, in the village—Boulder of conglomerate (pudding-
stone), 52 X 23 X 16 in. Boulder ofcontorted gneiss, 15 x 15 x 14 in., rounded
and much polished, hornblende gneiss. Seven boulders of sandstone,
35 X 20 X 11 in., compact, yellow

;
30 x 21 X 6 in., very compact, yellow ;

19 X 18 X 1 2 in.
; 18 X 9 X 8 in., gritty, yellow

;
1 7 X 14 x 11 in., fine, compact,

yellow ; 16 x 15 X 6 in., compact, grey
;
14 x 11 X 5 in., gritty, yellow. Two

boulders of flint, 20 x 11 X 8 in. and 18 x 13 x 3 in. Boulder of quartzite,

15 X 15 X 5 in. Boulder of quartz rock 14 x 11 X 6 in., rounded and polished.

Four boulders of limestone (Carboniferous), 23 x 12 x 7 in. and 19 X 9 X 7 in.
;

20 X 17 X 5 in. and 1 5 x 10 x 9 in.,much smoothed and rounded, of tine texture
and grey colour. Three boulders of mica-schist, one being garnetiferous,

the garnets being decomposed. Two boulders of quartz porphyrite,‘bne
containing schorl. One large fragment of silicified wood, coniferous t(^).

Two boulders of dolerite, very much weathered.
At Chequers Inn—Boulder of limestone (Carboniferous), 26X18

xl2 in., much rounded and smoothed. Boulder of calcareous sand-
stone, 30 X 24 X 18 in. • •

At Vicarage—Boulder of sandstone dug up in the churchyard,
32 X 16 X 15 in., oblong, yellow, gritty.

At SewelFs Farm—Boulder of millstone grit not exceediijg 12 in.,

containing abundant casts of shells, soft, bufl'-coloured.

At Felstead Place—Boulder of dolerite, broken up before it couli^be
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measured. Boulder of sandst^fne, 37 x 17 X 12 iu., oblong, mubli smoothed,
compact.

At Coal Yard—^Boulder of sandstone, 34 x 20 x 15 in., oblong, rounded
and smoothed, compact, greyish yellow.

Street—bVurteen boulders of sandstone, smoothed and
rounded, 21 x 10 X 6 in., fine-grained, compact, yellow

;
24 x 18 x 6 in., fine-

grained, compact, yellow
; 18 x 10 x 11 in., gritty, loose, very dark, almost

black
;
26 X 10 in. (buried), 23 x 9 in. (buried), and 18 X 7 in. (buried),

very compact, mottled, bright]red and yeMow, fine, compact
; 31 x 11 X 11 in.,

fine, compact, yellow
; 17 X 11 X 11 in.

; 14x 13 x 10 in., grey brown,
gritty, glazed with calcite

; 17 X 12 x 9 in., very compact, reddish yellow.;

20 X 10 X 9 in., fine, compact, grey
; 22 x 17 X 13 in., fine, grey

; 17 x 11
xlOin. and 22x19x6 in., coarse, gritty, glazed with calcite. Two
boulders of flint, 27x10x6 in. and 23x11x5 in. Three boulders of
dolerite, 15 x 9 x 8 in. and 12 x 9 x 10 in., and one under 12 in.

Lancashire and Cheshire.

A valuable list aud description of erratics which have been found
in the drainage areas of the Oldham Corporation Waterworks by Mr. W.
Watts will be found in the ‘ Transactions of the Manchester Geological
Society,^ Session 1887-88, p. 584 et seq.

In the ‘ Transactions * of the same society (Feb. 7, 1888) Mr. Herbert
Bolton describes the boulders in the high level drift of Bacup.

Mr. Batclifie furnishes the following description of the erratics in

Dukinfield, Stalybridge, Millbottora, and Micklehurst. The term
‘ boulder clay *

is used to denote the clays, marls, sands, and gravels

containing boulders, but must not be taken as always synonymous with
the lower boulder clay or * till.’

At Dukinfield the boulder clay rests upon the edges of the Upper,
Middle, and Lower Coal measures, from the river Tame to Line Edge,
and beyond to the base of Harrop Edge the drift consists of alternate

layers of clay, sand, and gravel
;
in some cases thick layers of marl come

in between the upper sand and gravel.

The top clay is extensively used *for brick-making, the sand for

building and moulding purposes. The gravel contains often large

boulders, and almost in every case yields large quantities of water.

At Dukinfield Hall there is a total depth of 20 ft. 7 in. to the rock
head, whilst to the north at Ashton Moss Colliery the section in the

sands, clays, and gravels, of which the boulders are formed, is as follows ;

—

Soil turf and sand . • • • • • •

ft.

4
in.

0
Strong marl • • 9 • • 11 0
Sand and marl • • • • • • 1 6

Dark wet sand • • • • • 8 2

«St|png marl • • « • • 11 4

'Sand and gravel • • • • • • 2 0
Dry sand . • • • • • • 8 6

„ gravel • • • • • 0 6

„ sand . A * • • • 26 4

„ marl . •

• •
• • • • • 6 0

„ sand . • • • • 11 6

Wet „ . . . • 9 • • • 17 6

Strong marl • 9 • • • 26 8

liafl arid stones mixed • [
• 9 • • • 7 11

142 11
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To the ealt of the Ashton Moss Collierjr the Lords* Field Colliery

passed through the following

;

—
ft. in.

Soil and clay . . 6 0
Strong marl . 43 6
]Dry sand........ . 24 0.

AVet )»• • • • • • • • . 4 0
Strong brown marl . 101 9
Wet gravel, 7,000 gallons of water per hour . . . 7 9

To rock head ........ . 187 0

Returning to the Ohes^iire side of the river Tame the drift covers

the edges of the middle series, the dip of which is west at an angle

varying from 18° to 42°, and along t]^ line of Chapel Hill, where it

covers the lower seams of the middle series. The following is a section at

Victoria Colliery :

—

ft. in.

Soil 0 6
Clay 20
Marl . « .' .9 6

To rock head , #12 0

The boulders distributed over this area, extending from the river

Tame at Dukinfield Hall to Lyne Edge, varying in size from a few
hundredweight to three tons, are found mostly resting upon the marl at

the base of the gravel beds, and consist of felsites, hornblendic granites,

andesite, and andesitic ash, some micro>granites and JSskdale granites.

They are mostly rounded, sub-angular,^d in some cases striated.

Beyond Lyne Edge to the base of Harrop Edge, where the millstone

grit appears, are strong marls, with sand and gravel beds beneath. In the
marl a few feet below the soil are boulders, smooth and well rounded, con-
sisting of andesitic ash, rhyolitic breccia, Eskdale granite, vein rock,
and crushed altered ash.

Along the base of Shaw Moor the boulder clay is upwards of
30 ft. thick, containing a variety of small boulders, pieces of gannister,

&c. One large boulder, a felsite .from the Lake district, is upwards of
seven tons in weight

; another is rather smaller in size, a felsite with
epidote, also from the Lake district

;
another is about thirty hundred-

weight, and is a Criffel granite from the S.W. of Scotland.
The boulder clay from the river Tame to the base of the hills, from

Millbottom to Micklehurst, consists of boulder clay resting upon sand,
and gravel, from which a good supply of water can bo readily obtained.

The clay contains a large number of small boulders, often intermixed
with thin bands of sand and small gravel, and occasionally larger boul-
ders of the Eskdale series : andesitic ash (crushed), felsites, «yenite,
vein rock, and hornblendic granite from Buttermere. These are
rounded, smooth, the softer portions showing slight striations.

The following sections show the exact positions of some of the
erratics at different points in the area described :

—

t • ft. in.

Soil .... • • • • • • . 0 6
Sand • • • • • # . 5 0

Bouldbbs—

'

Loam and sand • • • • • • . J 6
Gravel • • • • . • . 2 0
Sand with water • • • • • • . 6 0

Bod^ base 21 0
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Soil .

Yellow clay
Sand
Gravel

BOITfiDEBS

—

Marl .

Bock base «

Soil

Gravel and sand (with water) .

Boulders

—

Marl . . . . •
,

Bock base • . * .

Soil and gravel

Bouldjbrs—
Mads

.
Bock base*

c A. in.

• • 0 6
• • 3 0
• • 16 0
• • 2 0

• • 4 0

• • 24 6

ft in.

• • 1 0
• • 9 9

• • 4 0

• • 14 9

ft. in.

• • 12 0

• • 8 7

#
• • 20 7

Mr. Plant continues his reports and describes the erratic blocks at
Spinney Hills, near Leicester.

A fine group of blocks has been uncovered on the Spinney Hills, to the
east of Leicesteif

;
they were scattered over about two acres of land, and

lying on the lower Rhsetic beds.^nder about 6 ft. of a stiff" upper boulder
clay which covers these hills, and varies from 3 to 12 ft. deep, and is suc-

ceeded by the hard white clay and shales of the Rhaetic beds. All the
blocks except two are granite from Mount Sorrel, 6^ miles distant due H.
The following is a list :

—

Length. Breadth. Depth.
No. 1 3 ft. 3 in. X 3 ft. 0 in. X 2 ft. 6 in.

No. 2 . , , . , 3 ft.,0 in. x 2 ft. 10 in. x 2 ft. 0 in.

Ho. 2 block is unique, being the first I have found that has a smooth
polished surface and slightly striated, the edges and angles clean and
sharp. The above will be removed to the Museum grounds at Leicester.

The other blocks are as follows :

—

No. 3

No. 4
No. 6
No. 6

Length. Breadth. Depth.
2 ft. 0 in. X 2 ft. 0 in. X 1 ft. 6 in.

2 ft, 0 in. X 1 ft. 8 in. X 1 ft. 0 in.

2 ft. 6 in. X 1 ft. 6 in. X 1 ft. 0 in.

1 ft. 6 in. X 1 ft. 6 in. X 1 ft. 0 in.

The above blocks are roughly cubical, the angles and edges are sharp
axM s16*me of the sides quite fresh, f.e., not wiDather-worn. Besides these,

seven other smaller blocks, rough cubes, of 1 ft. 6 in. on the face ;
these

are of Mount Sorrel granite, miles distant
;
two others about the same

size, but much rounded and worn^were coarse sandstones or millstone-

grit, which must have come from the north some 80 miles. Two others,

one Oolite and the other Lias limestone, must have come H.E. distant 12
or 14 nules. Height above the sea about 280 ft.

JBloe%8 at ^Newfound Pool, near ancient Roman Road, ‘ The Fosse Way'-^
Some large blocks have been uncovered in the excavations for new
streets at the above place, which is about 1^ mile on the west side of the
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town. All were in Upper Boulder clay, containing more sand than
usual,' which must have been derived from the beds below the Upper
Keuper sandstone, which eictends for some miles on that side of Leicester,

the * drift * varying from 6 ft. to as many inches in different places. The
blocks were associated with a unique find (as far as this county is con-
cerned), viz., a huge fin-bone, 2 ft. 6 in. long by 1 ft. 8 in. wide, of some
species of whale. This was under about 4 ft. of drift of the Upper
Boulder clay. Nearly all the animal tissue had been taken out qf the
bone, owing to its lying so little billow '^the surface in the sandy drift.

No other bones or teeth of the whale were found. It has been placed in

the Leicester Museum.
Description of blocks :

—
Length. lireadfh. Depth.

No. 1 . . 6 ft. 0 in. X 3 ft. 0 in. x 2 ft. 6 in. (sub-angular)
No. 2 . . 1 ft. 8 in. X 1 ft. 6 in. X 1 ft. 2 in. (angles very sharp)
No. 3 . . 1 ft. 4 in. X 1 ft. 2 in. x 1 ft. 0 in.

All syenite from Groby or Markfield, distant about 4 miles. Height
above the sea 210 ft.

RepoH of the Committee, consisting of Professor Valentine Ball,
Mr. H. G. Fordham, Professor Haddon, Professor Hillhousb,
Mr. John Hopkinson, Dr. Macfarlane, Professor Milnes Mar-
shall, Mr. F. T. Mott {Secretary)^ Dr. Traquair, and Dr. H.
Woodward, reappoi/nted at Manchester for the purpose of pre^
paring a further Report upon the Provincial Museums of the

United Kingdom,

The Report of this Committee which was presented last year dealt
mainly with the statistics of museums throughout the United Kingdom.
The Committee was reappointed for the purpose of considering the ideal

which provincial museums should endeavour to attain, and of suggest-
ing practical methods for approaching that ideal.

The provincial museums now existing may be classified roughly into
the following six groups, viz. :

—

1. Museums of Science and Art on a large scale, supported by Govern-
ment, as at Edinburgh and Dublin.

2. Municipal Kate-supported Free Museums.
3. University Museums.
4. Teaching Museums attached to schools and colleges.

6. Museums belonging to local societies.

6. Proprietary Museums. •

Of these typical groups the first must always be few in number, while
the third, fourth, fifth and sixth have special objects, in pursuit of which
they may properly diverge from any fixed standard.

The second type, the Municipal * l^ate-supported Free Museum, is
a^eady numerous, and is becoming annually more so. Its objects
ixmlude those of all the others, and it may fairly be taken as a standard

which others may be gauged. «

We propose, therefore, to consider what is the complete ideal which
the authorities of a free rate-supported museum should keep before
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them
;
not merely what is practicable under existing circumstances, but

what would be the bj^t under ideal conditions, and therefore what are
the aims to be kept in view, and the lines upon which labour and money
should be chiefly expended.

' ^

The general objects common to all museums are :

—

1. To preserve, for the purpose of comparison and study, such speci-
mens, whether of natural or artificial production, as may illustrate the
history of the earth and its inhabitants.

2.

* So to arrange and display these specimens as to make them most
available for such purposes. •

The special objects of a free rate-supported* museum in a provincial
town should be :— •

1. To contribute its share tp the general scientific statistics of tho
country by collecting and preserving specimens of the natural and arti-

ficial productions of the district in which it is situated.

2. To procure such other specimens as may be desirable for illus-

trating the general principles of science, and the relations of the locality

to the rest of the world.

3. To, ^receive and preserve local • collections or single specimens
having any scientific value which the possessors may desire to devote to

public use. •

4. So to arrange and display the specimens collected as to afford the
greatest amount of popular instruction consistent with their safe preser-

vation and accessibility as objects of scientific study.

5. To rendergSpecial assistance to local students and teachers of science.

Respecting the general objects of all museums, we do not think that
there is much difference of opinion, and on this point little need be said.

These objects, however, can be fully carried out only in such extensive
buildings and with such large resources as are rarely attainable except in

metropolitan cities. To represent the history of the entire inorganic
world, and of the development and present condition of its vegetable and
animal life, as far as these things are known to science, is an object
worthy of a great State department but impmcticable in any ordinary
provincial town. N’or could oven a State department hope to accomplish
this work in full detail unless it could command much more extensive
buildings and a much larger income than any nation has over yet devoted
to such a purpose.

What a national museum can practically do is to represent the history

and present condition of the world and its inhabitants in an epitomised
form, illustrating all the salient points and filling in the details of a few
selected periods and types. It will also be the repository for important
specialcollections and for very rare and costly objects which have a wide

f^eval interest.

^ the series of specimens preserved in such a museum the national

temtory will be represented as a matter of course in its proper place,

and in its due proportion to the whole. There may indeed be an
additional department for that section of the earth’s surface, with its

geology, natural history, and archmology represented as a distinct group,

and somewhat more elaborately than in the general collection
; but to

illustrate tl^e full details of nature in the varied aspects presented by
each parish and county, even within the limits of a single empire, would
be imjpVacticable in a museum devoted to the history of the world.
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Ifc is here^hat tlie provincial museums skould take up the work, and
should find their legitimate and most useful s{^ere. Every provincial

museum ought, in the first place, to be a fully Ulustraied monograph of
its own district. The details of each district can be worked up more
thoroughly and more cheaply by the local museums than by any other

agency, and if the entire history of the district and its inhabitants is

thus represented, special attention being given to any group of objects

for which the district is remarkable, this will be almost as much as any
local institution can accomplish. • *

But science is daily becoming xdore exacting in its demands. Details

which were thought arfiple, in any provincial museum twenty years ago
would now be regarded as quite insufficient.

In the department of geology evepy local variety of rook, with its

fossils and its minerals, must be illustrated by specimens, by microscopic
slides, and by chemical analysis ; the stratigraphy and its relations to

the physiography, the drainage, and the water supply, must be shown by
diagrams, maps, and models, and careful records of every boring, sinking,

and cutting, systematically procured and preserved.

In natural history the animal and vegetable life of the district must
be represented in the most complete manner possible.

, There must be
specimens of every indigenous animal from the highest vertebrate to the
amoeba, and of every plant, including the lowest cryptogams, and at least

those forms which are characteristic of the district must have their whole
life histories illustrated by specimens of male, female, young in various
stages, the skeletons and the nests or habitations of aninjals, and the soils

and habitats natural to the plants. ^
The history of man in the district must be elaborately represented

from the earliest pre-historic relic up to the latest phase, every local

speciality of food, art, dress, customs, and language being recorded.

Thus much must be accomplished by every provincial museum if it

is to ‘ contribute its share to the general scientific statistics of the
country.* But if its collections are also to serve the purpose of interesting
and instructing the local population, much more will be required.

Eor the purposes of general science, and for the use of experts, it is

best to keep nearly all museum specimens in drawers and closed cabinets,

protected from light, air, and dust
;
but for the instruction of the public

a considerable number must be displayed in such a manner that they can
be seen, studied, and compared without being handled. To do this

involves without doubt the sacrifice of many specimens which will be
destroyed in a few years by exposure to light and dust, and must be
frequently replaced

;
and of much money which might - be otherwise

devoted to the furtherance of scientific investigation. This sacrifice,

however, is absolutely necessary. The people who pay fbr the
museum will insist upon its being administered for their direct and
immediate benefit, as well as for their indirect advantage through the
cultivation of science in its higher branches. And their demand is

justifiable. It is as important to social progress that the millions should
be educated as that the few should advance knowledge beyond its existing

limits. The ideal Free Bate-supported Museum must do its best in both
directions. While therefore a complete collection of all local specimens
of a perishable nature must be carefully preserved for referepce in closed
cabinets, the imperishable ones, such as most geological and archaeological

objects, as well as duplicates of those perishable kinds which can be
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readily replaced, must be di4>layed in glazed cases for theHnspection of
the public.

. « .

The difficult question here arises : In what manner shall this display

be carried out so as to secure the maximum of instruction with the
minimum of expense, and so as to make the museum attractive and inte-

resting,*yet not a place for mere idle amusement ?

The Rev. H. H. Higgins, in his pamphlet on ‘ Museums of Natural
History,* has pointed out that the public who visit museums may be
divided into three classes, viz.

: (1) Those who are already interested in

science and come for information. (2) Those who have enough general
culture to wish for more, and who come in .the* hope of learning some-
thing. (3) The very ignorant, who care only to be amused. To these

classes he gives the appropriate designations of Students, Observers, and
Loungers. Of the weekly visitors to a popular museum, the students
probably do not form more than ? per cent., the observers perhaps 75,

and the loungers 20 per cent. It is obvious that, neglecting altogether

the small proportion of loungers, a great deal may be done for the
scientific instruction of those who come prepared to take intelligent

interest in,what they see.

The value ofscientific instruction lies mainly (1) in the insight which
it gives into the^laws and processes of nature, thus greatly enlarging the

mental pur\^ew
; (2) in its training of the senses by the habit of accnrajte

observation, and of the reasoning powers by the tracing out of causes

and effects
; (3) in its revelation of facts which may be turned to man’s

practical advantage.

In placing any scientific colloctions before the public with an educa-

tional object, all these points should be borne in mind. Accurate

observation is to be cultivated chiefly by frequent comparisons of allied

forms, and when a series of such comparisons reveals the lines of change,

and the large effects of many small changes, the intellectual faculties are

stimulated to investigate the forces which have been in operation.

Comparison, therefore, should be made easy, and the observer should

be led up to the groupings and the lines of divergence in each depart-

ment, and induced to look back into the past history and forward into

the fhture prospects of the earth and its various inhabitants.

For these purposes it is not enough to place in the cases rows of

specimens with their names and localities only. The natural groupings
must be very oonspicuously marked, and their points of connection and
of divergence very clearly indicated. Attention must be drawn to the

special characters of families, genera, and species, to geographical distri-

bution, and to the varied aspects of nature in different localities.

The method of labelling in a public museum is of vital importance,

and,;Sh^uld receive the fullest attention of the curator. If a label contains

tqo^itioh, it will not be read ;
if it contains too little, its purpose is not

effected. The titles of the large groups should be visible at some
distance ; their limits and their subdivisions should be so marked as to

be veiy oasily grasped by the mind of the observer. If Greek or Latin

terms^are used in these titles, English equivalents, wherever it is possible,

fihoulii be added. Probably it is wiser at the present time to place the

English first.

Natare 4x'aws no hard and fast line between the life of past ages and
of the present epoch. The organic world is a continuous current, and to

separate palesontology from biology cannot represent the actual facts in
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their natural connection. Such separation usay be convenient fojp students^

but for the instruction of the public selected examples of fossil organisms

should be in some manner associated with the living forms. It may not

be easy to accomplish this, and it is not necessary that it should be done
in any uniform method. Thoughtful curators who recognise the advantage

will do the best they can with the means at their command.
The same maybe said of the much-debated question—How best to

display the forms of existing life ? Methods may vary in detail, if the

essential principles are carried out, viz., that comparison of allied forms
must bo rendered easy

;
that the gVouping must be conspicuous

;
that the

connections and divergehpes of groups
.
must be indicated

;
that the

labelling must be distinct and full
;
that as many of the facta of nature

must be got into the allotted space as.ean be made clearly visible there,

and that their practical bearing upon the wants of man must be shown,
if possible.

Professor Herdman’s phylogenetic system of arrangement has the
great merit of presenting the life-groups in the true order of nature, as

far as this is known. In a building suitable for such an arrangement, it

would be an excellent scheme, and its leading idea should be borne in

mind in all cases, but it could not generally be carried out in detail. Un-
doubtedly some orderly arrangement of groups should 'be adopted as a
fpundabion in every museum. To have one room devoted^o birds, the
next to insects, and the next to fishes, would be wrong under all

circumstances.

In considering the best form for cases and the best arrangement of
the specimens, it must be rememberedj, that the strength of every pro-

vincial museum ought to lie in its local collections. It is the special

business of the local museum to collect the utmost possible amount of
information respecting the locality, and as much of this should be laid

before the public as can be made clear to them without risking the
destruction of rare and perishable objects.

These local collections should form the central and most prominent
display. Local objects can be obtained in the greatest abundance and at
the least cost, and they will always have a peculiar attractiveness for the
local public, who can best be instructed by being led from familiar objects
of which they have some knowledge to those which are comparatively
strange and unfamiliar, and which, if presented without such associations,

would often be incomprehensible. Geological collections must be accom-
panied by maps, diagrams, sections, and models, so that the relation of
each rock to the general series maybe readily perceived. These maps, &o.,

may be of small size, but they are wanted in juxtaposition with the
specimens, not hanging on distant walls, although, of course, large wall
diagrams of a more general character are useful also. The building up
of sections with slabs of the actual rocks has been adopted in o'some
museums with very good effect. Such sections on a large scale erected
in the surrounding grounds may give a good idea of the stratigraphy of
the district. The relations between the rooks and the physiography, the
drainage and the water supply, is be^ shown by relief models in clay,,

paper, or other material. In the display of minerals, their connection
with various commercial products ought to be indicated. Throughout
the whole of the geological department the results of chemical and
microscopical analysis of the various rocks and minerals must be
briefly stated.
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^
Taking the local geolo^ as the foundation, and confiring to the local

rocks the details above r^rred to, the relation of these to the known
geology of the world requires to be very clearly represented. Specimens
of all the principal strata not occurring in the district must be exhibited,

and their absence from the district distinctly pointed out. To display a
typical series of the rocks of the world in one line, and those of the
district in a separate and parallel line, with the tablets or the labels of
contrasted colours, is perhaps the best arrangement

;
but if space cannot

be spared for this, a single line with differences of colour may be adopted.
In the geological department the arrangement must be chronological

and stratigraphical. Each fossil-bearing rock must be accompanied by
specimens of at least some of its characteristic fossils

;
in the case of local

rocks these should be as numerous as space will admit.
In the natural history department a zoological arrangement will form the

basis and the local species the principal display, the chronological evolu-
tion of these species being shown by duplicate fossils and drawings of
extinct forms, and their relations to the fauna of the world by foreign
types on a separate but parallel line as in the geological department.

It .segms necessary that the vertebrates should be separated from the
invertebrates. The immense difference in individual size and in the num-
bers of species compels a distinctly different method of display.

In each of these two great branches of zoology the same fundamental
system must bo adopted, viz., to give precedence to the local forms,

to treat these in full detail, giving the utmost amount of information

respecting thepi which can be satisfactorily shown within the given
space, and to indicate their relations to the fauna of the world, and their

evolution in geological periods.

The information which can be given to the public respecting the local

forms of life will relate chiefly to their organic structure and their life-*

histories. The structure of invertebrates must be chiefly shown by draw-
ings or models, and of vertebrates by skeletons. The life-history can be
illustrated by specimens of the sexes, of the young in various stages, of
the nests or other habitations, of the food, and of the habitats. If these,

while remaining in their proper place in the series, can be grouped to-

gether in a pictorial manner so as to be fairly true to nature, the interest

of the public will be greatly increased, additional instruction will be con-

veyed by them, and scieuce will not suffer. But isolated groups are of

much less value, and the tendency to set these up in a dramatic or artistic

manner merely as sensational ornaments should be rigidly repressed. '

It is of the first importance that the stuffing and mounting of verte-

brates should be skilfully done. A large proportion of those at present

displayed in provincial museums are mere delusions. They do not repre-

sentmature. An unstuffed skin is much more useful in every way than

ouft which is set up untruthfully.

In the arohssological and anthropological departments the same sys-

tern must be carried out, but the arrangement here must be chronological.

Starting with the earliest relics of man 4discovored in the district, tho

series of examples of his work and^habits should be continued even to the

oarrent date, particular attention being devoted to any local peculiarities.

The changes which have taken place from age to ago in his tools, his

clothing, his architecture, pottery, ornaments, coinage, weapons, i&c., as

illustrate^* by purely local specimens, will 'be of the *utmost interest and
importance : and the whole local series should be supplemented by a few

1888. ' K



130 BEPORT—1888.

examples of cdrresponding dates from varioils otfiepsparts of the world
placed in a parallel arrangement for easy comparison.

The developments of the agriculture, the manufactures and the com-
merce of the district, will require to be exhibited in a distinct technological

department, which, if well arranged, will be to a large number of visitors

the most interesting and valuable part of the museum.
The botanical department is perhaps the .most diflScult to deal with in

a public gallery. The herbarium in its usual form is scarcely available

for the general use of the public, wjiile collections of seeds, woods,* and
vegetable products, though of great Value in themselves, give no insight

into plant life. The modelling of plant forms is now carried to great
perfection in decorative art. * If typical plants of each order in the local

flora were exhibited in this way, with corrQsponding examples of remark-
able foreign species behind, and fossil forms in front, much interesting

instruction would be afforded, and the cost would not be excessive.

Dried specimens of the whole local flora might well be exhibited in a
cabinet of very shallow glazed drawers which the public could draw out
but not remove.

The glass jar as now used for zoological purposes might be effectively

applied to botanical specimens for the illustration of the life-history of
typical species. •

Provincial museums have made their collections hitherto in a very
unsystematic manner, by donation or purchase as opportunities occurred.

In order that the scientific statistics of the country may be thoroughly
investigated and made known as quickly as possible, a much more
business-like system of collection should be' adopted. The district should
be divided into sections, and % paid collector appointed for each of them,
’whose whole time should be occupied for several years in obtaining speci-

mens and records in every branch of science represented in the museum.
In nearly every part of the kingdom competent men could be found to

do this work for very moderate salaries. The necessary apparatus must be
provided for them, they would generally require some amount of instruc-

tion, and during the period of their operations a sufficient staff of assistants

must be employed at the museum to deal with the specimens brought in.

To carry out the work in this systematic manner, funds ona more liberal

, scale than is now usual must be provided for ihe first few years, but the
value of the museum would be immensely enhanced, and when the local

collections i/iere made tolerably complete the permanent income required
for maintenance would be very much less.

Taking, as an example, a town of 100,000 inhabitants, the centre of a
district included within an average radius of ten miles, it may be roughly
estimated that the cost of erecting a buildiug thoroughly suitablevfor a
museum, including the site and fittings, would not be less than 10,OOOZ.,

and that during the first three years an annual income of 1,500Z. would
be required, with a permanent income thereafter of not less than 6002.

For smaller towns or smallev districts the estimate might be considerably

less, but the penny rate authorised by.the Public Libraries and Museums
Act is insufficient to support both library and museum in one town on a
satisfactory scale.

Every well-appointed museum should contain, in addition tp.its public
galleries, an office for the curator, work rooms for the assistants, store

rooms, a students’ room with table, microscope, books of reference, and
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a few chemical re-agents

;
and a keeper’s residence. A residence for the

curator, that he may be always on the spot, is desirable, if not essential

;

and, unless the town contains a separate college of science, a class-room,

lecture theatre, and laboratory would be valuable additions. A library of
standard, scientific works, comprising not less than 500 volumes, is ab-
solutely essential to the proper working of a museum. No curator can
undertake to name and properly label the specimen^ collected without
constant reference to books. All local scientific societies should be
encouraged to hold their meetings at the museum, where a suitable room
with lock-up cupboards might advantageously be provided for them,
small rents being charged, except where this would involve the rating of

the whole premises.

When donations are offered td a public museum the authorities should
consider that they are concerned only for the public interest, and that

they ha^'e no right to occupy space by the storage of objects which are of

no public value. It is generally undesirable to accept any donations
with restrictions as to what should be done with them. When they are
given to the museum they become public property, to be dealt with freely

for the public benefit. When presented they may be considered good
examples of their kind, but if superior ones afterwards come to hand the
authorities should have power freely to exchange or sell. Exceptions to

this rule may be made in special cases. Collections brought together by
eminent scientists often acquire a classical reputation and should not be
broken up, or single specimens, evren though of little value in themselves,
may have a placef in the history of science which should render them
sacred. Such objects may bo aci^epted under any reasonable conditions.

A movement has recently been inaugurated at York for bringing the
curators of museums into closer communication and assisting in the
exchange of duplicates. Something of the kind is much needed. A
periodical publication, in which curators could from time to time describe
portions of their duplicates, would probably be found useful. If it were
possible to appoint a travelling inspector, who should devote his time to

visiting the provincial museums in rotation, arranging exchanges, spread-
ing the knowledge of new inventions in museum apparatus, assisting in

the naming of doubtful specimens, taking notes of desiderata which
might be supplied by other museums, and acting as a general medium of
communication and consulting visitor, such an officer might be of very
great service . An adequate salary would have to be provided, either by
Grovernment or by some independent society, with contributions from the
museums visited. It might be difficult to find a man of sufficient tact,

judgment, and knowledge who would undertake the post, but without
doubt there is much to be done in this direction.

Th^town museum should be the place to which all students and
teachers of science in the district should naturally go for assistance. To
hond fide students every encouragement and facility should be given, and
loan collections should be prepared ^or teachers. A system of travelling

museums which circulate among the ^principal schools of the town has
been adopted, at Liverpool with great success.

The practical value of museums as important factors in all adequate
systems of education is not yet recognised by the general public. Too
many of these institutions have hitherto been but toys and hobbies, and
require-Cbmplete re-organisation. We are not aware of a single free rate-

K 2
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supported provincial inuseiini in tlie kingdom wliicli has attained to tho

ideal recommended in this report.

In the first report of this Committee, published in the Manchester

volume, the following corrections and additions should nowbe made, viz.

Page 4, after No. 10.—Birmingham. Imert ‘ Mason College Museums—Professors

Lapworth, Bridge, and Smith. Class 1. Coll.-general, Zoo.,

Geo., Mech. Free daily.’

„ 4, No. 16.— Bootle. jPhr ‘ 1886’

*

1887.’ * J. J. Ogle, 4:3 Brook
Road,’ curator.* Visitors, 600. Strike out ‘ not yet opened.’

„ 6, No. 24.—Canjbridge. Insert * M. of Zoology. S. W. Clark, cur. Class 1.

Coll.-general, Zoo.
; Comp. Anat.’

„ 6, No. 24 .—Strike out * Trin. Coll.’

„ 6, after No. 37, Insert ‘ Christchurch,,* Hants. Hart, owner. Coll.-local.

Omith.’

„ 6, No. 44.—Derby. Imert * weekly visitors, 2,000.*

„ 6, No. 45.— Devizes. For ‘Cunningham’ read ‘ Cunnington,’ and insert

‘deceased.’

„ 6, No. 46.—Devonport. For ‘ Rome ’ read ‘ Rowe.’

„ 6, No. 47.—Dorchester. After ‘ Moule ’ insert ‘ M.A.’

„ 8,af‘‘erNo. 61, ‘Guernsey. Guille-A116 M.’

„ 8, No. 66.—Huddersfield. ‘Mossley’

‘

Mosley.’

„ 10, No. 106.—Norwich. For ‘ Reade ’ read ‘ Reeve.’

„ 10, No. 110.—Oxford, Bodleian. Insert date ‘ 1598,’ and/<;^ ‘G. B. Nichol-
son ’ read ‘ E. B. Nicholson.’

,, 10, No. 112.—Oxford, Ashmolean. Insert date ‘ 1679,’ and for ‘ J. H. Parker,

C.B.’ read ‘Arthur J. Evans, F.S.A.’

„ 10,after No. 113, Insert ‘University Galleries, 1841. Joseph FLsher, keeper.

Coll. -general Arch. Art, supported by the University.’

„ 12,after No. 130, Shefiield, insert ‘ St. ^George’s M. Founded by Mr. John
Ruskin for Objects illustrating the Beautiful in Nature and
Art.’

„ 12, No. 132.—Southampton. under Coll.-local ‘Geo.’

„ 12, No. 167.—Woolwich. Strike out ‘ Royal Artillery Institution.’ Insert

date ‘ 1820.’ For ‘ Harman ’ read. ‘ Crodkenden.’ Under
Coll.-general add ‘ and Military Models.’

„ 14, No. 169.—York. Insert date ‘ 1823.’

„ 16, No. 211.—The Powys-Land M. has been transferred to the Corporation
of Welshpool, the town having recently adopted the Museum
Act.

„ 18, Number of Museums estimated as First Class, for ‘ 66 * read
‘ 69.’ Second Class, for ‘ 66 * read ‘ 68.’ Total, for * 211 ’ read
‘217.’

„ 20, Under ‘Archaeology,’ insert ‘Roman from Cambridgeshire,
&c. Cambridge, M. of Archaeology,’ also ‘ from Ribchester,
Blackburn.’

„ 21, line 18, After ‘ Alnwick ’ insert ‘ Oxford, Ashmolean.’

„ 21, line 20, After ‘ Cambridge ’ insert ‘ M. of Archaeologj'.’

„ 21, line 21, After ‘ Cambridge ’ insert * Fitzwilliam M.’

„ 21, line 31, After ‘College’ insert ‘Oxford, Ashmolean ^d IIA of Arch-
aeology.’ ,

„ 21, line 34, For ‘ Fitzwilliam M.’ read ‘ M. of Archaeology.*

„ 21, At end of list of Anthropology add
Ethnological Library . . Oxford, M. of Archaeology.
Anglo-Saxon, with K. Alfred’s

Jewel . % * . . . Oxford, Ashmolean.
The Tradescant Collection . „ »»

,

Greek Vases .... „ „
Arundel Marbles . . . „ „

„ 22, line 29.—The annual receipts at York vary between 160c/. and 360^.

„ 30, line 4, For ‘ Newcastle * read ‘ Northumberland.’

Note.
—

^The pages refer to the Report as printed separately, not as in the volume.
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(

Second Report of the Committee^ consisting of Mr. R. Etheridge,
Dr., H. Woodward, and Mr. A. Bell {Secretary)^ appointed
for the purpose of reporting upon the ‘ Manure * dravels of
Wexford, (Drawn up by Mr. A. Bell.)

»

Note.—In the following report it hj,s been endeavoured to trace the
nature, limits, and contents of, first, the so-called * manure ’ gravels, their

mode of occurrence and geological position
; secondly, that of the sea-

coast marls
;
and thirdly, the reflations in which these stand to the drift

deposits south of Dublin with which they have been correlated.

The fossils obtained have been transferred to the Geological Depart-
ment, British Museum.

Nature of Ground,

Before .entering upon the main purpose of this report a few words
descriptive cf the ground upon which the Wexford deposits rest may be
desirable.

The bed-rocks of the district consist of purple conglomerates, slates,

and sandstones of Cambrian and Cambro- Silurian age metamorphosed
by the intrusion of vast masses of quartz rock into schists and felsites

of varying hardness, and forming considerable elevations, upon whose
summits the quartz stands out in precipitous masses. These elevations

rise from the shore of the Slaney river, forming the ridge, upon part of
whose seaward face Wexford city is built, to about 300 feet, and then
descend rapidly before rising again to produce the Forth Mountain, a
ridge extending 3 to 4 miles N.E. to S.W., with a height of 690 feet. A
ridge of Palasozoic rocks also continued across the present Slaney valley to

the north before the drainage of this part of Ireland was altered by the
breaking down of a portion of it at Ferry Carrig, by Fitzstephen’s Castle,

forming the gorge of the modern Slaney river.

Between the Wexford and Wicklow Railway and the sea the ground
rises into high hills and ranges, with occasional bog-lands at foot. Gneiss
and granite are present at the extreme S.E. at Carnsore Point, and black
calp limestones at Drinagh, near Wexford.

The later deposits of Wexford fall into three divisions, viz., (1) the
so-called ‘ manure ’ gravel series

; (2) marls and clays
; (3) an illusory or

fictitious drift. The first of these occur only on the landward side of the
elevations and hills just referred to; the second on their seaward faces and
cover part the previous gravels

;
the third is forming wherever the

bed-rCtck is exposed to atmospheric infiuences.

(i) The * Manure^ Gravel Series,

These consist in ascending ordeb of fine sands passing up into a com-
minuted shell gravel covered by a debris of, for the most part, local rocks.

Of these the sands are lowest and most persistefit, appearing in the banks
of the Slaney river, which has cut through them since their deposition.

In a sandpit near St. Peter’s College, Wexford, various igneous rooks, as

quartz and granite, are present on the floor
;
but as in the side of the pit
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near the top a large mass of felsite, one face measuring 2 feet or more, is

in sitUy pressing down and contorting the water-sorted gravel seams, these

are doubtless not in their original place. The granite has probably come
from the Carnsore horizon. Large transported rocks are, however, ncrf*

common in these sands. From the shore at Artramon, on the eastern

bank of the Slaney, all the way up the ascent to Castlebridge, the road
exhibits this sand, which in a pit near Pulregan is beautifully exposed,

passing up into comminuted shell gravel.

The section at Little Clonard- is a very instructive one, and is the

deposit referred to by earlier writers as being on the Forth Mountain.
More accurately it is upon.the land face of the Wexford ridge, opposite to

the mountain. Down the slope of this ridge it extends for a distance of

150 yards, with a vertical thickness of about 20 to 24 feet. At the base

of the section is a sheet of concreted or cemented gravelly sand a few
inches thick. Upon this reposes a thick mass of sand with many pebble

seams containing much small limestone, the fossils being most plentiful

in these seams. Over this is a drift of stones very local in position, in

some places absent, in others 3 feet thick. The upper beds having been
much turned over during the 100 years the section has been open and the
sand removed, no accurate idea can be conveyed as to 4he original con-

dition of this portion of the pit
;
but in a continuation of the sheet of

gravel a few perches away a pit has been opened within the last three

years that may supply the deficiency. Here, below the surface soil, is a
bed of clean sand with a brown marl 4 feet in thickness, this covering
the fine limestone gravel. The larger drift is here absent, but may be
seen further on the road in Mr. Moody^s grounds at Bathaspick. The
largest stones occur in the surface soil.

The next place where these shell gravels occur is on the side and top
of the hill near Castlebridge at Pulregan

; here the gravels are finer and
sandier, and the local covering drift is less conspicuous.

For purposes of comparison with other deposits elsewhere, which have
been considered as the equivalents of these gravels, a careful examination
was made as to the nature and condition of this covering debris, and to

this end the mean of several groups of twenty specimens, each picked at
random from the face of the section, gave the following results:

—

Little Pulregan
Clonard No. 1. No. 2

6 7 10
8 9 8

5 11
0 2 1110

20 20 20
*

•

The examination of a heap piled at one side in Little Clonard pit

yielded a larger proportion of quartz and Cambrian and less of limestone.

At neither place did the stones bear those marks of glaciation, striae, and
polishing that occur in the limeston»dVift proper. The pebbles are also

more rounded.
Professor Harkness, •Geol. Mag.,* vol. vi. p. 548, remarks on an

exposure of these beds at Castle Ellis, about eight miles to the N.W. of

Pulregan, that the sands and gravels are covered by a boulder clay

40 feet thick, * abounding in angular, sub-angular, and rounded blocks,

Quartz and quartz rock
Cambrian or Ordovician
Limestone
Chalk flint

Granitic pebble ,
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chiefly Cambrian and Silnrian, many beantifally striated/ This descrip-
tion so strongly applies to what I have termed an illusory drift that at
present I am inclined to consider it a similar accnmnlation.

This is a drift, or rather a clay, resulting from the decomposition of the
XDetanorphosed Palssozoic rocks wherever exposed to atmospheric in-

fluences. This is well seen between the Slaney and the Forth Mountain,
and in and about Wexford, at Killurin and Macmine Junction, and almost
everywhere at the foot of the hills along the railway line, wherever a
cutting or excavation has been opened. This clay is * full of blocks in
various stages of degradation, occasionally covered and coloured by iron-

froth. The soft nature of the metamorphosed Cambrian rocks renders
their situation of less value in this point of view than if they were lime*

stones.

The fauna contained in the gravels is very interesting
;
the only

hitherto available lists are those made so many years back by Captain
James and Professor Forbes, their usefulness being impaired by the un-
certainty as to whether the fossils came from the gravel or the marl. I
have therefore given in the following only those which I have obtained

directly from the. gravels, adding subsequently those of the earlier lists.

A large proportion of the shells are much abraded fmgments, very
few of the Pelecypoda being intact, the Gastropods suffering less damage.

The condition in which the remains occur does not altogether suggest

more than a normal amount of violence or far removal, since equally

broken fragments are to be seen in any ancient or modern sea-beach, such
as the raised bOheh at Thatcher Island, or on the level stretch of sands at

Paignton, both in Torbay.
Their distribution is rather capricious. Professor Forbes, op. cit.y

p. 377, speaks of the abundance of Purpura lapillus and the presence of

liittorina littorea as especially characteristic of the Wexford shelly gravels

containing Fusus contrarius. These are rare in the southern parts of the

district, where Venus verrucosa, doubtfully recognised by Professor Forbes

as a Wexford fossil, is, on the contrary, not uncommon.
Many of the pits formerly open are now closed or water-logged.

Kilbride, co. Wicklow, the locality given in the ‘ Fossil Catalogue *
of

the School of Mines, London, for some of Captain James’ rarer fossils,

has not been worked for forty years past, I am told by Mr Gawan, who
has been recent there during that time, and directed my attention to

one or two exposures of gravel. Only the local upper gravel with sand

was visible. In the same manner as the Slaney in the south cut through

the series since their deposition, so also has the Ovoca in the north, the

ilbride gravels being on the Wicklow side of the river.

(1) Shells- collected hy A. Bell in the Wexford Gravels.

Buccinum undatum.
Cypraea europea.
Dentalium entalis. , • ,

Fusus gracilis.

„ antiquus.

„ contrarius.

„ i^audica jav.

„ Menapii, M.S. (n. sp.) *

Fissurella grseca.

Murex erinaceus.

Nassa incrassata.

„ reticulata.

„ nitida.

,. pygmaea.
Natica greenlandica.

Purpura lapillus.

„ incrassata.

Fleurotoma pyramidalis.

„ rufa.

„ (vaf. semicostata.)
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Pleurotoma (var. Ulideana.)

„ turricula.

Trophon muricatus.

tf clatbratu^.

„ truncatus.

„ craticulatus.

Tumtella incrassata.

„ terebra

Astarte borealis,

„ compressa.

„ elliptica.

(var. sulcata.)

Cardium ediile

„ echinatum.

„ rusticxim.
.

Cyprina islandica.

Mactra subtruncata.

Mya arenaria.

Mya truncata.

Mytilus edulis.

„ modiolus.
Nucula Cobboldiae ?

Ostrea edulis.

Pinna.
iPectunculus ^lycimeris.

Pecten ^usio,

„ opercularis.

„ maximus.
Solen marginatus.
Tapes decussatus.

Tellina Balthica.

,, crassa.

,0 Venus casina.

„ verrucosa.

Cliona.

Balanus.

And several other forms still undetermined.

(2) Species recorded by Captain James * not found by A. JitlU

Aporrhais pes pelicani.

Cyprjeca ? sp.

Fusus crispu.s ?

Lacuna puteolus.

Littorina rudis,

„ littorea.

Mitra ( ? cornea) 1

Melampus pyraniidata.

Fassti semistriata.

Patella vulgata.

Pleurotoma.
Scalaria Trevelyana.

y, greenlandica.

Trochus exasperatus.

Trichotropis borealis.

Trophon Barvicensis.

Anomia ephippium.
Leda pusio ?

„ pernula. «

„ oblongoides ?

Mactra solida.

Nucula nucleus.

„ proxirna ?

Pholas crispata.

Baxicava arctica.

Venus exoleta.

Of these a number are either extinct or only found in seas north or
south of Britain, and such an association in the same area needs some
explanation. The species are

;

North—Astarte borealis, *Leda oblongoides, L. pemnla, *Nucn,la
Cobboldiae, NT. proxirna, Scalaria greenlandica. Purpura incrassata,

Pleurotoma pyramidalis, Trophon clathratus, T. craticulalSis, Meyeria
pusilla.

South—’•Leda pusio, ^Cypraea sp., Turritella incrassata, *Nassa
semistriata, *Mitra sp., *Pleurotoma, 2 sp.

Habitat unknown. I'usus (Menapii MiS.), F. n. sp., or allied to •'F,

crispus, Melampus pyramidata.
,

Those marked * are uncertain ascriptions according to Prof^ssdr
Forbes, and the Mitra, Nassa, Fusus, and Ledas, like Captain James**
notes, are no longer in evidence, being either lost or mislaid. Of Hocuta
Cobbpldiae, a living Japanese species, I have a rolled fragment, which
seems to exhibit the peculiar sculpturp aof the shell. The Cyprma now
(with Melampus) in the Museum of Practical Geology, London, requires
confirmation.

The Mitre, according to Forbes, was an imperfect specimen, too

* Jovrn. Dublin Qeol. Soc.y vol. iii. Some of these may have been Obtained from
the marls and not from the gravels.
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4

mucli broken for identification of species
;
it might be either M. green-

landica or M. cornea, hoih of which Mr. R. A. C. Godwin-Austen, in
‘ The Natural History of the European Seas,’ p. 262, states to occur here.
This is, I venture to think, an error on his part.

Of the existence of the other species in the list there can be no doubt,
iEind the question arises, by what routes did they come, and where do
similar accumulations occtfr P On the latter point Melampus pyramidata
is valuable evidence

;
its last appearance as a fossil occurring in Eastern

England, in the Ohillesford beds of^^Safiblk, in association with Leda
oblongoides, Nucula Cobboldiee, Turritella incrassata, Scalaiia green-
landica, Trophon clathratus, and others in the list just given.

On the west coast of England it, in company with numerous other
shells of southern origin and Pliocene age, occurs in the St. Erth valley

in Con^all, Turritella incrassata being a very abundant form ; and the
conclusion arrived at by the writer is that the Wexford series cannot be
placed earlier than at or about the close of the Pliocene stage of East
Britain, such as the Weybourn beds of Norfolk.

Professor Forbes was the first to suggest that ‘ there was a communi-
cation between the Mediterranean and the North Seas during this period.*

Messrs. Dolfuss asud Dautzenberg have also pointed out that the Cotentin
deposit in North*France is but an extension in continuation of the late

Miocene seas.

The deposit at St. Erth* is evidently a further extension in a westerly

direction, and a still further prolongation in a line northerly from St. Erth
to the west of Carnsore Point would strike the valley between the Wex-
ford ridge and the Forth Mountain, and continuing round the inland face

of the hills already referred to reach the present coast-line just north

of Arklow.
Such an extension would account for the presence of these southern

species in the Wexford area. By what route the northern species arrived

will be considered in the final report.

(ii) Marh and Clays.

On the survey maps it is said, ‘ The low lands of this coast and the

interior up to a height of between 200 and 300 feet are covered by Pleis-

tocene deposits, consisting of marls interstratitied with sand and gravel

containing arctic and other shells, chalk flint, pebbles of Antrim chalk,

jasper, coal, and magnetic iron-sand.’

This description is not very definite, as the deposits vary much in

character and are apparently of different ages. In Rosslare Bay, near

Ballygeary, the lowest bed rests directly upon the base rock, and is a
. stiff bliEick clay, originating from the black Carboniferous limestone a short

distaoi^e away, and is only occasionally relieved by a few quartz pebbles,

Cambrian rocks, or a limestone pebble or fossil. A bed of sand, more or

l^s intermittent, ranging from three inches to three feet in thickness,

separates this from an overlying very dark clay, with a few large stones

fwid occasional seams of gravel. Fossils are present, but are fragmentary

atid difficult to find in the clay, but are better preserved in the pebble

seams, from one of which, situated towards the top of the cliff to the west

of the pier/t^e following species were obtained :

—

* On th© Pliocene beds of St. Erth, by P. F. Kendall (the late), R. G. Bell,

F.G.S., Quart. Journ. Oe(k, 8oo.t Lond., 1886, p. 202 et seq.
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Cyprsea'europea.

Helcion pellucidum.
„ var. laevis.

Hydrobia ulvas.

Lacuna puteolus.

Littorina neritoides.

„ obtusata.

„ littorea.

Murex erinaceus.

Nassa pygraaea.

„ reticulata.

Purpura lapillus.

Patella vulgata.

Trochus cinerarius.

„ zizyphinus.

Trochus umbilicatus.

Astarte sulcata.

Cardium edule.

Lutraria elliptica.

Leda pernula.

Lucina borealis.

Mactra elliptica.

Mytilus edulis.

Nucula nucleus.

Ostrea edulis.

Pecten operdularis.

„ varius.

Tapes virginea.

Crab claw.

Balanus.

Above this layer were embedded in the face of the cliff numerflrtis land
shells, such as Helix hispida, Helix ericetorum, &c. These may be of

no great age. Traces of upland peat occur, and the freshwater Limnea
truncatula is not uncommon, embedded in the cliff face.

The marine shells are also present in the railway cutting, and frag-

ments may be noticed in^the more friable clay or marl beds on either side

of Wexford Harbour from the water level to some diststoce up the sides

of the elevations already referred to. Near Wexford the clay becomes
more sandy and yellowish, due probably to an admixture of the sands of

the earlier series. Here traces of an old layer of oysters are visible.

Elsewhere, as in the cliffs south of Arklow, it puts on the look of a rain-

wash or brick earth, with few included rocks and without fossils.

The sand at Ballygeary yielded a broken Trophon Barvicensis, and
the stiff black clay a fragment each of Astarte sulcata and Peotunculus
glycimeris;

The only northern species obtained after close search were Leda pernula
and, doubtfully, Astarte borealis.

Captain James described (1839) the cliffs at Ballygeary as consisting

of dark tenacious clays, with rows of Nullipores. The only trace of this

alga found was on a limestone pebble in the lowest clay, with a serpula
attached to it.

(iii) The Qoast from Delgany to Killiney.

To ascertain what relations (if any) the Wexford series of deposits Lad
to the so-called Lower, Middle, and Upper drifts of the Dublin area, it

became necessary to examine the coast-line with some attention, from the
rise of the cliffs at Delgany past Greystones to the sides of Bray Head,
and thence to the granite boundary at Killiney and Dalkey, espe*
cially the fine exposure at Ballybrack in Killiney Bay, where, acoo^ing4o
Professor Hull, the three sections are to be seen, as well as else'MKhere.

However it may be elsewhere, I was unable to detect any traces of an
Upper drift

;
a conclusion I have since discovered was arrived at some

years ago by Mr. G. H. Kinaham,^ who, in discussing the question, states

his opinion * that there is no deposit^ between Killiney Hill and the Bray
river that could possibly be called an Upper boulder clay drift,* as given
by Professor Hull in the section in his paper upon Irish drifts.®

The older drift in Killiney Bay is made up of large and small rooks^

* Oeol May. vol. ix. p. 266 et seq. (* Middle Gravels of Ireland *).

* IHd. vol. viii. p. 296.
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limestone, quartz, schists, and granites (many of the liiiiestones being
beautifully striated), intermixed with thick beds of sand, often tilted at
an angle of 70® to 80® to the beach, beneath which they pass, reappearing
at intervals near the Shanganagh and Bray rivers.

Besting upon, and in places overlying it, are the beds- associated with
the Middle drifts, made up of loose sands, gravel, and occasionally large
blocks of granite and quartz, the cliffs gradually declining towards the
south, where they sink to the shore a short distance north of the Shanga-
nagh river. The upper portion of the section is composed of smaller
gravel, and is so similar to the older € rift that it is impossible to separate
them, water action having mixed them together. The fossils in this

horizon are chiefly confined to the lower portion of the section and are
rather local in their distribution.

A shell-bearing gravel has fceen recognised for many years past as
existing high up the Three Bock and Kilmashogue Mountains at eleva-

tions of 1,000 to 1,200 feet. Beyond tbe facts that these mountain
gravels are largely limestone, and the shells all included in the fauna of
the lower ones, there is nothing to connect the two. On the contrary,

the shells, unlike the lower-lying species, are many of them scratched,

and none of thq arctic forms are at present known * to occur there.

The Shanganagh river flows by the base of a perpendicular cliff, about

fourteen feet high, sloping rapidly from the coast inland. The base is a
limestone drift (lower drift), passing upwards into a marly clay full of

large, rounded granites, angular limestone blocks, and quartz rocks.

Coastwise it is jof limited extent, soon disappearing beneath the sandy
marls referred to in the next section as occurring north of the Bray river.

A few fragments of shell are present ip the marl, which contains a few
seams of pebbly gravel. It may be worth notice that where the marl is

seen resting upon the limestone drift large blocks of granite abound, and
limestone is almost, if not altogether, wanting. One out of a large number
of granite blocks lying upon the shore I found to be 16 feet in circum-

ference.

The shell gravels at Ballyhrack have yielded an interesting series of

fossils. I have, as in the case of the Wexford lists, given those collected

by myself and then those obtained by other searchers not included in my
own finds :

—

Aporrhais pes pelicani.

Buccinum undatum.
Dentalium entalis.

„ Tarentinum,
Fusus antiquus.

Hydrobia ulvae.

„ ventricosa, ,

Eittorina littorea.

„ rudis.

„ obtusata.

Nassa reticulata.

,, pygmaBa.

„ nitida.

„ granulata.

Natica Alderi.

„ catena 't

Pleurotoma costata.

Bissoa parva.

„ membranacea.
Succinea oblonga.

Turritella terebra.

Trophon truncatus

Astarte borealis.

„ compressa.

„ sulcata.

Cardium edule.

„ echinatum.

„ pygmaeum.
C3^rina islandica.

Oorbula nucleus.

Leda pernula.

„ buccata.

„ minuta.
Lutraria elliptica.

* See lists in * The Elevated Shell-bearing Graves near Dublin,’ Rev. Maxwell

Close, M.A., Joum. Roy. Oeol. 8oo. Dublin, 1874, vol. iv. p. 36.
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Mya truniata.

Mytilus edulis:

Mactra elliptica.

Ostrea edulis.

Pecten tigrinus.

Pectunculus glycimeris.

Psammobia ferroensis.

Pholas dactylus.

Saxicava arctica.

Fotind by Canon Grainger (G.),

Jeffreys, ‘ Brit. Conch.’ vol. v.) {W.

Cypraea europca (G.).

Pleurotoma rufa (W.).

Trochus cinerarius (G.).

Loripes divaricatus (W.).

ScrObicularia piperita.

Tellina Balthica.

„ calcarea.

Tapes decussatus.
Yenus gallina.

„ verrucosa.

(Artemis) exoleta.

Balanus.
Fish vertebra.

V. W. Walpole (Appendix, Dr. ftwyn

,
Professor Oldham (0.) :

—

^Mya arenaria (G.)

Psammobia vespertina (W.).
• Woodia digitaria (W.)

A comparison of these lists with those given as from the Wexford
gravels effectually disposes of the suggestion that the fauna of the two
deposits are identical.

(iv) From JDelgany to the Bray Biver.

In this district the cliffs rise from the shore a little S. of Greystones,
and passing northwards thicken considerably, the deposits rising to more
than 300 feet up the sides of Bray Head. The lowest beds at Delgany
are limestone drift, containing the usual quartz, granite, and Cambrian
boulders, capped by another gravel largely made up of Cambrian slates,

micaceous schists, grits, quartz, and granitic rocks. Old Bed sandstones,

chalk flints, with comparatively little limestone. Yellow clay or marl,

resembling a brick earth, occurs, at first sparingly, with seams of fine

pebbles, thickening out northwards and infilling the hollows in the under-
lying beds. North of Bray Head it appears in the cliffs, dying out near
the beach at the Shanganagh river, as already mentioned. South of
Greystones, at the top of the gravel, a few fragments of Mytilus modiolus,
with adherent epidermis and a portion of Tapes virginea, were the only
fossils obtained.

Between Greystones and the Head the gravels overlie sands, to which
they are presently seen to lie unconformable, the sands and pebbly seams
beneath exposing strong current bedding, at an angle of about 20®, for a
short distance, when an irregular'mass of limestone debris appears, resting

upon a thick bed of dark clay, with seams of sand and small gravel, exhi>

biting much contortion—even to the doubling of the seams upon them-
selves—the overlying debris pressing down into the hollows left by thq
contortions. • 4

Evidences of water sorting are very prevalent all through the mass in
the seams of pebbly sand which are interspersed in the drifts. Small
fragments of shells are not uncommon in the gravel, especially in the
rise above the line of railway before it enters the tunnel (Astarte sulcata
and compressa, Cardium echinatum, Teilina and Gyprina), but are seldom
determinable.

The like conditions are found north of Bray Head, where the gravel
and bedded seams are seen to pass down to the sandy marls before men-
tioned. The bivalves just referred to are present here also, with a fiaw

pieces of Purpura and Turritella.
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From the results obtained and described in the foregoing notes it
would appear that

—

1st. The Wexford gravel series proper are the sole remains of a Series
of sands and gravel deposited in an arm of the sea. occupying a channel
open^ out from a southern direction prior to the existence in this neigh-
bourhood of the Sianey and Ovoca rivers, their fauna indicating their age
to be immediately pre-Glacial.

2nd. That the gravel beds in Killiney Bay are of newer age,^ and
the contents do not bear out the suggestion that has been made as to their
being coequal in time.

3rd. That the series of marls, clays, and brick earths of the coast had
their origin and were formed*subsequently under submersion, and are the
newest deposits of all.

’ •

In a final report I propose to give a resume of the Irish fossiliferous

drifts in general, with a view to their bearings upon the distribution of

the mollusca in other parts of Britain.

ReptrH of the Committee^ consisting of Professors McIntosh
(8ecretaT'$)^ Allman, Lankestbr, Burdon Sanderson, Cleland,
Ewart, Stirlino, and McKendrick, Dr. Cleqhorn, and Dr.
Traquair, for continuing the Researches on Food-Fishes at the

St, Andrews Marine Laboratory,

Since September 1887, the period included under the present grant,

considerable additions hav^e been made to the researches on the

development and life-histories of the food-fishes. Thus the larval

stages of the gadoids have been followed to the early post-larval

stages, so that a fairly complete history, in several instances, can now
be produced. Nevertheless it is true that in the earlier post-larval

stages of the round fishes, it is difficult, e.y., to distinguish between the

cod, haddock, and whiting; at least this may be predicated of all the

post-larval forms hitherto procured in May, the period when they first

become conspicuous in the large mid-water net. It is only when the

pigment assumes its definite character, for instance, the tessellated

condition in the young cod, or when the barbel appears, and the fins

become clearly outlined, that certainty is reached. In the case of the

young cod, recognition is readily made on June 1, though the pigment
has not yet assumed the distinctive tessellated condition

;
and the

diffeitences between this species and the young green cod at an early post-

larval stage were also minutely examined this season.

^
Though it cannot yet be proved that a general migration of the young

roun^ fishes, e.^., cod, haddock, and whiting, takes place from deep to

shallow water, there are certain facts which bear upon such a habit.

Thus, the post-larval cod are rarely met with on the grounds frequented

by the adults, but appear in considerable numbers at a somewhat later

stage in St. Andrews Bay, and jn June at the margin of the tidal rocks

at low water. As formerly mentioned, they increase in size as the season

advances. Some remain for a year off the rocky coasts, and are caught

* Whether these Killiney gravels correspond to the Middle drift of the English

and North Wales districts is not clear. I hope to trace the connection, if any, in

the final report. At present the evidence is rather against than for such being

the case.—^A. B.
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(as rock.cod) Ibj hand-lines; while others of the same ‘size, but having a
less ruddy hue, abound at a somewhat greater distance from shore, e.y.,

south-east of Girdleness in Aberdeenshire, and off the Bell Bock, e.nd are

caught in numbers by both liners and trawlers. The large cod frequent

the deeper water at some distance from shore as a rule, though ju pur-

suit of herrings they approach the shore more closely at certain seasons.

The post-larval stages of the haddock have hitherto escaped recogni-

tion
;
though G. 0. Sars speaks of distinguishing the early post-larval

haddock by their shorter and stouter form as contrasted wi^ the young
cod.

« . .

*

The life-history of the whiting has especially been elucidated during
the year, and further additidns made to the" post-larval stages ofthe ling.

It is interesting that two yellowish longitudinal bands occur along the
sides of the former in the adult condition, especially in connection with
the characteristic yellowish larval pigment. The development of the
Clupeoids of the bay has also been followed, and observations made on
their growth. The larval and post-larval stages of the sand-eel, so very
abundant in the bay, have likewise been studied.

Amongst flat fishes (Pleuronectid®), the post-larval stages of the com-
mon flounder, the long rough dab and other forms, have been examined,
and their life-histories followed more or less completely. The eggs
apparently of the sole have been found late in summer near the surface of

the bay, and though the adults are few, there is no reason why they should
not be increased by artificial aid, such as the introduction of a number of
adults from Scarborough and other convenient localities. The food of
the sole is very abundant in St. Andrews Bay, and the only difficulty

will be competition with the hardy plaice so numerous in this ground.
The post-larval stage apparently of the turbot was procured towards the
end of August, and is remarkable for its peculiar yellowish coloration.

Several unknown eggs probably belonging to the same group (Pleuronec-
tidffi), and which were first met with in the trawling expeditions of 1884,
were also again observed, and farther steps made to their identification.

A post-larval Lahriis macidatus, 11 mm. in length, procured by the mid-
water net in September, showed some interesting features in coloration,

the chief being a series of white touches on a greenish ground, with
brown bands on the head. The soft rays of the dorsal fins have not yet
attained the proportionally elongated condition of the adult organ. The
pectorals are large, and their rapid vibratory movement resembles that of
Sippocamptts and the Sygnathidae. A brown bar marks their basal region,
which in this and many other post-larval fishes is much larger in pj^opor-

tion than in the adult—a condition probably connected with increased
functional activity. The ventral fins are opaque white, with a brownish
belt in front (anterior rays). The anal fin, like the dorsal, has a brown
patch in front. None of the blue, yellow, or orange, so common iuf the
adult, has yet appeared.

Additional observations have also been made on the spawning period
of various fishes about which little is at present known, such as the bass,

Yarreirs blenny, wrasse, &c. Remarkable cases in which mussels {MytUm
edulis) have grown to a considerable size on the branchiro of the ^ddock
have Ukewise been observed.

Besides the food-fishes, farther advances have been nlfede on the
development of the gunnel, the adults of which remain with their ova in

holes (e.g., those bored by Pholas) in rocks, and[ on the larval and post-
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larval stages of Agoutis, Motella, and other forms. The early post-larval
stage of Agonus is peculiar from its fusiform outline and yellowish colora-
tion. The former is due to the great median development of the marginal
fin dorsally and ventrally. The post-larval condition of Liparis montagui
has likewise come under notice when about 10 mm. in length. The noto-
chord stitl projects superiorly from the tip of the tail, and the hypural edge
is almost vertical. The caudal region, with its fin-rays, is bluntly conical.

A marked feature is the elevation of the first region of the dorsal fin and
its wide^ rays, a difibrentiation, porbaps, indicating the relationsHip with
a form in which such is present in the ftdult. The head and cheeks have
a few black specks, and these also occur on Jhe anterior region of the
body. The pectorals are speckled in a similar manner. The elongated
rays of these fins are not yet dev.eJ4)ped, so that this is a subsequent cha-
racter. Their margins trend evenly from the anterior part of the sucker
backward and upward. The difference in regard to the size of the eye
of such a species as this and one of the post-larval gadoids is marked, the
large eyes of the latter being diagnostic, and probably associated with
their greater adroitness and activity in catching minute prey.

The researches- on the development and life-histories of the food- and
other fishes made ^by the Secretary (Professor McIntosh) and Mr. E. E.
Prince, B.A. (Cantab.), comprising upwards of 400 pages MS. and 31
quarto plates, containing many coloured figures, have recently (Juno 18)
been communicated to the Royal Society of Edinburgh.
A special research was carried out by Mr. E. E. Prince on the

Morphology of th^ Limbs of Teleosteans, and illustrated by three quarto
plates. This work, like that already published or about to be published,

reflects great credit on its author, both for the careful nature of the
observations and the beauty and accuracy of the drawings.

Another investigation, no less able, is that of Dr. Marcus Gunn, M.A.,
M.B/.C.S., one of the surgeons of Moorfields Hospital, London, on the
Embryology of the Retina of the Teleosteans. A preliminary paper on
this important subject appears in the ‘ Annals of Natural History * for

this month (September)

.

Professor D. J. Cunningham, M.D., M.R.I.A., is also engaged on the
Development of the Teleostean Vertebral Column

; while Professor
Burdon Sanderson and Mr. Gotch * carried on during the summer an
investigation (in the living skate) of the caudal electrical organ. Many
embryo skates have since been sent to Dr.*Minot of America and Professor
Ewart for microscopic purposes in connection with this research and
other investigations. Mr. Kennedy, B.Sc. of Glasgow University, also

spent a few weeks in working at the development of the haddock, and
Mr. Grabham, B.A. of Cambridge, a similar period in examining the

spinal nerves of the cod.

OnOfpf the most interesting results of the steady use of the mid-water
and other nets for some years in St. Andrews Bay and elsewhere has
been the testing of the Pelagic life at various seasons, so as to elucidate

the nature of the food of the post-larval food-fishes, and also thi'ow light

on other questions. For the year 1888 the continuation of this work
has been specially undertaken for the Fishery Board for Scotland, and
will therefore be dealt with elsewhere. Independently, however, of the

bearings of thp fauna and flora (diatoms, &o.) pn the food of fishes, some
remarkable forms have come under notice, and the growth and habits of

* Vide Proo. Bog. 8oc., 1888.
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others less rar^ have also hoen periodically noted. No gronp is more
interesting in this respect, perhaps, than the Ctenophores, and certainly

none is more abundant. Besides the ordinary forms at all stages, a new
British species, viz

,
Lesueuria vitrea, M. Ed., has been procured in ,St.

Andrews Bay in great profusion and for an extended perio^d. The
examples ranged from the most minute up to those 2^ inches in length,

but of all the British Ctenophores, or even Medusas, it is the most delicate.

The mere pouring of the water containing it from one vessel to another
is sufficient to rupture it irretrievably, and indeed any undue coffimotion

in the water has the same efiectf. It is well known as an inhabitant of
the Mediterranean since jt was originally described by Milne Edwards,
and it has also been found on the Ameriean coast by Alex. Agassiz. ' An
allied form, again, was procured on the shores of Norway by M. Sars.

During this summer, also, the great abundance of the ecto-parasitic

larvas of Peachia on Thaumantias has been a conspicuous feature, and
many have been preserved for the further researches of Professor Haddon,
M.A., D.Sc., M.R.I.A., who this month (September) contributes an
interesting paper on the subject to the ‘ Annals of Natural History.*

In the winter, numerous examples of the common star-fish {Astenaa
rv.hens)t brought from the bay on the lines of the fisher/nen, showed many
ecto-parasitic crustaceans (Podalirius typietcSy Kroyer)! These generally
adhered by the posterior legs, with their bodies projecting at right
angles from the rays of the star-hsh. In previous descriptions of this

form the habitat seems to have been overlooked, for Spence-Bate and
Westwood simply state that it was procured in the Eorth, upon a shell

brought up by a haddock-line, and in the recent catalogue of the Mediter-
ranean Fauna ^ no allusion to commensalism occurs.

Further observations have also been made on the development and
life-history of the common mussel, which forms a valuable ‘ bed * in the
ostuary of the Eden. These have chiefly been carried out by Mr. John
Wilson, B.Sc., who lately published an important paper with four quarto
plates on the subject in the Fifth Annual Report of the Fishery Board for

Scotland.*-*

Mr. Herbert E. Durham, B.A., lately Vintner Exhibitioner at Cam-
bridge, continued the interesting researches of last year on the Amoeboid
eorpuscles in the star-fish, and also on the madreporite of Orihrella

sanguinolenta.^ .

Besides the use of the yacht * Dalhousie,’ the services of the steam
tender ‘ Garland * were placed at the disposal of the Secretary for spme
days by the courtesy of the Fishery Board for Scotland for work in the
deeper water at a distance from shoije. Certain well-known fishing and

‘ Prodro7H,u8 Faurim MediterranecBy pars ii. p. 390, 1886.
* Previous to a lecture on this subject in the University of St. Andrews in

November 1883, the Town Council requested the convener to give a repoi^; dealing
with the preservation and increase of the mussel-beds of the Eden. The work for
H M. Trawling Commission, however, supervened, and occupied the whole of the
following year. Thereafter the subject was .steadily kept in view, as indicated in
the Third Annual Report of the Fishery Board (1886, p. 67). A short abstract was
also published in the AnnaU of Natur^ flutory for February 1886. It being appa-
rent that a thorough knowledge of the development and life-history of the species
was indispensable for advancing the subject on a sound basis, Mr. John Wilson took
up this portion of the work, his observations being published in the Fourth Annual
Report of the Fishery Board (1886, p. 218), and next year in the Fifth Report with
three quarto plates (1887, p. 247).

* Proc, Boy. Soo. January, 1888.
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trawling grounds T^^re thus examined in connection with the observations
on the development and life-histories of the food-fishes.

Considering the importance of the work in relation to our knowledge
of the food- and other fishes, and the advances in Invertebrate Zoology,
the Committee beg to recommend a renewal of the grant (60?.j for the
ensuing year.

Fourteenth Report of the Gommitteey consisting of Drs. E. Hull and
H. W. Crosskey, Sir Douglas Galton, Professor G. A. Lebour,
and Messrs. James Glaisher, E. B. Marten, G. H. Morton,
W. Pengelly, James Plant, J. Prestwick, I. Egberts, T. S.

Stooke, G. J. Symons, W. Topley, Tylden- Wright, E.
Wethered, W. Whitaker, and C. E. De Eance {Secretary)^

appointed for the purpose of investigating the Circulation of
Underground Waters in the Permeable Formations of England
and Wales^ and the Quantity and Character of the Water
supplied to various Towns and Districts from these Forma-
tions, {Drawn up by C. E. De Eance, RepoHer.)

The drought to which your Committee drew attention in their report last

year was continued up to June of the present year, and had a very marked
influence in diminishing the volume of water yielded by a large number
of springs, and a very considerable diminution of the supply afibrded by
the remainder, over the greater portion of the central area of England, an
area in which underground stores give the larger proportion of the daily

water-supply of the population.

Much useful information has been obtained as to the amount of dimi-

nution experienced, but it has been thought advisable to combine it with
information now being collected, showing the effect of the recent heavy
rains in re-charging the underground stores.

Statistics of, this nature collected during the past season, probabljr
the most exceptional season of the present century, will necessarily have
a permanent value in future calculations as to the actual yield likely

to be obtained from a given area after successive years of minimum,
rainfall.

It has been thought advisable to defer publishing the information-

already obtained until next year, when it can be given in a more complete-

and useful form. Your Committee hope that the attention of the Dele-
gates of the Associated Scientific Societies may be drawn to the import-
ance of this inquiry, and that local observers will give special attention

to thq'^date at which the springs of their neighbourhood diminished in

yield*and subsequently increased
;
the date at which any springs ceased

to flow, and that on which they recommenced ;
the amount of flow of

any springs either daily, weekly, or monthly
;

similar records of tbo
iieights of the water in wells and borings, whether for long or short

periods. The value of such observations would be much enhanced if

descriptions be given that will enable the locality to be identified on the

one-inch map of the Ordnance Survey and tne levels referred to the

Ordnance Datum.
Your Committee seek re-election, but do not require a grant to carry

on their investigations.

1888. L
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Report of the Committee, consisting of Mr. John Cordeaux (8ecre^

tary), Professor A. Newton, Mr. J. A. Harvie-Brown, Mr.
William Eagle Clarke, Mr. K. M. Barrington, and Mr. A.

G-* More, reappointed at Manchester for the purpose of
obtaining (with the consent of the Master and Brethren of the

Trinity House and the Gom'igiissionefrs of Northern and Irish

Lights) observations on the Migration of Birds at Lighthouses
and Lightvessels, ahd of reporting on the same,^

r

Altogether about two hundred lighthouses and lightships on the coasts

of Great Britain and Ireland, and the outlying islands, were supplied

with printed tables for recording the movements of migratory birds. The
collected results of the observations have been again published by the
Committee in their ninth report. There has been a considerable increase

in the number of schedules sent in, and it is satisfactory to no^ that
the majority of the returns show increased care, and much intelligent

interest on the part of the observer.

Commencing with the east coast of Scotland, Mr. John Nichol, the
principal of the North Unst Lighthouse, reports that several pied-ravens,

presumably visitors from the Faroes, were seen in June and July near
Lerwick ;

one of these had white wings, another with white head and tips

of wings, others also variously marked.
'At the Pentland Skerries a cirl-bunting was obtained on November 2.

This species has only been recorded four or five times in Scotland, and
never so far north in the country.

At the same period there was at this station a large ^rush * of field-

fares, redwings, thrushes and blackbirds, gold-crested wrens, snow-
buntings and woodcocks with a south-east wind. A hoopoe was also

seen on October 9.

Between the middle of August and up to October several pied-
flycatchers are also recorded at Pentland Skerries.

A considerable number of schedules from the chief statio^ns on the
east coast of Scotland have been filled, with the movements ofrae gannet,
and these, with other accounts already published, will, at some future
date, constitute materials for a thorough treatment of the wanderings of
this species, and their relations to the migration of the herring in the
northern seas.

The number of schedules sent in from thirty-four stations on the
east coast of England was eighty-four.

After January 2 depressions of a very considerable size passed by
our north-western and northern shores, with sudden changes oL tem-
perature of an unusual character, and great magnitude ; showers of cold
rain, sleet and hail, from day to day, and very severe frosts at night..

There are very clear indications in the diary of migration that a * great
rush * of birds, going southward along the coast, was concurrent with
these atmospheric disturbances. The birds chiefly noted being fieldfsires,

blackbirds, thrushes, redwings, larks, chaffinches, linnets, starlings, and
some crows.

* * Report on the Migration of Birds in the Spring and Autumn of 1887.’ McFar-
lane and Erskine, 19 St. James’s Square, Edinburgh.



147ON THE MIGBATIQN OF BIBDS.

In the latter part of February and throughout March there are
indications of the passage of crows, rooks, daws, starlings, larks, and
others to^the Continent

; also the same species moving in the reverse
direction to the south-east coast of England. Great numbers of star-

lings, thrushes, and larks were observed at ^e lanterns at night, show-
ing that the movement was very general and of very considerable extent.

A remarkable * rush ’ of the smaller Summer visitants occurred on
the south-east coast, from Thanet to Hunstanton, at early morning of
April *29. A very strongly-pronounced movement was also observed
at Hanois L. H., Guernsey, on May £, ^.nd on the 3rd and 4th. There
were extraordinary ‘rushes * of summer immigrants at the Eddystone and
Hash stations; and at Helwick. L. V., South Wales, on the 5th, when
wheatears, whitethroats, sedge-?yarblers, willow-wrens, wood-warblers,
blackcaps, reed-warblers, redstarts and pied-flycatchers, and also some
swallows, were killed, some of these in considerable numbers

;
the weather

at the earlier period, April 29, being very rainy and unsettled in the
south-east, and very cold over England, with north-east winds. On the
30th, there was a thunderstorm in the south-west of France, with very
cold, unsettled, and rainy weather generally in the south of Europe.

The autumn movement of birds commenced early in July, but did not
become very distinctly pronounced before the beginning of August. One
of the most interesting features of the autumnal migi*ation has been the
simultaneous occurrence of the pygmy curlew (Tringa subarquata) and
the little stint (T, minuta) on the coast, between the Tees and Yarmouth.
The former is firgt recorded from Redcar on August 16, and from the
Spurn on August 23 ;

the little stint on the 25th.

The woodcock is first recorded at Seaton-Carew, Durham, on September
19, and at Cromer L. H. on the 25th from 12.30 to 2.30 a.m. (S.E. 4).

Oiir observer, Mr. Oomben, says, ‘ I never saw so many woodcocks at

one time before
;
there seemed to be a constant stream flying round the

lantern
;
none struck.* Woodcocks appear to have come in at irregular

intervals between September 30 and November 3, the great ‘ rush * or
flight, on the 9th, 10th, and 11th of October. It is somewhat remarkable
that the only notice of this species on the east coast of Scotland occurs
at the Pentland Skerries and Dunnet Head L. H., Caithness, early in

November and again in December.
Throughout September there was a steady, and almost daily increasing,

migration observed at the east coast stations, and from the 29th, through-
out October, and to November 3, an almost continuous night and day
rush of immigrants, the chief of those recorded being crows, rooks, daws,
starlings, larks, chaffinches, linnets, and sparrows; much the greater

proportion of the entries in the schedules during this period consisting of

these readily distinguishable species. The weather during the period of
this great and continuous ‘ rush * was up to October 25 mainly anti-

cyclonic, cold, quiet, and dry
;
the prevailing winds, north and north-

easterly ; after the 25th, cyclonic, with west and south-westerly winds,

wet, rough and milder. The average temperature of the month was
much colder than the correspbnding months in the two preceding years.

There is no evidence that the change of weather and of the wind after

^e 25th had the slightest influence in controlling the migratory move-
.ment, birds continuing to arrive in undiminished numbers.

The direction and force of the wind at the time appear to have little

effect in controlling the great autumnal ‘rushes,* for when the period of
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the year has arHved birds cross the North Sea independent of weather.

There can, however, be no doubt that the prevailing wind at ^e time of

crossing is an important factor in governing the direction in. which
migrants travel, and the angle at which the line of flight will intersect

the coast. To changes of ^mperature, either sadden or more gradual,

rather than the force and direction of winds, we must probablylook for

the impelling cause of these seasonal phenomena. After the 3rd and to

the 19th of November birds continued to arrivoj but in greatly reduced
numbers, the throbs and pulsations of the great inrush becoming daily

mofe feeble and less sustained.
*

On the west coast’ of JEngland migration, although considerable in

October, was more strongly pronounced in November, particularly from
the 7th to the 19th. On the afternoomef the 11th an anti-cyclonic period

commenced, and prevailed, with little break, until the 17th. And there

were important general movements on the lltb, 13th, and 14tb, and on
the 17th and 18th at south-west stations.

The entries in the schedules show that swans and geese have been
remarkably scarce, brent geese fairly numerous—ducks of various species

have occurred in unusually large numbers in all favourable locsdities.

The common scoter in enormous flocks, also several v^elvet scoters, and
very considerable numbers of the long-tailed duck ha /6 visited the coast
between the Farn Islands and Yarmouth. A bearded reedling (Panurus
hiarmicus) was seen at the Languard L. H. on February 16, at 7.40 a.m.,

and at Yarmouth on November 13 many are said to have come in at a
great height from the east. •

Amongst the rare and more interesting wanderers to our shores we
may notice the occurrences of Temminck’s stint at the Spurn and the
oared-grebe at the same place, Richard’s pipit on the Lincolnshire coast,

the Alpine swift, avosets, and the pectoral sandpiper of America near
Yarmouth, also an osprey obtained at the Cromer Lighthouse. The
isabelline wheatear, a spring visitor from the south to south-eastern
Russia, was shot at Allonby, Cumberland, on November 11.

From the Irish coasts the schedules received from the light-keepers
in 1887 were perhaps the best and most carefully filled of any year so far.

They number about 70 besides many letters inquiring the names of par-
ticular species or remarking on special movements of birds. These have
been furnished by about 30 stations situated all round the Irish coast.

Over 150 legs and wings and specimens in the flesh have been received,
being a larger number than on any previous occasion. This is satisfac-

tory because the species can be ascertained with certainty.

Two birds have been added to the Irish list, i.e., the Lapland
bunting and the red-breasted flycatcher. The former was found dead
at the Fastnet Rock Lighthouse, October 16; the latter was killed
striking the Arklow South Light-ship on October 23. Botha speci-

mens were forwarded in the flesh. A magnificent old male Falco can^
dicam was shot by the light-keeper on the Great Skelly Rock, co.

Kerry, on September 28. This bird is occasionally met with on the
west coast of Ireland at light-statiods, and the inquiry has shown that
it occurs more frequently than was formerly supposed.

Among other rarities received may be mentioned a redstart from
Fastnet (a rare species in Ireland), killed October 5 ;

a and
spotted crake from the Tearaght Rock, co. Kerry, also killed in October

;

and a hoopoe from Eagle Island, off Mayo (April 12).
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Of the warblers tbe sedge warbler strikes tbe lanterns more fre-

quently than any. other, but the western and northern stations are almost
' H blank, few warblers striking.

The great bulk of the summer migrants arrive in Ireland on the south
coast and the southern portion of the east coiast below Drogheda.

During the second and third weeks of November the waterrail was
forwarded'from stations all round Ireland. It has not occurred in such
numbers before.

A large immigration of the siskin and brambling took place in
October and November. These birds have seldom been received from
the light-keepers until 1887.

Tbe autumn rushes of most' species were on a larger scale than usual
in 1887, and both summer and \Wliter migrants seem to prefer the south-
east portion of Ireland when arriving. The snow-bunting is one of the
few birds which is rarely met with during the season of immigration on
our south-east coasts.

The woodcock seldom strikes tbe lanterns anywhere.
' So far as waders are concerned there is no clear evidence derived from

the light-stations to show that they arrive in greater numbers on our
northern station^^in the autumn than on the south-east and south coasts^

This inquiry has now been continued for nine years, and an immense
number of facts have been collected and brought together in the Annual
Reports in connection with the seasonal movement of birds on the British

coasts. The value of the materials thus acquired has been very consider-

ably increased by the wings and legs sent in from the lighthouses and
lightvessels of birds killed against the lanterns. Your Committee are

aware that if this iuquiry is to lead to any practical scientific results, much
yet remains to be done; they would, therefore, respectfully suggest that

the collection of further facts and materials should for the present be
suspended, and an attempt rather be made to utilise, digest, and classify

the mass of information already at their disposal. This your Committee
are anxious and willing to undertake, and have already made arrange-

ments for carrying into effect, so as to show in a concise form the results

both statistically and otherwise on strictly scientific lines, and in as con-

densed and clear a method as possible.

The Committee have much pleasure in stating that one of their number,
Mr. William Eagle Clarke, of the Museum of Science and Art in Edin-
burgh, has undertaken the laborious task of thus reducing the mass of

observations collected. This will not be executed from the reports already

published, but from an examination de novo of the schedules sent in.

When it is accomplished, the question of publishing the results will arise,

and the Committee trust that, if necessary, the aid of the British Associa-

tioa__ni»y_agam be successfully invoked. The Committee are quite

sensibie of the liberality with which the Association has for so many
years responded to, and even more than once anticipated, thein.demands,

and have to express their gratitude for the generosity not only of the

Ass(Mnation, but of private individpals towards their investigations ;
but

the Committee must point out that* the crowning work has yet to be

done, and, while abstaining at this time from any implication for pecuniary

^hfelp, they hope that it may be forthcoming, if required, at some future
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Report of the Committee^ consisting of Professor W. C. Williamson
and Mr. W. Cash, appointed for the purpose of i/nvestigating

the Flora of the Carboniferous Bocks of Lancashire and West
Yorkshire, {Drawn up by Professor W, C. Williamson.)

As 1 liad occasion to report to the Association at Manchester la^t year,

much labour has now to be expended in order to reap a very small

harvest. Our many years of persevering research have well-nigh ex-

hausted the supply of lihe, more conspicuous facts connected with the
organisation of the Carboniferous vegetation. At the same time there is

still much respecting which more information is needed, and the work of

the past year has not been devoid of some important observations.

One of the most curious structural and physiological facts revealed

by the study of the exogenous Carboniferous Cryptogams relates to the
development of their conspicuous piths. This is especially the case

amongst the arborescent Lycopodiaceos. I have from time to time
called attention to some curious facts bearing upon this matter: I have
shown that in the young twigs of some of these plants the central

Vascular bundle, corresponding to what the late Professor De Bary would
designate as the * leaf-trace* in contradistinction to a Canline one, is

composed of a number of scalariform vessels, as is the case with the twigs
of many of the living Lycopodiacero. But unlike these living represen-

tatives of the group, there lurked in the centre of each of these palaeozoic

bundles, an invisible germ or germs of a parenchymatous tissue which
developed as the plant grew, and ultimately expanded into a conspicuous,

persistent pith of large dimensions ; not only so, fcut portions of this

medullary tissue assumed the functions of a Cambium by developing
additions to the vascular ring by which it was surrounded. Botanists
will at once recognise the differences between this mode of development
of a medulla and what occurs amongst ordinary living Exogens.

,

Some of my most important results obtained during the past year
consist of new facts relating to this curious physiological and morpho-
logical feature of the PalsBOzoic Flora

;
explanations which I previously

advanced hypothetically now assume the appearance of unquestionable
truths. Hence I believe I am now in a position to publish what I hope
to do with little delay, viz., a fairly complete history of the anomalous
development of these palssozoio medullary organs.

Report of the Committee^ consisting of Professor Kay Lankbster^
Mr. P. L. ScLATER, Professor M. Foster, Mr. A. SEDdViCK,
Professor A. M. Marshall, Professor A. C. Haddon, Professor

Moseley, and Mr. Percy Sladen {Secretary), appointed for the

purpose of arranging for the occupation of a Table at the

Zoological Station at Naples,

Your Committee have to report several notable advances in the scope ofthe
Zoological Station, which give promise of important results ih the future.*^^

The past year has been marked by the opening of the physiological
laboratory, which occupies a new and handsome building adjacent to.
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and nearly as large as, the original Station. The progress of the work
has been mentioned in several previous Reports ; and the Direction is now
to be congratulated on the completion of this costly undertaking. Most
of the rooms are already occupied.)

A ^bacteriological laboratory, which is placed under the direction of
Dr. Frank, formerly assistant to Professor Koch, was opened on May 1.

This department, which is especially maintained by Italian contiibutions,

and is intended to promote a knowledge of marine bacteria, will in the
first instance co-operate with the local efforts to investigate the sanitary

condition of the Port of Naples and the neighbouring coast. Two or
three naturalists are now devoting themselves to these researches.

The chemical department of the physiological laboratory has been
completed under the direction pf Dr. W. v. Schroeder, of Strashurg, who
has previously carried out physiological investigations at the Station.

Several universities and states are already taking an interest in this

department—a circumstance which it is anticipated will contribute
towards the success as well as the support of the new branch.

Investigations of a practical bearing on the fishery industry, carried

out primarily at the instigation of the Italian Ministry of Agriculture
and Commerce^thave been prosecuted with energy. An important memoir
on the question ofthe propagation of fishes and the nature of their ova has
been published in the ‘ Mittheilungen * and the official ‘Bulletin,* by
Dr. Raffaelo, of Naples, one of the assistants in the Station. Special

arrangements have been made for these studies in the new building and
the researches /ire being carried on actively. Additional proof of the
urgent need of such practical investigations was furnished by an agita-

tion on the question of trawl-fishing, which was got up last year in

Naples and the neighbourhood, and resulted in numerous contradictory

demands being addressed to the Ministry upon the subject.

Several officers belonging to th& Italian and Russian navies have
received instruction during the past year in the methods of collecting

marine animals and plants. These gentlemen are now embarked on men-
of-war, and interesting results may be anticipated from the labours of
collectors thus thoroughly qualified.

During the past year two tables have been taken by Austria. This
circumstance is especially significant, as hitherto when applications were
made either by Austrian naturalists or by Professor Dohrn himself to the
Austrian Government, soliciting the engagement of a table in the Naples
Station, the applications have been rejected on the ground that the

existence of a zoological station at Trieste rendered it unnecessary for

Austria to lease a table in the Naples Station. It was urged against this

argument that the Naples Station ought to be considered as a central

institution, and that whatever local institutions might be founded, the

international character of the Neapolitan establishment rendered it not
only desirable but necessary to secure a footing there. At last two tables

have been taken, in consequence of a collective requisition made by the

four Austrian universities, in which it was stated that in spite of possessing

a zoological station at Trieste thd participation of Austria in the Naples
Station was still desirable ;

its highly-developed organisation, the richness

of the local fauna, the excellence of the library, and the association there

of Bcientii^d workers from all countries, rendering such a participation

necessary in the interests of Austrian naturalists.

Negotiations for securing three tables for Spain are proceeding, and
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a royal decree charging the Ministry with direct propositions to Professor

Dohrn has been published.

The Ptihlications of the Station.—The progress of the various works
undertaken by the Station is here summarised :

—

1. Of the ‘ Fauna und Flora des Golfes von Neapel * the follpwing

two monographs have been published since the last Beport

:

XV. O. von Koch, Oorgonidce.
^

XVI. H. Fisig, Gapitellidce. '

^

The plates for the following works are in the press : Falkenberg on
‘ Rhodomelem *

;
Spengel on * Balaifbglossas *

;
Della Valle on * Amphi«

poda ’
;

Giesbrecht on ‘ Oppepoda ’
;
and Vosmaer on ‘ Porifera inoaU

carea.’ The text for the last-mentioned work will be in English.

2. Of the * Mittheilungen aus der Zpelogischen Station zu Neapel,’

vol. vii., parts ii., iii., and iv., with 24 plates, have been published.

3. Of the * Zoologischer Jahresbericht ’ for 1885, parts i. and iv. and
a ‘Nachtrag (Vermes) * have been published; and the whole ‘Berioht*

for 1886 (dealing no longer with systematic and faunistic papers).

Extractsfrom the General Report of the Zoological Station.—The officers

of the Station have courteously famished lists (1) of the naturalists

who have occupied tables since the last report, (2) of the "v^^rks published
during 1887 by naturalists who have worked at the Zoological Station,

(3) of the specimens sent out by the Station during the past year. These
details show a large increa.se in the number of naturalists who have worked
at the Station, as compared with any previous year, and an increase also

in the total value of the specimens distributed. •

The British Association Table.—Three naturalists have occupied the
British Association Table daring the past year. Mr. John Gardiner, who
bad occupied the table for five months during the preceding year, was
still in possession at the commencement of the past year, and had intended
to occupy the table until December, ^n accordance with the permission of
your Committee. Unfortunately a dangerous illness prevented the carry-

ing out of these intentions, and the climate of Naples being considered
unsuitable for Mr. Gardiner’s restoration to health, he was obliged to
resign the table after occupying it a little more than two months in the
year with which the present report is concerned. Mr. Gardiner sent an
interesting report on the result of some of his work to the Committee,
which was submitted at the last meeting of the Association, and the
supplementary report on the remainder of his occupation, which Mr,
Gardiner has sent from Colorado, will be found appended.

The use of the table has been granted during the past year to Mr.
Andrew David Sloan, of Edinburgh, and subsequently to Professor R. J.

Anderson, of Queen's College, Galway, both of whom have furnished
reports on the nature of their investigations. The reports are appended.

Your Committee have received two applications for permission tomse
the British Association table during the current and coming year, which
they approve

;
and hope that the Council will enable them to sanction

the applications by renewing the grant (lOOZ.) for the ensuing year. In
the opinion of your Committee the repdrt now submitted fully justifies

them in strongly recommending the renewal of the gpant.

I. Report on the Occupation of the Table, by Mr. John Gardiner.

Soon after the date of my last report, I began to study the local,

species of Sargassum. At first I merely familiarised myself with the
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histology of the plant, then later ? investigated^ the development of the
‘ Fasergnibchen,* on which subject I am disposed to come to conclusions
opposed to those of Yaliante in his monograph on the Cystoceirce. But
the greater part of the time was employed in investigating the develop-
ment of^ the reproductive organs, and of the embryos of Sargassum. I
was able to follow the development of the antherozoids up to the time of
their discharge, which, however, I did not see. I also followed out the
development of the oosphere, but did not observe the process of fertilisa-

tion. 1 reared and carefully observed a large number of embryos, which
in their early stages much resemble<| those of Cystoceiraj though many
exhibited peculiarities of cell-division and growth partly due to the con-
ditions under which they were grown. I had collected a large amount of
well-preserved material, besides drawings and notes from fresh specimens,
and it was my hope to have sufficient for a monograph of the Mediter-
ranean species of the genus.

My health, however, which had been failing for some time, finally

compelled me to leave Naples on August 20, 1887, four months before
the end of the period granted me by the Committee. I hoped to be able

to return after a short rest, but I was disappointed. Since then 1 have
been unable to d^ any work, and for that reason I beg the Committee to

excuse the brevity of this report.

I must express my gratitude to the Committee for the great privilege

they granted me in allowing me to study at Naples, and my regret that

1 have been able to do so little work. I wish also to express my thanks
to Dr. Dohrn and the staff of the Zoological Station ‘for the great
kindness which they showed tc me, as to everyone who studies there,

and for the valuable assistance they often gave me.

II. Report on the Occupation of the Tahle^ hy Mr. Andrew David Sloan.

For the past year I have been deeply interested in the subject of

electric organs. While assistant in the Natural History Department of

Edinburgh University my attention was directed to the so-called pseudo-
electric organs in the skate, and the large number of specimens obtained
for dissection by the students afforded me ample material for their study.

My interest in the investigation was greatly intensified by the confir-

matory work of Dr. Sanderson, which supported from a physiological

point of view the opinion urged by Robin after a study of its structure,

viz., that the organ in the rays hitherto regarded as pseudo-electric really

discharged the functions of an electric organ. I found, however, that I

should be greatly aided in coming to just conclusions regarding the organ
in the skates were I fully prepared for its study by a personal examina-
tion of the analogous organ of the Torpedo, which bad to a much greater

extent received the attention of histologists, and thus I welcomed the

opportunity of effecting this purpose, which the kindness of the Committee
afforded me in placipg at my disposal their table in the Zoological Station

at Naples.
Immediately on my arrival at £he Station on March 16, everything

was in readiness forme, and an abundance of living torpedoes (T. ocellata)

at hand, and I at once began my study of the electric organ, being guided

by the recent^,researches of Ranvier, *Babuchin, Boll, Krause, &o., in the

methods of treatment and observation. I was thus able to make pre-

parations which sliowed me the distribution and final terminations of the
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nerves, and gave me an idea of the minute structiire of the electric

plates. Of Wagner’s ‘ bouquet,* a name which well denotes the appearance

presented by the remarkable behaviour of the nerves before entering the

plates, and of the beautiful ramifications of the branches on the plate

itself, I made preparations, which, however, do no more than confirip the ob-
servations of feanvier. The final terminations of the nerve-twigs were well

brought out by the gold and silver methods, the former giving a positive

and the latter a negative picture of the terminal nerve-branchings. On
the disputed point as to whether ^the twigs from neighbouring branches
communicate so as to form a network, my preparations throw some light.

In many places a distinct, network is visible, although very commonly
the reticulation is only apparent, observation by means of a high power
and more exact focussing showing a>*want of continuity. It is quite

possible, however, that the want of continuity in these places is due to rup-
ture of the network during the treatment or to unequal action of the stain.

The ‘Punktirung* of Boll, corresponding to the ‘Palisade’ of
Eemak and the ‘ electric cilia ’ of Banvier and Giaccio, and of such
doubtful significance, is well seen in my gold preparations, being repre-
sented by rumerous violet-coloured points regularly disposed on the
terminal nerve-branchings. I am sorry that I have net yet had time to
make a careful examination of transverse sections of th6 ‘ electric plates,’

which would reveal the little rods or ‘ Stabchen * of which the ‘ Piinktehen *

are the inferior ends. I further regret this, as I might have been able
to express an opinion as to the nature of the intermediary layers of the
plate, in which Krause mentions the presence of sinuous fibres.

The organ in the rays, which must now be regarded as electric,

although functionally it is not of such importance as the correspoilding

structure in other electric fishes, would appear to be represented in all

the members of the group. I have found it present in the species JRaia

clavata, R. hatis, R. oxyrhynchuSf R. miraletusy Couch (=j®. circularise

Day), in all of which it is large and well developed, and in R. radiataj in
which it consists of a small slender cylinder. It was first noticed in
R. clavata by Stark (1844) and was later described by Robin in 22. clavatay

R. rubus, and 22. batis, while Professor Ewart, in a series of papers read
quite recently before the Royal Society, gives an account of the develop-
ment of the organ in the species 22. batisy 22. fullonicay 22. circulcmSy and
22. radiata. The form which occurred most commonly at Naples was
named 22. asterias in the Aquarium Catalogue, and is evidently identical

with our species 22. clavata. Making use of this form, I employed my
time in going over some of the ground already traversed by Robin in

following out the nerve-supply and geneml relations of the organ. The
results compared with the condition observed in the torpedo, and briefly

stated, are these :—The organ is long and cylindrical in form, and taper-

ing both anteriorly and posteriorly
; it occupies a position on side

of the tail for the posterior two-thir^ of its length. Its origin is in the
centre of the sacro-lumbar muscle, which after the appearance of the
organ gradually ceases, the electrical apparatus in like gradual manner
taking its place. Indeed, embryological research shows that the electrical

organ arises from a transformation of this muscle, in which the con-
tractile substance has undergone a change. It reaches its maximum
diameter about the beginning of the first dorsal fin, and after continuing
of uniform thickness for several centimetres it gradually diminishes
towards the tip of the tail, into which it, however, extends. In the
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torpedo, on the other hand, the electric organ is somewhat flat and
uniform in thickness, and occupies the entire region bounded laterally by
tlie bead and branchial sac and the margin of the body, anteriorly by the
anterior boundary of the body and posteriorly by the cartilages of the
pectoral fins.

In both forms the organ consists of a large number of pillars or
columns, but while in the torpedo these run vertically and occupy the
whole thickness of the organ, and are on the whole of a similar and
uniform diameter, in the rays they Mn longitudinally, are of variable

thickness, and have pointed extremities
;
nor do they extend the whole

length of the organ, but after a somewhat oblique course they very soon
die out. Indeed, the constituent elements of the electrical apparatus of

rays are much less regularly disposed than is the case with torpedoes.

The walls of the pillar consist of connective tissue, in which the nerves
and blood-vessels run, and in torpedoes adjoining columns maybe separated

from one another, but this I have not found possible in the rays.

The columns are found to consist of a large number of superimposed
plates, the electric plates, separated from each other by thin transverse

partitions of connective tissue, and on one side of these the nerves ramify

to a great extent and then terminate. In rays the number of plates is

much less numerous than in torpedoes, the individual plates or discs are
,

a great deal smaller in diameter, and of a much greater thickness ^ and,
|

further, the ramification of the nerves takes place on the ventral face of

the plate in torpedoes, while in rays it is on the anteriorly directed surface.

In the case ’of rays I have not been able to find any division of the

nerves to supply the plates corresponding to Wagner’s bouquet; they

seem rather to branch in the usual way, and distribute themselves along
the transverse partitions by which the columns are divided. In the
torpedo the nerves run from the partition to the ventral surface of the
electric plate, and there divid,e again and again very frequently in a
perfectly dichotomous manner ;

this ramification takes place pretty nearly

in the same plane, so that by simply placing the plate on a slide with its

ventral face upwards one is able to make a study of the nerve-branch-
ings. In rays, on the other hand, the nerves run backward from the
partition immediately in front of the plate, and on their way undergo
many divisions, and so reach it in the form of very delicate branches,

which run perpendicularly to the surface of the disc. This can only be
seen to any advantage in longitudinal or very oblique transverse sections

of the organ. Before giving rise to the fine perpendicular twigs the
branches of adjoining nerves anastomose, and frequently at the point of

union a large nucleus is present. It is not improbable that this ana-

stomo^s may correspond to the final branching and network in the plates*

of the torpedo, while the fine delicate twigs may have as their homologues
the ^ Stabchen* of Boll. What becomes of the nerve-fibres after they

reach ^he plate I have not been able to make out ; that they give rise to

a second reticulation, and by further division become smaller and smaller

and gradually pass into tbe substance of tbe plate as is stated by Schultze,

I have not succeeded in confirming, and consider far from likely, the

structure and development of the plate showing its elements to be

muscular, and not nervous, as Schultze maintained.

The disc on which the nerves end consists anteriorly of a finely

granular groundwork in which large nuclei are embedded
;
then follows

a layer of considerable thickness characterised by the presence of



156 BGFOBI—1888.,

numerous long wavy lines, which according to Schulfcze indicates 'B,

lamellar structure, and this in turn is followea by a still thicker layer of

^ finely granular substance containing large oval nuclei similar to that first

described, but excavated and tunnelled to such an extent as to receive

the name of ‘ Schwammkdrper * from an early observer. These 'layers
pass quite insensibly into one another, the striated appearance often

occurring on the trabeculaa bounding the vacuolations, and the oval nuclei

occasionally occurring amidst the sinuous lineations of the central por-

tions. The homologue would appeg.r to be the intermediary nucleated

layer in the plate of the torpedo in which Krause describes the presence

of transverse linear markings. As Robin has shown, the electrical

apparatus is supplied exclusively by spinal nerves, but a point of great
interest, suggested to me by Dr. Meyer} %i,nd which I hope some day to

investigate, is the question as to where the fibres originate. There is

strong reason to believe that they do not spring from the spinal column,
but have their source in the brain.

In observing the movements of the torpedo and of the skates in the
Aquarium I was struck with the difference in their modes of locomotion.

The torpedo employs the tail with its powerful muscles to discharge the
function of a propeller, while the skate makes use only bf the pectoral

fins, the tail remaining quite rigid and evidently serving to some extent
as a rudder. This fact appears to me worthy of remark, and brings into
prominence the importance of the organ in the skate, for it is inconceiv-
able that a structure involving for its accommodation the transference of
the entire function of locomotion to a different system of* muscles should
not subserve some very important function.

I frequently endeavoured to obtain a * shock * from the skate by
grasping the tails of living specimens, but although I have repeatedly
made an attempt both with the smaller specimens I got at Naples and
with the much larger forms which I secured when recently superintend-
ing the work of the ‘ Garland * for the Fishery Board for Scotland, I
never succeeded in experiencing a perceptible discharge.

But besides giving attention to the structure of the electric organs in
the torpedo and in the skate I devoted a considerable amount of time tO
the search for homologous organs among their nearest allies. This
appeared to be necessary in order to throw light on the obscure problem
as to how the transformation of a'muscular into an electric organ could
have been effected—a transformation which the researches of Babucbin,
and more recently of Ewart, prove beyond a doubt. It is clear that the
discovery of an imperfectly developed or of an abortive organ in any
member of a neighbouring group would aid greatly in the elucidatipn of
the question.

First of all I examined the organ in the skate, which M‘Donnell de-
scribed and regarded as the homologue of the electric organ in the tor^^O,
his work receiving a welcome recognition from Mr. Darwin ; but I find it

is present* in a well-developed condition also in, the torpedo, along with
the electric organ, and exists more oy less perfectly in other ElasmO'
branchs, e.g., in Squatina angelus and Musteltts laevis. Indeed, it is no
other than the thymus gland, and its structure has no characters in
common with electric organs. I studied it both in a fresh condition and
by means of sections, and find it both in its intimate stmctfiire and in
the nature of its contents to present a close resemblance to the thyroid,
so that it evidently performs a similar function.
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I further examined the tails of several other Elasmobranchs in
search of an organ homologous with that of the skate, but without
success. In Torpedo ocellata, T, marmorataf Mmtelus laevis, ScylUum
caniculay Notidanus cinereus^ Scymmts licliia^ the tails of which I carefully
studio^} I was unable to discover any trace of the structure so well de-
veloped in rays. The condition of the sacro-lutubar muscle in Squatina
angelus, however, is worthy of remark. Its outer part is quite different

in appearance from that nearest the vertebras, being divided by connec-
tive-tissue septa into a number of longitudinal columns. The resemblance
TO an electric organ is, however, purfely macroscopical, an examination of
the more intimate structure showing no traces 6f change from ordinary
muscle. The matter, nevertheless, is worthy of further attention, and it

is interesting to note that this peculiar condition of the muscle occurs in

a form which is intermediate between the round (Selachoidei) and the
flat (Batoidei) members of the Blasmobranch group.

Another question which I set myself to elucidate was in how far the
electric organ of the skates, which varies considerably in the different

species in form and size, and relation to surrounding muscles, might be
made a character in determining species, but I have not yet sufficiently

studied my notps to justify the expression of an opinion.

In conclndii)g my report, I take the opportunity of expressing my
deep gratitude to the Committee for their kindness in affording me such
splendid facilities for prosecuting my research, and further I desire to

convey my sincerest thanks to Dr. Dohrn and all the members of the

staff at tjhe Zoological Station for their unfailing courtesy and the willing

help which they were always ready to render.

III. Report on the Occupation of the TahUf hy Professor R. J. Anderson.

I arrived in Naples on June 4. The table was furnished immediately
with instruments and preserving fluids. I decided to examine the

myotomes in a great number of fishes. The importance of the subject

at once appears. The muscles are less complex than in other vertebrates,

the primitive arrangement is largely maintained, and we have, to start

with, the works of Cuvier, Meckel, Muller, and Stannius, and of Owen,
Schneider and Humphry, together with the special work of Vetter, Fui>
bringer (whose work has some bearing on the subject), Albrecht, Qoette
and others. English readers are most familiar with the myological work
of Humphry through his contributions to the English Journal of Anatomy
and his special work on ‘ Myology.* The whole subject is, however, so

difficult that we require abundance of facts to make any certain advance.

I have, therefore, measured and noted the arrangement of the metamers
in a great many fishes. I have made no reference to the embryological

conditions. The general condition of things is to be found in Muller’s

myxiinoid fishes. His description is adopted by everyone, and my work
goes mainly to tease out some of the observations of that anatomist.

The fibrous partitions that separate the metamers are not planes, and
tha line of outcrop is a curved line. The number of the metamers, their

thickness, and the number and c^.afracter of the bendings all vary.
^

The
distance to which the anterior metamers reach in the cranium is not

constant. I have, then, recorded-—
,

1» The«nunxber of metamers.

2. The exact length of each segment of a number of metamers, as it

appears on the surface.
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3. The breadth of the metamer at the surface (laleraL part).

The amount of the overlap is given in some cases. Additional facts

of interest have also been given, as for instance: (a) the distinct

presence of a rectus; (6) the separability of the dorsal part of the

dorso-lateral muscle mass
;
and (c) the position of the limits with reference

to the metamers. The term rectus is used to indicate the median ventral

muscles running from the anus (each side) along eacb side of the median
line to the pelvis, or from the pelvic to the pectoral girdle.

The actual deviation from aline on the surface formed by a transverse

plane, is in many cases very considerable. The second metamer in Sargus
annularis gives a meastfrement for the outcrop of its dorsal portion of

17 mm., and this runs beyond the tenth part of the entire animal. The
metamer (dorsal piece) is directed from before backwards and downwards.
The dorsal part of the sixth metamer reaches 24 mm. and therefore tra-

verses one-sixth of the length of the fish. The thirteenth metamer gives

28 mm. for the first or dorsal piece. The entire length of the surface

line is nearly one half the length of the animal.

Again the sixth metamer of Gohius capHoy which has a supero-inferior

diameter of 35 mm., is 57 mm. in length
;
the length of the fish being

187 mm., and the number of metamers, 27. The twenty-third metamer
of the same fish gave a length of 52 mm. for a breadth of 20 mm. These
measurements take no account of the overlap. This overlap was 24 mm.
for the seventeenth metamer.

The twenty-third mebimer of Mugil cepUalus reaches 11 mm. beneatb.

the antecedent metamers, and projects 5 mm. beneath th^ succeeding. «In

some metamers I have noted 36 mm. as the range, and this means that for

an antero-posterior extent of 36 mm. an individual metamer by its zigzag
windings has a situation. The seventh metamer is 92 mm. long, whilst
the semi-circumference is 46 mm. The seventeenth is 72 mm. long, with
a semi-circumference of 29 mm.

Trachinus Draco, one of Muller’s examples, shows 12 mm. for the
dorsal portion of the first, and 25 mm. for the twenty-fifth metamer. The
semi-diameter is 35 mm. in the first case and 18 mm. in the second.

The dorsal part of the dorso-lateral mass is not easily distinguished as
a separate mass in all fishes. In Trigla I was able to separate it. In
TJmhrina it can be separated for lO metamers.

In some fishes a distinct terminal bend is to be seen in the ventral
region as well as in the anterior part of the median line behind. In
Mustelus the bends are sharp. In various fishes, in Corvina, for example,
the dorsal curve is very distinct anteriorly. The dorsal bend is also seen
well in Delone. In Gohius the ventral and lateral. The rectus is seen in
Dagellus. Bands on each side of the anus run forwards to the pelvis. These
bands correspond to the bend inwards of the myotomes, and I am inclined
to think that there is some connection. The dorsal bend is well sei^n in
JJranoBcopus scaher.

Without giving any undue importance to the varieties in the ap-
pearances presented by the myotomes, I may state that between the
condition in which there are three shaVp angles anteriorly and two pos-
teriorly superficial markings and that condition in which we have the myo-
tome running a direct course from the median dorsal line to the median
ventral, we have a great ma^ny varieties. How far the dorsal bends have a
connection with the separation of the dorsal fin muscles, the dorsal, &o., I
am not yet prepared to offer any opinion whatever. The bend in the lateral
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line which breaks the continuity of the dorsal portion of the myotome itito

the ventral portion in the posterior region of some fishes is another diffi-

• cnlty. The full details of the observations I hope soon to complete.

IV. A List, of Papers which have "been published in the year 1887 by

Naturalists who have occupied Tables at the Zoological Station.

• t

Dr. F. Zschokke .

If •

Dr. J. Buckert .

Dr. R. Semon

»> .

Dr. F. S. Monticelli

»»
A

4

Dr. F. Raffaele

Dr. G. Jatta .

fl • • •

Dr. A. Ostroumoff .

Prof. W. Preyer .

Dr. L. Plate . .

Prof. J. Steiner

Prof. C. Emery

Dr. F. NoU .

Dr. A. A. Tichomiroff

Prof, S Trinchese .

ff •

0

Dr. E. de Daday .

Dr, S. V. ApAthy ,

Dr. B. Bawitz .

Dr. M. de DavidoS

. Studien fiber den anatomischen u. histologischen Ban der
Cestoden. ‘ Ceiitralblatt fur Bacteriologie u. Parasiten-
kunde^’ Bd. i. 1887.

, Helminthologische Bemerkungen. ‘Mitth. Zool. Station,

Neapel,’ Bd. vii. 1887.

, Ueber die 2v;fllage des mittleren Keimblatts u. die erste
Blutbildung bei Torpedo. * Anat. Anzeiger,’ 1887.

, Beitrage zur Naturgeschichte der Synaptiden des Mittel-
meeres. * Mitth. Zool. Station,’ Bd. vii. 1887.

. Beitrage zur Naturgeschichte der Synaptiden des Mittel-
meeres. 2. Mittheilung. 16 plates. IMd.

. Osservazioni intorno ad alcune specie di Acantocefali.
‘ Bollettino Soo. dei Naturalist! in Napoli,* vol. i. 1887.

, Note elmintologiche. Sul nutrimento e sui parassiti della

Sardina (Clupea pilchardus, C. V.) del Golfo di Napoli.
Ibid.

. TJova e larve di Teleostei. 1* nota. ‘ Bollettino Soc. dei
Naturalist! in Napoli,’ vol. i. 1887.

. Sopra il cosidetto ganglio olfattivo dei Cefalopodi. Ibid.

. La vera origine del nervo olfattivo nei Cefalopodi. Ibid.

. Zur Entwickelungsgeschichte der cyclostomen Seebryo-
zoen. * Mitth. Zool. Station, Ncapel,’ Bd. vii. 1887.

. . • Ueber die Bewegungen der Seesterne. II. Halfte.
‘ Mitth. Zool.' Station, Neapel,’ Bd. vii. 1887.

, Ueber einige ectoparasitische Rotatorien des Golfs von
Neapel. * Mitth. Zool. Station, Neapel,’ Bd. vii. 1887.

. Sur la fonction des canaux semi-circulaires. ‘Comptes
Rendus,’ t. civ. 1887.

. Intorno alia muscolatura liscia e striata della Nephthys
scolopendroides D. Ch. (con 13 tav.). ‘Mitth. Zool.

Station, Neapel,’ Bd. vii. 1887.

, Ueber Membranwachsthum u. einige physiologische
Erscbeinungen bei Siphoneen, ‘ Bot. Zeit.,’ 1887, No. 30.

. Experimentelle Untersuchungen fiber das Wachsthum der
Zellmembran. ‘ Abh. Senckenbergische Ges., Frankfurt
a/M.’ 1. Tfl., 16. Bd.

. Zur Entwickelungsgeschichte der Hydroiden. ‘Nachr.
d. Ges. Freunde d. Naturw., Moskau,’ Bd. 3ucx.

. Come le fibre muscolari in via di sviluppo si uniscono alle

fibre nervose. Comm, preliminare. ‘Rendic. Accad.
Lincei,’ vol. ii.

, Nuove osservazioni sulla Rhodope Veramii (Kolliker).

Comm, prelim. ‘Rendic. Accad. Napoli,’ 1887.

, Monographic der Familie der Tintinnodeen. ‘ Mitth. Zool.

Station, Neapel,’ Bd. vii. 1887.

. Methode zur Verfertigung langerer Schnittserien in

Celloiden. ^Ibid.

Die Fussdrfise Her Opistobranchier. ‘ Abh. Freuss. Akad.
Wiss.,’ 1887.

. - Ueber die ersten Entwickelungsvorgange bei Distaplia

magnilarva, Della Valle, einer zusammengesetzten
Ascidie. * Anat. Anz.,’ 2. Jgg. 1887.

. tJeber die freie Kembildung in Zellen. *Vortr. Ges.

Morph. Phys. Mfinchen/ 1887.
>»
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V, A List of Naturalists who have worTced at the Station from the end of
June 1887 to the end of June 1888.

Num-
ber op
List

Naturalist’s Name
State or University

whose Table
was made use of

Duration of Occupancy

Arrival Departure

4 ^
_ t

400 Dr. F. Sanfelice Italy* t . . . Aug. 1 , 1887
401 Dr. Ficalbi . .

. U • . . M 3, 99 Sept.19,1887
402 Dr. D. Carazzi . • • • 16, 99 99 ^9 99

403 Sr. Bias L4zaro 6 Ibiza Spain . •. 23, 99 Nov. 1 , „
404 Mr. A. de Krasnoff . Russia

• *# . „ 30, 99 Sept.30, „
405 Dr. N. Kastschenko . • • • Sept. 5, 99 May 10, 1888
406 Prof. R. Klunzinger . Wurtemberg . » 16, 99 Oct. 10, 1887
407 Dr. W. Muller . Prussia . „ 30, 99 Feb. 27, 1888
408 Prof. A. Mosso . Italy Oct. 13, 99 Oct. 16, 1887
409 Dr. A. Strubell . Saxony . . 16, 99 Apr. 11, 1888
410 Prof, de Famintzin . Russia 21 . 99 9f 29| 91

411 Dr. J. Thiele . Prussia . Nov. 1 , 99 », 30, „
412 Dr. P. Mingazzini Italy „ 25, 99

413 Dr. G. Tacchetti Italian Navy . Dec. 3,

'

99 May 10, „
414 Lieutenant Guarienti

>9 • • » 3. 99 '99 ^9 99

415 Dr. P. Oppenheim . Prussia . » 7, 99 99 ^9 99

416 Prof. A. Weismann . Baden » 28, 99 ^9 I 69 99

417 Dr. Ishikawa . Zoological Station . „ 28, 99 99 99

418 Dr. 0. Hartlaub Hamburg . . 29, 99 99 II 9 99

419 Dr. W. Issaeif . Russian Navy . „ 30,' 99 June 11 , „
420 Dr. M. de Davidoff . Zoological Station . M 30, 99 May 29, „
421 Prof. A. Mosso . Italy „ 31, 99 Feb. 15, „
422 Dr. G. Jatta 99 • • • Jan. le 1888
423 Dr. F. Raffaele . 99 • • • » 1 , 99

424 Dr. F. Balsamo Province of Naples , „ 1 , 99

425 Dr. F. S. Monticelli . 99 99 • » 1 , 99
....

426 Dr. T. Boveri . Bavaria . » 7, 99 Apr. 11 , „
427 Dr. J. van Rees

.

Holland . 7, 99 »> 11 * »»

428 Dr. H. Henking Prussia . 7, 99 »• 17, „
429 Dr. H. Debus . Hesse M 16, 99 Mar. ] , „
430 Mr. H. Bury Cambridge . .. 24, 99 May 28, „
431 Dr. 0. von Rath Strasbuig Feb. 2, 99 Apr. 30, „
432 Dr. W. von Schroder Zoological Station , „ H, J9 May 12, „
433 Stud. C. Sapper Wurtemberg . „ 18, 99 Apr. 24, „
434 Dr. M. P. Traustedt . Zoological Station . » 21 , 99 Mar. 10, „
435 Dr. E. Pergens . Belgium . Mar. 5, 99 June 23, „
436 Dr. G. Kalide .

• Berlin Academy 99 99

437 Mr. A. D. Sloan British Association

.

,» 16, 99 May 15, „
438 Prof. D. C. Rabl Austria . ,, 18, 99 Apr. 8, „
439 Dr. M. Joseph . Prussia . . . „ 19, 99 ** 18, „
440 Dr. J. Kohl

. » 19, 99 >» 12, ,,

441 Dr. J. Vosseler . Wurtemberg . .. 19, 99 May 2̂ , „
442 Dr. G. Frank Zoological Station . » 20, 99

443 Dr. L. Plate Prussia . 27, 99 May 10, „
444 Prof. B. Hatschek Austria . Apr. 6, 99 Apr. 20, „
445 Dr. Cori . 99 • • • „ 6, 99 ** 20, „
446 Dr. J. Riickert . Bavaria* « 14, 99 May 10,
447 Prof. G. von Koch . Hesse . * >. 28, 99 ** 1

2

, ,,

448 Dr. B. Rawitz . Prussia . „ 28, 99 June27, „
449 Dr. F. Went Holland . „ 28, 99

450 Dr. C. Fisch . Bavaria . „ 28, 99 »

-
'

451 Prof. R. J. Anderson British Association

.

June 4, 99
. .

452 Prof. A. Della Valle . Italy 26, 99
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VI. A List of Naturalists^ to whom Specimens have been sent from the

end of June 1887 to the end of Ju7ie 1888.

r. July 5

99

>9 99

fJ 9
12

>9 99

99 la

99 99

99 16

99 .
20

99 ao

99 99

99 ai

Aug. a

99 99

99 4

99 6

- 91 12
* 99 16

99 99

99 22

•*
24

99 99

99 27

.9 9

%

»»

Sept. 14

99 17

99 22

99 26

99 99

Oct. 6

99 99

99 7

99 99

9 9 10

99 91

.
»» 26

#9 99

99 99

99 27

99 28

,Nov. 6

99 7

99 8

99 99

99 99

99 14
99 99

99 16

99 99

1888.
17

Zoolog. Institut, Kiel
Prof. A. C. Haddon, Dublin .

Dr. O. Hamann, Gottingen
Museo Civico, Venice
Mr. A. Wenke, Jaromer
Laboratoire de Zoologie, Geneva
Veterinar-Institut, Dorpa‘c

Conte Peracca, Turin
Prof. P. d’Oliveira, Coimbra
Museo Zoologico, Pjdcrmo
Stiidt. Museum, BaVmeu .

Dr. Krukenberg, Jena
Morphological Laboratory, Cam-

bridge
Prof, Ciaccio, Bologna
Dr. W. Patten, Milwaukee
Prof. Wiedersheim, Freiburg

i/B

prof. A. Froriep, Tubingen
Dr. Krukenberg, Jena
Mr. R. D, Darbialure, jManclicster

Stud. R. Driesch, Wiesbaden .

Obergymnasiurn, Sarajevo
Dr. Stein, Frankfurt a/M.

.

Prof. Rabl, I’rague

Morphological Ijaborator}',Cam -

bridge
Prof. A. Korotnotl:, Kii v* .

Laboratoire d’Anatomie, Geneva
Mr. A. Kreidl, Prague
Mr. W. Schhiter, Halle a/S.

Ecolc Normale Superieure, Paris
Istituto Tecnico, Verona .

Polytechnikum, Stuttgart

LandwirthschaftlicheAkadcmie,
Hohenheim ....

Dr. C. F. Jickeli, P[ermann.stadt

University College, London
Prof. A. Froriep, Tiibingcn
Prof. A. Babuchin, Moscow

Mr. Putze, Hamburg

.

Dr. P. Pelseneer, Brussels
University College, London
Prof. Batelli, Perugia
R. Museo dei Vertebrati,

Florence ....
Prof. Mosso, Turin ,

Zool. Institut, Breslau
Prof. Moriggia, Rome

Mr. E. Penard, Wiesbaden
Prof. Della Valle, Mused Zool.,

Modefia
Realschule, Ludwigshafen
Realschule, Brunswick
Prof. Ludwig, Zool. Inst., Bonn.
Prof. Mosso, Turin .

Zool. Institut, Gottingen

Lire c.

Siplionophora • 140(;(>

Actinia • 68-95
Echinodermata . • 4J-26
Various 77-55
Various 40-

•Various 0 28-36

Collection . • 376-35
Elaphis • 65*

Various • 182-55
Collection , • 589-50
Collection 1260-

Chimaera 19-50

Sepia. Sipunciilus 303-25
Torpedo • 23-85
Cymothoa .

1

• 23-30

Pctroniyzon , • 58-05

Embrvo.s of Pristiurus. 43-05
Murex . • 3-90

Cephalopoda • 28-10

Various • 29-80

Various • 111-85

Embryos of Torpedo 30-70

Embryos of Torpedo ‘ 15-GO

Pelagia 232-50

Collection . » 385-40

(/erianthus . 23-40

Collection . 453-60

Collection . 125-80

Mollusca 48-65

Collection . 137-45

Collection . • 374-20

Collection . • 133-90

Starfish • 23-30

Scorpions • 14-60

Embryos of Torpedo .

Electric Organs of

16-90

Torpedo . • 10-60

Various 66-60

Fissure] la « 1-90

Various • 36-66

Bonellia • 24-70

Thymnus 72-

Pectunculus • 6-40

Alnphioxus .

Electric Organs of

16-75

Torpedo . • 22-30

Various • 21-85

Collection . • 136-

Collection . • 124-90

Collection . .
. • 62-60

Various • 166-45

Area Noae . • 7-40

Collection 9 349-40

M
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1887

1888.

Li re c.

Nov. 17 Seminario, Caseita . Collection . . 10610

» 18 Museo Civico, Venice Various . 26-76

'
yj if Mr. E.^Marie, Paris . Various 64-90

f f ff Dr. Korschclt, Berlin Various 6-66

„ 19 Dr. Kiikenthal, Jena. Ophelia, &c. . 23-66

ff f> Mr, George Brook, Edinburgh Lepadogaster 8-66

20 Dr. F. Noll, Wiirzburg Caulerpa 6-90

» 21 Ecole de M6decine, Cairo . Collection . . 300-

ff ff Dr. A. Kaufmann, Bern Cephalopoda . ‘ 14-60

„ 23 Mr. Misslowitz, llalJorcorn. Sepia . 8-26

„ 28 Labor, de Zoologie, Nancy. Mollusca 14-36

f f ff Zool. Miu.euiii, Warsaw Collection . . 600-

f f ff Dr. P. de Vescovi, Home .
• Various 14-86

ff ff Prof. P. d’Oliveira, Coimbra Various . 31-60

Dec. 3 Mr. Baraldi, Zool. Mus., Turin Anemonia . 13-86

„ 12 Cabinet Zootomique, IJniv. St.

Petersburg • Myzostomum 13-

ff ff Dr. C. J, Jickeli, Hermanns! .adt Antedon 13-60

ff ff Ecole de la Marine, St. Peter!5*

burg .... , Collection . . 260-

14 Prof. Vitzou, Univ. Buciirest • Collection . . 392-86

ff f’ Mr. V. Fric, I’ruguc . • Various . 136-80

„ 16 Prof. Hubrecht, Utreclit . • CerebratulUs 6-60

„ 20 Mr. E. Schulz, Glogau • Various 13-16

ff ff Prof. P. d’Oliveira, Coimbra • Collection . . 316-16

„ 22 Baron de S. Joseph, Paris

.

• Various 26-36

„ 26 MM. Andr6 and Taentier,

Marseilles • Collection , . 242-10

„ 30 Mr. W. Schliiter, Halle • Collection . . 121-06

ff ff Queen’s College, Prof. Anderson,
Galway .... Collection . . 242-60

ff ff Mr. Shipley, Cambridge • Worms 63-40

Jan. 7 Mr. A. Amrhein, Vienna . Diatoms 8-80

„ 16 Prof. P. d’Oliveira, Coimbra Collection . . 644-66

„ 17 Museo Zoologico, Naples . • Collection . . 200-

„ 20 Conte Peracca, Turin 9 Lacerta 19*40

» 22 I’rof. Ciaccio, Bologna • Lophius 12-60

ff f f Museo Zoologico, Bologna . • Physophora, &c.

.

61-36

26 Mr. R. Damon, Weymouth • 1 Collection . . 787-75

30 Prof. Steenstrup, Copenhagen • Cephalopoda 43-30

„ 31 Dr. P. Pelseneer, Brussels . • Mollusca 6-76

ff ff Mr. Marqua, Linz • Amphioxus . 6-80

Feb. 17 School of Pliysic, Dublin . • Collection . . 121-15

ff ff Realgymnasium, Sprottau

.

• Various 47-15

„ 20 Prof. Wiedersheim, Frieburg i/B Scyllium . 34-

„ 23 Mr. A. Certes, Paris . Various . 91-66

„ 26 University College, London • Various 31-85

ff ff Museo Zoologico, Ksa • Collection . . 313-96

ff ff Zoolog. Museum, Dorpat . • Collection . . 49-66

ff ff Mr T. Tempore, Paris • Various . 66-80’

27 Prof. G. Schwalbe, Strasburg • Dogfish . 99-90

March 3 Conte Peracca, Turin • Lacerta .• 10-60

„ 14 Prof. J. van Ankum, Groningen. Siphonophora . 166-90

16 Mr. C. Weber-Sulzer, Winterthur Various 24-30

ff ff Labor, de Zoologie, Nancy. • Various 17-60

ff ff Dr. P. Pelseneer, Brujisels . • Mollusca 7-80

ff ff Prof. Ciaccio, Bologna • Salpa . 8-90

„ 20 Zool. Institut, Univ. Berlin • Collection . . 2241-90

„ 29 Mr. C. Bassi • Tavernelle . . 200-

April 6 Mr. Fullarton, Univ. Glasgow • Various .
^

, . 172-46

ff f f
Dr. H. Debus, Strasburg . • Collection . . 290-70

ff
* f« Dr. Traustedt, Herlufsholm • Coljection . . 212-96



ON THE ZOOipOICAL STATION AT NAPLES.

1888. April 6

51

5f 10

55 55

55 55

5 5 55

55 55

55 55

55 55

55 26

55 27

55 55

55 30
May 8

55 10

55 55

55 55

55 55

55 55

55 14

55 55

55 18

55 55

55 55

55 55

55 23

55
24'

15 26.

55 55

55 28

55 55

J^une 4

55 55

55 55

55 9

55 11

55 12

55 55

55 14

55 16

55 17

55 20

55 26

55 55

•55 55

55 55

-55 30
55 55

Mr. E. Marie, Paris .

Dr. van Wijhe . . .

Prof. Carnoy, Louvain
Mus6c d’Histoire Nat., Paris
Mr. P. Bernard, Paris

Botanical Institute, Rostock
Prof. Hubrecbt, Utrecht .

Morphol. Laboratory, Cam-
bridge

Prof. P. d’Oliveira, Coimbra
Museo Zoologico, Naples .

Mr. P. Krause, Dresden .

Collegio Pontano, Naples .

O Fensege Josef Agost, Alesuth
Zool. Zoot. Institute, Gottingen
Zool. Museum, Bern .

Museum der Rhein. Naturf. Ge-
sellschaft, Mainz .

Anatom. Instit., Munich .

Jiab. de Zoologie, Nancy .

Dr. B. Hofer, Kbnigsberg.
]\Ir. B. Kestleven, London
Mr. W. ,H. Tyas, Manchester .

Ilealgymnasium, Pensa
Mr. W. Schliiter, Halle
Mr. C. Bellotti, Milan
Dr. Riickert, Munich
Grosshcrzgl. Museum, Darm-

stadt
University College, London
Realschule, Fiirlh

R. Scuola Tecnica, Rome .

Prof. Krimmel, Reutlingen
Prof. Mosso, Turin .

Prof. S. Matsubara, Tokio.
Prof. P. d’Oliveira, Coimbra
Cal )inet Zootom., Univ. St.

Various
Amphioxus

.

Various
Siphonophora
Siphonophora
Sargassuip .

Aplysia

Lepas, Sepia, &c.
Various
Various
Living specimens
Collection .

Collection .

Various . '
,

Various

Collection .

'

Embryos of Torpedo
Various
Various
Amphioxus .

Collection .

Collection .

Scorpjcna .

Young Pristiurus

Various
Amphioxus .

Collection .

Collection .

Coclenterata
Murmna
Collection .

Portunus

Petersburg .... Collection .

Mason College, Birmingham . Various
Laboratoire de Zoologie, Lau-

sanne . . . . .

G. B. Paravia & Co., Rome
Dr. Miinder, Gottingen

Anatom. Inst. Munich
Mr. J. C. Rinnbock, Vienna
University College, London
Rijka Museum, Leyden
R. Museo dci Vertebrati, Flo-

rence
Museum d’Hist. Nat., Lyons
Mr. H. C. Chadwick, Man-

chester

Owens College, Manchester
Mr. H. Meller, Manchester
Dr, Ziegler, Freiburg i/B

Prof. G. Vimercati, Florence
Prof. Gilson, Louvain

Amphioxus .

Collection .

Turbo rugosura, oper
cula

.

Petremyzon
Algas, Diatoms .

Sepia, Sipunculus, &c.
Annelides .

liampris lima
Siphonophora, &c.

Various
Collection .

Polyophthalmus .

Embryos of Torpedo
Various
Coleoptera .
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120-80
6-75

19-36

66-10
31-60
34-

46-25

685-15

10 -

63-96

29-95
33-

46-06

105-16

40-56

1405-

61-70
14-86

14-76

6 -

6 -

289-70
118-66

10 -

36-40

67-95

4-85

100 -

300-

50-06
11-70

209-

2-20

646-10
115-

2-80

600-

2 *

38-95
9-96

180-20

98-

16

99-

187-16

21-46

710-26
2-20

33-10
36-26
4-46
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Report of the CoTMThitteCy cousistviiig of Dr, J. H, Gladstone"-

{Secretary), Professor Armstrong, Mr. Stephen Bourne, Miss-

Lydia Becker, Sir John Lubbock, Bart,, Dr, H. W. Crosskey,.

Sir Kichard Temple, Bart, Sir Henry E. Koscoe, Mr. James
Heywood, and Professor N. Story Maskelyne, appointed for
the purpose of continuing ike inquiries relating to the teachmg

of Science in Elementary Schools.

r

When your Committee made their ^^st report in August 1887, the

Government had just abandoned their Technical Instruction Bill for

England, but had expressed their intention of proceeding with the Scotch

Bill. The latter passed the House shortly afterwards, and provides that

any School Board, after the next election, may provide and maintain

Technical Schools, or that two or more School Boards may join for that

purpose. A copy of the Act is given in Appendix I. A circular was-

issued by the Scotch Education Department in February last, calling the

attention of the School Boards to the matter, and discussing the subject

at considerable length. The definition of technical education given in this

circular is set out in Appendix II. The Scotch Code of this year has been
considerably modified in consequence of this Act; besides which it has a-

provision which is very interesting in its bearing on your Committee’s
previous recommendations. Instead of English being the subject which
must be taken as the first class subject, the article now runs :

‘ Not more
than three class subjects may be taken, and if any such subjects are

taken, one must be English or Elementary Science.’ '

^

No alteration has been made in the English Code this year
;
and tlm

disabilities under which the Brighton School Board and the Beethoven
Street School (London) were suftering at the date of last report have not
been removed.

Manual instruction has, however, been given by the London School
Board, through the assistance of the City and Guilds of London Technical

Institute, who have provided the sum of 1,000?. for one year for the equip-

ment and maintenance of classes. A joint committee of representatives of
the School Board and Institute have selected six centres, three north and
three south of the Thames, and have appointed two special teachers and
two artisan assistants who devote all their time to the work. In this

way about 600 boys are receiving nearly three hours’ instruction a week
in the scientific principles and the practical work of carpentry. The
School Board has asked for a further grant for a second year in conse-

quence of no legislation having taken place this session.

The return of the Education Department for this year shows that the*

diminution in the teaching of the science subjects, noted in previous
reports, still continues. The statistics of the class subjects for five years-

are given in the subjoined table,i^hich shows an actual decrease in

Geography and Elementary Science, notwithstanding the increase in the
number of departments examined. The growing practice of taking needle-^

work in girls’ schools as the second class subject (and thus obtaining for

it a larger grant than would be paid for it otherwise) is gradually
excluding geography.
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Class Subjects.—Departments 1882-3 1883-4 1884-5 1885-6 1886-7

English .... 18,363 19,080 19,431 19,608 19,917

Geograjphy
Elementary Science.
History ....
Drawing ....
Needlework

12,823
48

367

' 6,286

12,776
61

382

6,929

12,336
45

386

6,499

12,056
43

376
240

6,809

12,036
39

383
506

7,137

Total . 18,521 19,1.37
j

. 19,263 19,622 20,099

The return of scholars individually examined in the scientific specific

subjects shows again an actual falling off in the total, and either an actual

or relative falling off in every subject except mechanics A and chemistry,

which have both considerably increased. The figures are given in the fol-

lowing table:

—

Specific Subjects.—Children 1882-3 1883-4 1881-6 1885-6 1886-7

Algebra .... 26,647 24,787 25,347 25,393 26,103

Euclid and Mensuration 1,942 2,010 1,269 1,247 996
< Mechanics A . . . 2,042 3,174 3,527 4,844 6,316

B . . . 206 239 128 33
Animal Physiology 22,769 '22,857 20,869 18,523 1 7,338

Botany .... 3,280 2,604 2,415 1,992

1,351

1,689

Principles of Agriculture ],3.;7 1,859 1,481 1,137

Cliemistry . 1,18;.: 1,047 1,095 1,158 1,488

Sound, Light and Heat 630 1,253 1,231 1,334
j

1,168^

Magnetism and Electricity .
' 3,643 3,244 2,864 2,961 2,250

Domestic Economy 19,582 21,458 19,437 19,656 20,716

Total. 82,965 84,499 79,774 78,477 78,122

Number of Scholars in Stan-
dards V., VI., and VII.

286,355 .325,2>‘^5 352,860 393,289 432,097

The rapid and serious decrease of attontion paid to these science sub-

jects is shown by the percentage of children who have taken them, as

compared with the number of scholars that might have taken these

subjects, viz. :

—

Inl882-.3 .

„ 1883-4 .

„ 1884-5 .

„ 1885-6 .

„ 1886-7 .

29*0 per cent.

26-0
>1

22-6

19*9

18-1
>9

/

«Tid it must be remembered that* children who have taken two of these

subjects count twice over.

The Special Committee of the London School Board * on the subjects

and modes of instruction in the Board’s schools,’ which was referred to

on the last occasion, has presented its report. The report itself, prepared

by Mr. W. Bousfield, which is a lengthy and important document, is

^strongly in favour of much greater attention being paid to science. The
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appendix contains valuable evidence from several scientific men, amongst
others

;
and statistical tables relating to the instruction now given in the

schools under the Board. From these it appears that object lessons are

given in all the infant schools, occupying on an average about one and a
half hours per week, and in 91 per cent, of the boys* and girls’ schools

but in the case of many of these they are confined to the lower standards,

and the average time devoted to them is less than three-quarters of an
hour per week. This is in strange contmst with the ten and a quarter

hours per week, which is the average quantity given in the boys’ schools,

and nine and a quarter in the girls’ schools, to the literary subjects of

instruction—reading, writing, spelling, and grammar—^and to the four

hours at least per week which the girls aVe expected to give to needle-

work. Though these object lessons are the principal means by which a
knowledge of science is given, about half of the elder boys get some
instruction in some scientific specific subjects. The principal recom-
mendations in which your Committee are interested are :

—

1. That the methods of Kindergarten teaching in infants’ schools be
developed for senior scholars throughout the standards in schools, sn
as to supply l graduated course of manual training in connection with
science teaching and object lessons.

*

2. That the teaching of all subjects be accompanied, where possible,

by experiments and ocular demonstration, and that the necessary ap-
paratus be supplied to the schools.

10. That greater attention be paid to the teaching of mechanics as a
specific subject, and that models for illustrating the instruction be placed

on the requisition list.

16. That, in order to allow time for experimental teaching and manual
work, the time now given to spelling, parsing, and grammar generally, be
reduced.

28. That application be made to the Education Department that the
new Code be revised, as follows :

—

(b.) By applying to senior departments the regulation made with,

regard to infants’ departments in Article 106 (b.) of the new Code, viz.,

that the award of a merit grant should have ‘ regard to the provision

made for . . . simple lessons on objects, and on the phenomena of nature
and of common life.’

(c.) By providing that more freedom of choice may be given to

managers and teachers in the selection of class subjects, in order that the

first class subject need not necessarily bo English.

(/.) By rendering it obligatory upon pupil-teachers to exhibit a
knowledge of elementary science in some form at their annual examina-
tions. (Schedule V.)

A lengthy discussion on the general principles of the Report has-

taken place, and the first recommendation has been carried, with the
addition of the words, ‘but not so as to include teaching the practice

of any trade or industry, and that the method of Kindergarten in

the senior schools be tried first in a* few special schools throughout
London.’

*

Two Technical Instruction Bills have been brought into Parliament
again this year—the one by Sir Henry E. Roscoe and the other by the
Government—but each of them considerably varied from those of the pre-
ceding year. Neither of them progressed beyond the first reading; the-

former having been supplanted by the Bill of the Government, which,.



ON THE TEACHING OF SCIENCE IN ELEMENTARY SCHOOLS.

however, met with little approval, and was withdrawn in July along with
several others.

The reason generally given why legislative and executive changes
have not been made during the year is that the Government is waiting
for thejleport of the Royal Commission on the working of the Elementary
Education Acts of England and Wales. Since the Manchester meeting
the Royal Commission have published another volume of evidence, and
an amlysis of the whole

;
but they have not yet finally settled their

recommendations.
In the meantime public opinion Jias considerably ripened upon tho

subject of scientific and practical education. This is evident by tho
earnest manner in which it is mow discussed by politicians and teachers,
and in the columns of the perio'^ical press.

Appendix I,

Technical Schools {Scotland) Act, 1887.

Be it enacted by the Queen’s Most Excellent Majesty, by and with the
advice and consent of the Lords Spiritual and Temporal, and Commons,
in this present Parliament assembled, and by the authority of the same,
as follows

:

I. This Act may be cited as the Technical Schools (Scotland) Act,

1887, and shall in so far as consistent with the tenor thereof be construed

as one with the Education (Scotland) Acts, 1872 to 1883.

II. This Act shall commence to have effect in each parish and burgh
in Scotland from and after the next ensuing triennial election of a school

board therein respectively, and shall apply to Scotland only.

III. (1.) A school board may pass a resolution that it is expedient
to provide a technical school for its district, and thereupon may, subject

to the provisions of this Act, provide such a school accordingly, and pay
the expenses of providing and maintaining the school, including the

expense, if any, of providing tools, apparatus, and drawing and other

materials, in so far as the same remain the property of the school board,

out of the school fund. The subjects to bo taught in the fechool shall bo
such as may from time to time be approved of by the Scotch Education
Department.

The school board shall fix tho school fees to bo paid for attendance at

each technical school under their management, and such fees shall be
paid to the treasurer of the board, and a separate account shall be kept
of thetamount of the fees derived from such school, and it shall be lawful

for the school board, if they see fit, to pay to the teachers of a technical

school the fees derived from such school, and^to divide the same among
them as the school board shall determine. Any deficiency which may
exist on the technical school account shall be payable out of the school

fund provided under the Education (Scotland). Acts, 1872 to 1883.

(2.) If the resolution is not confirmed as hereinafter mentioned, it

shall not be carried into effect, aifd.shall not be again proposed until the

expiration of not less than twelve months.

IV. A resolution of a school board, as in the last section mentioned,

shall be of no effect unless and until— .

(1.) It is confirmed at a subsequent meeting of the school board held

after the resolution has been published in the prescribed manner, and
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after the expiration of the prescribed time, being not earlier than one
month after the first publication of such resolution ; and

(2.) It is confirmed by the Scotch Education Department by a Minute
or Order.

V. (1.) Every school provided under this Act if it claim a grant

from the Department of Science and Art shall, with respect to any sub-

ject for which such grant is claimed, be conducted in accordance with

the conditions specified in the Minutes of the Department of Science and
Art in force for the time being, sitid required to be fulfilled by such a

school in order to obtain a grant from that Department.

(2.) Those conditions shall, amongst other things, provide that a
grant shall not be made by the Department of Science and Art in respect

of a scholar admitted to the school unless or until he has obtained such
a certificate from the Scotch Education Department as is hereinafter

mentioned.

(3.) A Minute of the Department of Science and Art not in force at

the passing of this Act shall not be deemed to be in force for the purposes

of this Act until it has lain for not less than one month during one session

on the Table of both Houses of Parliament.

VI. Every school provided under this Act shall, ii*^ respect to all

subjects other than those for which a grant is claimed from the Science

and Art Department, be conducted in accordance with the conditions

which may from time to time be set forth in the Scotch Education Code
annually md before Parliament under the heading ‘Technical Schools.’

VII. (1.) Every school board providing a technical school shall,

subject to the provisions of this Act, maintain and keep efficient the
school so provided.

(2.) For the purpose of providing any such school, a school board
shall have the same powers, but subject to the same conditions, as a
school board has for providing sufficient school accommodation for its

district.

(3.) For the purpose of maintaining any such school, a school board
shall have the same powers, but subject to the same conditions, as a
school board has in regard to the maintenance of a higher class pubUc
school under section eighteen of the Education (Scotland) Act, 1878.

(4.) A school board may, with the consent of the Scotch Education
Department, use for the purposes of a technical school any buildings, or
part of any buildings, vested therein for the purposes of the Education
(Scotland) Acts, 1872 to 1883, and a school board, or combination of
school boards, may, with the consent of the Scotch Education Depart-
ment, use for the purposes of the Education (Scotland) Acts, 1872 to

1883, any buildings, or part of any buildings, authorised by this Act.

(5.) A school board may, with the consent of the Scotch Education
Department, spread the payment of the expense of providing a techiSical

school over a number of years, not exceeding thirty-five years, unless with
the sanction of the Treasury, and in any case not exceeding fifey, 'and may
borrow money for that purpose

;
and fqr the purpose of such borrowing

section forty-five of the Education (Sdotland) Act, 1872, shall be held to
apply to the loan, and such provision shall be deemed to be a work for
which a school board is authorised to borrow, and the Public Works
Loan Commissioners are authorised to lend, within the meaning of the
ninth section and the First Schedule of the Public Works Loans
Act, 187^.
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(6.) Where a school board has provided any such school, it may dis-

continue the school, or change the site thereof, if it satisfies the Scotch
Education Department that the school to be discontinued is unnecessary,
or that the change of site is expedient.*

VIn. Any.two or more school boards may resolve to combine together
for the purpose of providing and maintaining a technical school under this

Act common to the districts of such school boards, provided that no such
resolution shall have any effect unless and until it has been published and
confirmed in manner hereinbefore provided

;
and if such resolution is

confirmed as aforesaid, the same provisions shall have effect as in the case
of a resolution to provide a technical school, and if the resolution is

carried into effect the expenses of providing or maintaining the school,

and the sum necessary to meet any deficiency on the technical school
account, shall be paid out of the school funds of the combining school
boards in terms of the said resolution.

IX. The provisions of sections thirty-eight and thirty-nine of the
Education (Scotland) Act, 1872, with respect to the transference of
schools in pursuance of those sections, shall apply to technical schools now
existing, or which may hereafter exist, in the same manner as they now
apply to the schools which may presently be transferred in pursuance of
those sections.

X. Xo scholar shall be ^admitted to a technical school unless or until

he has obtained a certificate under section seventy-three of the Education
(Scotland) Act, 1872, as amended by section seven of the Education
(Scotland) Act, 1883, or an examination equivalent thereto.

XI. A technical school provided and maintained under this Act shall

be deemed to be a public school, but attendance thereat shall not he
reckoned as attendance for the purpose of any grant from moneys voted
by Parliament under the Education (Scotland) Acts, 1872 to 1883.

XII. In this Act

—

The expression ‘ technical school ’ means a school or department of a
school in which technical instruction is given, and school board shall

include combination of school boards.

The expression ‘ technical instruction ’ means instruction in subjects

approved by the Scotch Education Department, and in the branches of

science and art with respect to which grants are for the time being made
by the Department of Science and Art, or in any other subject which may
for the time being be sanctioned by that Department.

The expression ‘ prescribed ’ means prescribed by the Scotch Educa-
tion Department.

Appendix II.

r
* However desirable it might be, it is scarcely possible to frame a

’definiliion of technical education which can be satisfactory from all points

of view ; but without any such comprehensive definition it may be possible

to lay down certain outlines of the operations permissible under the Act.

Their lordships assume that such instruction may be held to cover not

only the general scientific pri^biples which underlie the leading manufac-

tures and industries of the kingdom, but also some knowledge of the

manner in, which these general principles are applied, and some acquaint-

ance with the practical conditions under which they are applied in various

industries, and in various localities. Besides this general description, they

•-apprehend that the ordinary interpretation of the term covers some
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^
T

practical training of hand and eye, some adapting of the ordinary lessons-

of the school to the affairs of life, and to the acquiring of aptitude in the
special occupation in which the scholar is to be engaged.’

Postscript.

Since the foregoing report was prepared Mr. Samuel Smith’s Con*
tinuation Schools Bill has been printed, and the final report of the

Royal Commission on the Working of the Elementary Education 'Acts,.

England and Wales, has been issued.

The former provided that in the Continuation schools proposed to be
created instraction must be* given in at lqs,st three of the subjects specie

fied in the First Schedule, which includ§*s, inter alia^ elementary mathe-
matics, mechanical drawing, and elements of agricultural science, and
may be given in any of the subjects specified in the Second Schedule,

which includes use of tools, and art handwork generally.

The final report of the Royal Commission is a very lengthy document,
and contains a large amount of matter bearing upon the subject with
which your Committee have to deal. The following are some of the prin-

cipal recommendations affecting the teaching of scienqe in elementary
schools :— ‘

‘ (15.) That in making future appointments to the office of inspector,,

it would be desirable, in regard to a larger proportion of them than at

present, to give special weight to the possession of an adequate knowledge
of natural science.

‘ (89.) That, as far as practicable, the children should be grounded in
all the four class subjects, and that when only some of them are taken
the selection should be left to the school authorities.

‘ (90.) That the provision of the Code, which requires that if only

one class subject is taken it must bo “ English,” should be repealed.

‘ (93.) That geography, if properly taught, is a branch of elemontary
science, which should not be separated from the other branches, and
tnight well be taught along with object lessons, in accordance with the*

recommendations of the Royal Commission on Technical Instruction.
‘ (94.) That in Standard VII. the time allotted to geography might

advantageously be devoted to specialising some particular branch of the
subject.

‘ (114.) That the following subjects of elementary instruction are to-

be regarded as essential, subject to the qualifications we have already
made :

—

• • . • • • • •

Geography, especially of the British Empire.
Lessons on common objects in the lower standards, leading up to a

knowledge of elementary science in the higher standards.
‘ (118.) That though boys while at school should not be taught a

trade, some elementary instruction in science is only second in import*
ance to the three elementary subjects.

‘(120.) That the curriculum of ' elemeijy^ary scientific subjects might
vary according to the special requirements of each locality.

‘ (121.) That object lessons should be continued in the lower stand-
ards in succession to similar teaching in the infant school.

‘ (123.) That the curriculum in the ordinary elementary schools might
often include not only instruction in the elementary principles of science,.
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but also, in certain standards,, elementary manual instruction in the use of
tools

;
and in higher schools and evening schools this 'work might be

carried still further.

‘ (124.) That if technical instruction of this kind is to be given in our
schools,* it should not be applicable to boys under ten years of age. The
ultimate object of such instruction, however, might be furthered by judi-

cious systematical science teaching given to the younger scholars, in which
they should be associated in preparing specimens, helping to make models
on' their geography lessons, and so forth.

‘(125.) That examinatidns i^i science should as far as possible be

conducted orally and not on paper, especially in the first five standards.

‘ (12G.) That if it should bb thought that children ought to receive

some instruction in manual emplbyment other than that which the elemen-
tary schools available for their use can give, the best way of meeting the

need would be by the establishment in connection with some higher insti-

tution of a workshop for boys of exceptional ability, or for others to whom
it was considered desirable to give this instruction.

‘ (127.) That arrangements might be made to substitute attendance at

such a centre on one or two afternoons in the week for attendance at the

elementary school.

‘ (128.) That the higher grades of elementary schools in which more
advanced science is taught, and where a certain number of children stay

beyond the seventh standard, may be regarded as continuation schools.

‘ (136.) That it is desirable that the management of technical instruc*'

tion should be entrusted to the Education Department, and not to the

Science and Art Department.
‘ (142.) That the evening school system should be thoroughly revised

;

that a special curriculum and special schedules of standards and subjects

should be allowed, suitable to the needs of a locality, and that the local

managers should be encouraged to submit such schedules to the Depart-

ment for approval
;
that the provision embodied in the Code requiring all

scholars in evening schools to pass in the three elementary subjects as a
condition of taking of additional subjects should cease to be enforced

;

and that no superior limit of age should be imposed on the scholars.

‘(151.) That a knowledge of the principles of agriculture, which
might be taught in higher elementary schools, where such existed in

country places, would be of great value to those children who might
hereafter be engaged in agricultural labour.

‘ (152.) That in certain cases the object of higher elementary schoola

might be secured by attaching to an ordinary elementary school a class

or section in which higher instruction was provided for scholars who had

passed the seventh standard. That liberal grants made, as in Scotland,

to the managers of elementary schools for advanced instruction to scholars

who liWe passed the highest standard, would facilitate the provision of

such higher infetruction in the smaller and less populous school districts.^

These recommendations were signed by fifteen out of the twenty-three

Commissioners. The remaining eight presented an entirely separate

report, as they differed from their cenleagues on many other points ;
but

they agree in principle with the above recommendations so far as your

Committee have quoted them.’ The following are some of the commenta-

of the minority, which will show that they are at least equally desirous

of seeing greater facilities given for instruction in science in elementary

schools.
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*We agree that the present special preference of English above the

other class subjects should be removed from the Code.

‘We agree that higher elementary schools are a useful (we would

rather say a necessary) addition to our school machinery for primary

education. . . . That where such schools cannot be founded, ‘higher

classes for children who have passed the seventh standard should be

attached to an ordinary elementary school.

‘ We dissent from the recommendations of our colleagues as to the

management of technical schools #when established. ... We would

say . . . that these school^, which should be the crown and development

of elementary education, should be in touch and close sympathy through

their management with our elementary school system.
‘ In reference to the subject of technical and scientific instruction, we

draw an important distinction between technical instruction or instruction

which is designed with special reference to, and as a preliminary training

for, the commercial or industrial occupations of life, and manual instruc-

tion regarded as a training of the hand and eye so as to bring them under

the control of the brain and will, as a general preparation for the future

career in life, whatever it may be.
^

‘ Bearing in mind the age of children in elementary Sfchools, it may be

^ question whether technical instruction, as we have defined it, should be

commenced any earlier than the sixth standard. But we are of opinion

that, after the children have left the infant school, transitional methods

should be adopted, which will develop their activity and train their powers

by drawing in all cases, and by such other means as, for instance,

modelling, or the collection and mounting of botanical specimens.
‘ This training would, on the one hand, be advantageous as naturally

leading up to technical instruction, and, on the other hand, far from

interfering with the more litprary studies, the latter would, we believe,

benefit considerably by the variety and relief which would thus be

introduced.

‘We recommend that the examination of the scientific teaching given

in our elementary schools should be mainly oral, especially up to and
including the present fifth standard. If science is to be well taught,

care should be taken that wliere the ordinary teachers are not qualified,

specially trained teachers should be employed.

‘Higher grade schools should be encouraged which will prepare

scholars for advanced technical and commercial instruction.

‘ Technical teaching in the school cannot replace the practical teaching,

which is best learnt in the workshop.

‘In ordinary elementary schools good teaching of drawing and of

elementary science are the best, and in the lower classes the only fitting

preparation for the work of the technical school, and these subjects s^oula

he generally taught.
‘ Technical instruction should cover commercial and agricultural as

well as industrial instruction.*
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Sixth Report of the GommitteSy consisting of Mr. K. ExHiSRiDcfE^

Dr. H. Woodward, and Professor T. Kupeht Jones {Secretary),

on*the FqssU Phyllopoda of the Palcwzoic Rocks,

§ I. Monograph of the Palaeozoic Cera-
• tioearido!.

§ II. Ceratwoa/ru tyrannus from Trout-

beck.

§ III. Scandinavian PhyllooaHda, and
teeth of Ceratiocaris.

§ IV. M. Novslk’s Arisiozee solitariay

Ceratiocaris^ spp., and note* on
Cryptoearis.

§ V. M. NovAk’s note on PtycliocarisQ.)

Jascheiy F. A. lloemer.

§ VI. Mr, Clarke’s Devonian PhylUcarida
of New-York State.

§ VII. Paetropas in Devonshire.

§ VIII. Tremadoc FossiLs.
• 1. Saccocaris mayors Salter.

2 . TAuqulocarls Salteriana
*

nov.

3. TAngulocaHs siliquiformis
J. & W.

4. Ceratiocaris 0^
5. Hymetwraris vermicauda,

Salter.

^ IX. Estheria from Orkney.

§ X. Devonian Pliyllocarid.s of New-
York State, &c.

§ I. Monograph.— ‘A Monograph of the British PalfBozoio Phyllopoda
{Phyllocarida, Packard), Part I., GeratiocaridoBy based on our forme?'

Reports to the British Association for the Advancement of Science, was
published in January of this year by the Palseontographical Society.

The genera and species treated of are those enumerated in the table at

page 234 of the Report for 1886, excepting that Ceratiocaris attemiata was
found to be Salter’s 0. tyrannus

'y
to this species also may be referred

pi. 2, fig. 4, pi. 4, fig. 3, pi. 5, fig. 6, and pi. 6, fig. 11 of the Monograph,
the style or telsoh being strong and. straight (not curved as in its neai' '

ally, G. Murchisoni). The Portuguese fossil Phyllocarid, first named and
described by D. Sharpe sls Dithyrocaris (?) longicauda (?) is also included,

with illustrations (being within reach at the Geological Society of London),
as a doubtful Ceratiocaris. %

§ II. Ceratiocaris tyrannus.—Professor Sven Leonhard Tornquist, of

Lund, has sent to us for examination some fragments of the caudal ap-

pendage of a Ceratiocaris from the Upper Coldwell Beds, near Troutbeck,

Westmoreland. The specimen consists of a style and two stylets, im-
perfect at the ends, in a sandy mudstone. One stylet lies close to the

style, and the other is indicated by a cast at an angle with its fellow.

They are all straight and the style shows a lateral row of pits (bases of

spinules). It is too straight for C. Murchisoni^ and the pits are too small

for C. gigas. It may belong to 0. tyrannusy like the specimen (also from
Westmoreland), referred to C. validay perhaps wrongly, * Monogr. Foss.

Phyll. *

p. 21, pi. 6, f. 11. The specimen shown by pi. 4, fig. 3, is also

prpl:]j|ibly 0. tyrannus and not 0. Mwrehisoni.

§ III. Ceratiocaridoe from Sweden.—The Scandinavian Phyllocarida

mentioned in the last ‘ Report * (Manchester meeting, 1887), pp. 60-^62,;

have been fully described and figured in the ‘ Geological Magazine ’ for

March 1888, pp. 97-100, pi. 5, .and for April, pp. 145-150, pi. 6 and
woodcuts. Ceratiocaris valida has "been added with some probability as

occurring in Sweden. In G. Angelini the style (telson) was probably

only 7 (not 16) mm. longer than in pi. 5, fig. 1, p. 97 ;
and the row of

little pits (bases of prickles) is on the right-hand (not left-hand) side of

the cast figured, ibid,, see also ibid., p. 150,
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With this revised and enlarged description of the Phyllocaridal

remains from Sweden are associated descriptions and figures of both
Scandinavian and British specimens of the masticatory organs (‘ teeth *)

of Oeratiocaris.

We ought to have added that Mr. T. P. Barkas has given two rough
figures of a similar tooth, belonging probably to Dithyrdcaris^^ in his
* Manual of Coal-measure Palroontology,* or ‘Illustrated Guide to the

Fish, Amphibian, Reptilian, and supposed Mammalian Remains pf the

Northumberland Carboniferous Shrata,* 8vo, and ‘ Atlas of Carboniferous

Fossils from the Northumberland Carboniferous Strata,* fol., 1873.

These enlarged views of a Crustacean tooth are figs. 161 and 162 in

pi. 5, and the specimen is described as the Anthrojpodontoides Baileaiif at

p. 45. •

§ IV. Bohemian Phyllocarida, ^c.—M. Ottomar Novak has further

enlarged our knowledge of the PaleDOzoio Phyllopodous Crustaceans

during his critical examination of the ‘ Ban^ande Collection,’ of which he
has the charge in the Prague Museum.

In the Stage F-/1, of the Hercynian Formation, he finds an un-
described telion, relatively short and stout, 39 mm. in length, swollen for

about 10 mm. from the top, afterwards neatly ridged an^ fluted dorsally,

and bearing a row of sn^all pits along each outer ridge. * This he defines

a,s Aristozoe soUtaria, at p. 15, pi. 1, figs. 15-19, of his ‘ Zur Kenntniss der
Fauna der Stage P-/1 in der paliiozoischen Schichtengruppe Bohmens *

;

‘ Sitzungsber. k. bohm. Gesell. Wissensch.,’ Jahrgang 1886. At p. 15
M. Novak explains that Aristozoe had only one caudal spine, namely, the

telson or style. In the Table at p. 17 he mentions two new species

of Oeratiocaris (not described, G. modesta and G. Bamesi) from the same
Stage.

In our Second Report (for 1884), at p. 87, we ofiered the remark that

most of Barrande’s species of Gryptocaris and Zonozoe were probably
•opeiwla of some Shells, or possibly of some Corals such as Goniophyllum,
M. Novak finds evidence that some at least of the Gryptocaridea are
referable to the Conularian Orthotheca or Syolithes, and that Cryptocaris

svavisy Barrande, in particular, is the operculum of Orthotheca (HyoUthes)
intermediay Novak. * Sitzungsb. bohm. Ges. Wiss.* 1886, pp. 7-14, pi. 1,

figs. 9-13.

We may add that in his ‘ Illustrations of the Fauna of the St.-John
Group, No. iTi.,’ in the ‘Transact. Roy. Soc. Canada,’ Section iv., 1885,
Mr. G. F. Matthew has described and figured some fossil Pteropoda
(HyolitheSy <&c.), together with their opercula (p. 48, &c., pi. 6, figs. 1, 2,

X>y 6, 7). These latter are evidently the same as Barrande’s Gryptocaris,

Other probable opercula are figured and described in the same work
(pp. 61-66, pi. 6, figs. 16-21), under the generic names of Lepidiita,

Lepidilldy B[ipponicharion, and Beyrichona
; some being regarded as

Ostracods, and others doubtfully as Phyllopods.

§ V. Ptychocaris (?) Jaschei.—M. Ottomar Novak has favoured us with
the following note :

—

‘ Bithyrocaris Jascheiy figured by Eayser in the “ Abhandl.,” &c., pi. 1,
fig. 13, and mentioned in the Fifth Report on the Fossil Phyllopoda of
the Palasozoic Rocks, p. 66, shows some resemblance to my Ptychocaris •

' Similar to those described and figured in the Geol. Mag,\ 1866, p. 401, pi 11,
fig. 8 ; and 1873, p. 486, pi. 16, fig. 2g. *
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^see Fourth Report, &c., p. 233), which occurs at an equivalent horizon—^the “ Horcynian ** of Beyrich and Kayser, = “ Stages F, G, and H,** of
Barrande.’

§ VI. Devonian Fhyllocarida of New-York State.—In the ‘Bulletin

of the*TJ. S. Geological Survey,* No. 16, 8vo, 1886, Mr. John M. Clarke
has given a memoir ‘ On the Higher Devonian Faunas of Ontario County,
New York,’ in which he describes and figures the following Phyllo-

•carida :

—

1. Geratiocaris simplex, J, M. C.,^p. 43 (77), pi. 2, fig. 2. Carapace-
valve nearly oval in outline, 30 mm. long and about 10 mm. wide (high).

2. 0. Beecheri, J. M. C., p. 44 (78), pi. 2, fig. 1. ^ Three abdominal
segments and three caudal spines, not well preserved. Proportionally too
large for the foregoing species. The ultimate segment is apparently
shorter than usual in this genus.

3. Echinocaris Whitfieldi, J. M. 0., p. 45 (79), pi. 2, figs. 3 and 4.

Carapace-valve 27 mm. long and 16 mm. wide (high)
;
with the middle

and one of the lateral caudal spines, the latter longer than the former.

4. Equisetides Wrightiana, Dawson, 1881 {Ecliinocaris Wrightiana,
J. & W. ‘ Geol. Mag.,’ 1884, p. 395, pi. 13, fig. 1), is mentioned at p. 66
(100). See alsf> our Third Report (for 1885), p. 360.

6. Spathiocaris Emersoni, J. M. C. Notes on the genus and localities

for this species are given at pp. 46 (80) and 47 (81).
In the Table at p. 69 (103) Geratiocaris longicauda, Hall, is noted as

occurring in the * Genessee Shales ’ and the ‘ Portage Beds,’ in which
latter occur also Dipterocaris penncB-Dcedali, Cl., D

,
pes-cervce, Cl., and D,

Procne, Cl. The ‘ Naples ShaVs ’ have yielded Geratiocaris simplex. Cl.,

G. Beecheri, Cl., Echinocaris WJd/jieldi, Cl., Ech. Wrightiana (Dawson),
and Spathiocaris Emersoni, Cl. See also our Second Report (for 1884),

pp. 78, 80, 81.

§ VII. Bactropus in Devonshire.—The Rev. G. F. Wliidborne, F.G.S.,
has identified from the Devonian strata of Torquay a specimen of Bacp'opus
iongipes(?), Barrande, which M. Ottomar Novak * has shown to be really

the chief abdominal segment (or * post-abdomen ’) of Barrande’s Aristozoe

regina

;

whilst Geratiocaris debilis, Barrande, is the style (telson) of the
same bivalved Crustacean (Phyllocarid).

§ VIII. Tr&madoc Fossils.—In the First Report on the Palasozoic

Phyllopoda (1883) a tabular synopsis of the known fossil genera was
published, together with descriptive notes on some of the species, from
the Tremadoc and other old rocks, including Hymenocaris, Garyocaris,

and Dingulocaris. The well-known Mymenocaris vermicauda is therein

described from specimens obtained from many localities of the Lingula-
fiag and Tremadoc-slate series of North Wales, and preserved in the

'Collections of the British Museum, Geological Survey, Cambridge Uni-
versity, and Owens College. The ^ack-marks on Lingula-flags, near
Tremadoc, ascribed by Salter to Hymenocaris, are also alluded to.

The ^Hymenocaris (Saccocaris) major* of Salter is also referred to at

, pp. 219, 220. Though three specimens have been thus labelled in the

Cambridge Museum, with some doubt and possibly by Salter himself,

only one of them answers to Salter’s brief generic description, and on
this the following determination is founded.

* SitzwMsher, k.Vohm. Qesell, Wtssensch., Jahrgang- 1885, pp. 239-243, pi. 1. See
also our Report for 1886, p. 359.



176 KEPOIIT— 18«8^.

1. Saccocaris major, Salter. (Woodcut, Fig, 1.)

Saccocarisy Salter, 1868. * Report Proc. Geol. Polytech. Soc. West
Ridiog of Yorkshire * ^^for 1867), vol. iv. 1868, p. 588.

Hymenocaris' (Saccocaris) major^ Salter, 1873. ‘ Catal. Palceoz. JB’ossils,

Cambridge Museum,* p. 7. Referring to * Halifax Trans.’ 1867,’ by
mistake.

The particular specimen which most nearly corresponds with the
original description, namely, ‘ a large ovate carapace, strongly emarginate
behind, and larger than H. vermicauda,^ is a relatively large, thin, filmy,

compressed valve, inches long and 2 inches high,* suboblong, with
nearly parallel dofsal and ventral borders,, the former straighter than the

latter, which has a slight outward (dowjjiyvard) curve. Obliquely elliptical

in front, the acme of the curvature being above the mesial line, thus
making the antero-dorsal much shorter than the antero-ventral curve.

Apparently blunt or truncate behind, with a gentle outward curve rather

above the middle. The exact line of this posterior margin is not clearly

seen, owing to its being shredded or frayed off*, thus passing into the sub-

stance of the black schistose mudstone
;
the valve having been delicately

plaited (with the stone) by lateral pressure acting at right angles to its

length, and this longitudinal plaiting being transverse to the hind border.

The front edge has not been affected nearly so much, having probably been
thicker, or even slightly rimmed. This pressure has, perhaps, somewhat
elongated the valve, and lessened its original height, besides giving it a
gentle undulation, as well as the plaiting (pleating), throughout.

The valve, slightly hollow, is probably the right-hand valve, showing
its inside. Several concentric, irregular, narrow foldings, following the
contour of the anterior and antoro-ventral border, are apparently due to

the compression of the convexity of the valve.

This specimen, No. 1, at p. 220 of the First Report, and fig. 1 of the
accompanying woodcuts, is marked in the Woodwardian
Museum of the Cambridge University, and was collected by Mr. D.
Homfray from the upper part of the Lower Lingula-flags at Caer-y^coed,^

near Maentwrog.
This was at first (in 1867) regarded by Mr. Salter as a flat carapace,

* after the manner of Apus ’
;
but afterwards (in 1873) he referred it to

the bivalved, folded, or Nebalioid forms of carapace, and placed it 9»s an
ally of Hymenocaris

f

with the name Saccocaris. In shape it differs much
from the valves of that genus, as it wants their triangular form, due to tho
dorsal line forming an angle with the front edge, which slopes rapidly

downwards and backwards all along the ventral, to join the posterior

margin with a bold, oblique, postero-ventral curve. Differing also remark-
ably in size, it must be assigned to a different generic group

;
and it will

be best to recall the name Salter was at first inclined to give it, namely,
Saccocaris.

2. Linqulocaris Saltertana, sp. nov. (Woodcuts, Figs. 6 & 7.)
Ci

The British Museum has lately acquired a fine specimen of one of tho
old Cambrian Phyllocarids, from the Tremadoc-slate series. It is a black,.

' H. rermioauda rarely attained more than an inch in length along the back, 8-

or 9 tenths of an inch in height, and one and 3 or 4 tenths of an inch in the greatest
angular length from antero*dorsal to postero-ventral region
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shining, and filmy valve (or compressed bivalved carapace), seen as an
impression and counterpart on a split slab of hard, grey, micaceous mud-
stone, which has been subjected to the usual lateral pressure. The valve

inch) is acutely subovate, or sharply boat- shaped in outline,

convex, below and straignt above, and was acute probably at each end,

though one of them is damaged. It retains a remnant of one of the
small, subtriangular, terminal extensions of the dorsal edge^ such as are

present in L. siUquiformis. See fig. 6 of the annexed woodcuts.
The surface is peculiarly marked with what seem to be modifications

of ornamental stries or linear plaits^ namely, very small lenticular and
bead-like elevations, which may have resulted from raised longitudinal

strias beibg crossed by the delipate^laiting of lateral pressure at slightly

^different angles.

We dedicate this fine species to the memory of oiir friend, Mr. J. W.
Salter, whose labours in elucidating these old Phyllopodous forms are

well known. It was found by Dr. R. Roberts in the Tuhwntirbwlch
quarry at Portmadoc.

Another of the old associates of Hymenocaris in the Tremadoc series

is the ‘second specimen ’ mentioned at p. 220 of our First Report (1883).
Though smallev, than the foregoing (2J X inch), it is of a similar

shape, having been acute at both ends (probably, though one is broken),

elliptically curved below and nearly straight above, thus having the outline

of a^harp-ended boat (fig. 7 of the annexed woodcuts). It is not really
* emarginate * at one end, as stated at p. 220 of the Report, that appear,

ance being due to a slight transverse crack and some inequality of the

surface near the end, which was probably acute, but has been squeezed out
of shape and frayed away by the longitudinal plaiting of the hard, com-
pressed, slaty shale or mudstone. The cross-pressure has also coarsely

plaited the valve throughout, and somewhat lengthened it.

• From the upper part of the Lower Lingula-flags, at Caer-y-coed, near
Maentwrog. Collected by Mr. 1>. Horafray. In the Woodwardian
Museum, Cambridge.
A somewhat similar, but badly preserved, fossil from the Brethay

Flags of Long Sleddale (Marr Coll, in the Cambridge Museum) is

probably a Lingulocaris of the same, or a closely allied, species.

3. Lingulocaris siliquiformis, J. and W. (Woodcuts, Figs. 8 & 9.)
‘ Geol. Mag.,’ 1883, p. 464.

At p. 223 of the First Report (1883) we described this Cambrian Phyllo-

caridas differing from Salter’s L. Unguloecomes^ by being longer, sharper
at one end, and more nearly resembling a pea-pod in shape. One speci-

men (fig. 8 of the annexed woodcuts), rather wrinkled by crush, from the

Upper Tremadoc series at Garth Hill, Portmadoc, was presented to the

British Museum by the Rev.* J. F. Blake. Another (fig. 9), also in the

British Museum, is marked ‘48654 from the Bala Schist at Bwlch-y-
gaseg, near Cynwyn, Corwen ; J.P., March 14, 1868.’ •

A fragmental specimen from the Upper Tremadoc series at Garth,

Portmadoc, is in the Museum of. Practical Geology, marked
;
and

referred to L, lingulcBcomes at p. 15, ‘ Catal. Cambr, and Silur. Foss.

M. P. G.,’ 1878.

** Besides the two specimens, in the Woodwardian Museum (see First Beport

p. 22^), from Garth, there is one in the British Museum, No. 48,001, from the same
locality.

1888.
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4. Cbeatiocaris (?), sp. Fig. 10, of the Woodcuts.

A posterior portion of a valve like that of Oeratiocaris was described at

p. 220 of the First Report (1883). It is inch in measurement
;
from

Wem, near Portmadoc ;
and marked in the Woodwardian ilusenm,

Cambridge.
The body-pieces known as Salter’s Ceratiocaris (?) lata^ from Garth,

and G. (?) insperata, from Penmorfa (see our First Import, p. 221, and
Third Report, 1885, p. 351), appear to be too large for this species from
Wern. •

5. Htmenocaris. (Woodcuts, Figs. 2-5.)

In illustration of Hymenocaris vermicauda^ Salter, outline sketches
of some of the best known specimens are given in figs. 2-5 of the
accompanying woodcuts. The modified shapes of the valves, and of
the body-rings variable in number, are here indicated to illustrate the
descriptions in the First Report, pp. 218, 219 ;

and to serve for comparison
with their associates Saccocaris, Lmgulocaris, and Oeratiocaris (?), above
described (figs. 1, 6-10).

Explanation the Figures (Woodcuts'), Natural size,

Fio. 1. Saccocaris major. Salter. Caer-y-coed, near Maentwrog ; upper part of the Lower
Lingula-flags.

Fig. 2. Hymenocaris vermiccauda, Salter. Carapace much narrowed by transverse pressure.
Borthj Portmadoc ; Ffestiniog group.

Fig. 3. Carapace and abdomen modifled by pressure. Borth..

Fig. 4. Carapace and abdomen the former somewhat shortened and widened by
pressure, but nearly of the original shape. Borth.

Fig. 6. Carapace and abdomen modified by pressure. Borth.
Fig. 6. Linyuhearis Salteriana, sp. nov. Flattened carapace; damaged at the ends.

Tuhwntirbwlch quarry, Portmadoc.
Fig. 7. ——(?). Smaller individual. Carapace flattened, and somewhat narrowed

and lengthened bv transverse pressure. Caer-y-coed, near Maentwrog; Lower
Lin^la-flags.

*

Fig. 8. sUiquiformisy J. & W. Garth Hill, Tremadoc ; Upper Tremadoc series.

Fig. 9. Bwlch-y-gaseg, near Cynwyd, Corwen ; Bala-schist.
Fig. 10. Ceratiocaris sp. Hinder moiety of valve. Portmadoc ; Ffestiniog group.

§ IX. Fstheria.—Some specimens of Estheria memhranacea (Pacht),
in a black limestone, including the long variety (p. 15 :

* Monogr. Foss.’

EstherisB,* 1863), collected lately by Mr. Jex, in Orkney, have been placed
in the British Museum.

§ X. Devonian Phyllocarids of New-YorJc State, ^c.—The following
genera and species are fully noticed and carefully figured in Prof. Dr. James
Hall’s last volume of the ‘ Palaeontology of the Stete of New Tork,* just
lately published. They are of Devonian age, and with few exceptions
from the district mentioned. The title of this important volume is

* Geological Survey of the State ofNew York. Palaeontology ; Vol, VII,
Text and plates. Containing descriptions of the Trilobites and other
Crustacea of the Oriskany, Upper Helderberg, Hamilton, Portage,
Chemung, and Catskill Groups. By James Hall, State Geologist and
Palaeontologist. Assisted by John M. Clarke.* 4to, Ixiv. and 236j>ages,

* 45 plates. Albany, N.Y., 1888. Together with a ‘ Supplement to "Vol. V.,

Part 2, of the Palaeontology of New-York State. Pteropoda, Cephalopoda,
and Annelida,’ 42 pages, and plates 114 to 129.
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The groupings of families, genera, <fec., are as follow:—

I. Phtllocarida.

A. CEBATIOCABIDiB.

L Cebatiocaeis, McCoy, 1849. Occurring in the Oenessee and Fortagff

formations.

1. 0. longicauday Hall, p. 163, pi. 31, fig. 1.

2. O. Beecherif Clarke, p. 164, pi. 31, fig. 3.

3. 0. (?) simplex^ Clarke, p. 1^, pi. 31, fig. 2.

II. Echinocarisy Whitfield, 1880. Occurring in the Hamilton, Bortage^

and Chemung formations.
^

1. E. j^wnctatay Hall, p. 166, pi. 27, fg. 10
;

pi. 28, figs. 1-7
;

pi. 29,
figs. 1~8. Prof. Hall prefers to keep 'punctata rather than armata
for the specific name (p. 170) : see our Third Heport, 1885, p. 360.
The Mandibles of Phyllocarida are treated of at pp. 170, 171
pi. 30, figs. 13-19.

2. E. Whitfieldiy Clarke, p. 172, pi. 29, figs. 20, 21.

3. E. condylepisy n. sp., p. 173, pi. 29, figs. 14-17.
4. E, socialuy Beecher, p. 174, pi. 30, figs. 1-12.

5. E, sMoevis, Whitfield, p. 176, pi. 29, figs. 11-13. '

6. E. pustulosay Whitfield, p. 178, pi. 29, figs. 9, 10.

7. E, rmdti'Tiodosay Whitfield, p. 180, pi. 29, figs. 18, 19. ^

The Eguisetides Wrightianay referred by Woodward and Jones to
Echi'nocaris (Third Report, 1885, p. 360), is provisionally placed by
Prof. Hall with Stylonwrusy by reason of the character of the spinous^
elevations, pp. 161, 162.

III. Eltmocaris, Beecher, 1884. Occurring in the HamUton and'
Chemung formations.

1. E. capsellay n. sp., p. 181, pi. 31, fig. 4.

2. E. siliquay Beecher, p. 182, pi. 31, figs. 5, 6.

IV. Tbopidocabis, Beecher, 1884. Occurring in the Sa/milton andi
Chemtmg formations.

1. r. bicarinatay Beecher, p. 184, pi. 31, figs. 7-12.
2. T. interruptay Beecher, p. 185, pi. 31, fig. 13.
3. T. altematay Beecher, p. 186, pi. 31, figs. 14, 15.

B. PiNAOABIDiE.

I. Mesothyba, n.g. Occurring in the MarcelluSy ^amiltony and'
Portage formations.

1. M. Oceaniy n. sp., p. 187, pi. 32, figs. 1-6
;
pi. 33, figs. 4-7

;
pi. 34,

figs. 1—5. Separated from M. (formerly Bithyrocarw) Neptunviy.
Hall, on account of some differences in the caudal appendages^

2. M. Neptumiy Hall, p. 191, pi. 32, fig. 7 ;
pi. 33, fig. 1.

3. M. spummay n. sp., p. 193, pi. 32, figs. 8, 9 ;
pi. 34, fig. 2.

4. 3f. (JHthyrocaris ?) Venerisy n. sp., p. 193, pi. 33, fig. 3.

[II. Dithtbooabis, Scouler, 1843.] * In the Hamilton formation.
1. J). Bell/iy Woodward, p. 184 (Gasp4).

C. Bhinooabidji.

I. Rhinooabis, n.g. (J. M. 0.) Occurring in the Hamilton formation..
Eh. columhinay n. sp., p. 195, pi. 31, figs. 16-21.
Bh. scaphopteray n. sp., p. 197, pi. 31, figs. 22, 23.
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D. Discinocabidj:.

I. Spathiocaris, Clarke, 1882. In the Portage formation.

1. 8p, Emersonif Clarke, p. 199, pi. 36, figs. ] 2-18.

II,« Dipterocaris, Clarke, 1882. In the Portage and Ghemung
formations.

1. P. pennce-DcedaMy Clarke, p. 200, pi. 35, fig. 24.

D. Procne, Clarke, p. 201, pi. 35, figs. 25-27.

3. D. peS’^cervcOy Clarke, p. 202, pi. 35, figs. 20, 21.

II. Phyllopoda.

A. LlMNADUDjE.

I. Estheria, Biippel, 1867.' In the MamiUon formation.
1. P, puleXf Clarke, p. 206, pi. 35, figs. 10, 11.

II. ScHizoDiscos, n.g. (J. M. C.), p. 203. In the Eapiilton formation.
1. 8» capsa, n. sp., p. 207, pi. 35, figs. 1-9.

. , ,

i

Second Report of the Committee, consisting of Mr. S. Bourne,
Professor F. Y. Edgeworth (Secretary), Professor H. S. Fox-
well, Mr. Kobert Gtiffen, Professor Alfred Marshall, Mr. J.

B. Marti^j, Professor J. S. Nicholson, Mr. K. H. Inglis Pal-
grave, and Professor H, Sidgwick, appointed for the purpose

of investigating the best method of ascertaining and measurimg
Variations in the Value of the Monetary Standard, (Drawn
up by Mr. Giffen.)

In their reports last year the Committee discussed fully the theoretical

aspects of the problem of measuring variations in the value of the

monetary standard. It was abundantly clear, from this discussion, they
think, that even if statistical data were more complete than they are

the question is a most complicated and difficult one : how to measure
variations in the. value of the monetary standard would in no case be a
simple matter. They desire now to report on one or two of the

more definite issues involved as connected with problems of immediate
practical interest, of which it may be possible for the public to attempt

^an approximately correct practical solution.

The main practical uses for which the measurement of variations in a
monetary standard has been desired appear to be the following :

—

1. The fixation of rents or other deferred payments extending over

ionj^ periods of time, for which it has been desired to obtain a currency

of a more stable sort than money is supposed to be. This has been a
practical question of great importance from the days of Fleetwood's
** Ohronicon Preciosum,* which ^egins, as is well known, tirith a remark-

able case of conscience—whether ft man in order to receive a bursary or

scholarship, for which a declaration that his private income does not

•exceed, say, five pounds a year, is required, is justified, the value of

'money having fallen proportionately, in making the deplaration upon an
income not exceeding thirty pounds a year. In recent times there is at

least one instance of a different standard from metal being deliberately



182 RBPOBT

—

1888.1

snbstituted on a large scale, viz., the tithe averages, tliesd being made to
vary with the value of grain, so that in effect the tithe is so much grain^
and not so much money. The Scotch Fiars prices have existed for more
than two centuries for similar purposes.

2. To enable comparisons to be made between the value of money
incomes i§ different places, which is ofben an object of great practical

interest, not only individuals contemplating residential changes having ta
consider it, but Governments and other large spending bodies, speeding
money in widely distant places, having to do the like. Apart from di-

rectly business issues of this sort, such questions are of obvious practical
interest to economic studenta^ and through them to the general public.

3. To enable historians and other students making oomparisona
between past and present to give an approximate meaning to the money
expressions which they deal with, and say roughly what a given fine,

or payment, or amount of national revenue or expenditure in a past age
would mean in modem language. To the student of history from the
economic point of view some such method of giving a meaning ta
money expressions is indispensable.

And it has been seen theoretically that the only way to ’accomplish
these objects is to form * index-numbers,’ that is, to substitute for money
some other measure by which the value of money or any dther single com-
modity relative to an aggregate of commodities may be ascertained. If
all commodities could be included in such an index-number, and a proper
weight assi^ed to each, and if the same commodities existed in the same
proportion in past times and at different places as exist now at a given
place, the new measure would be perfect for the purposes required, jpro-
vided that there were any possibility ofascertaining the prices themselves^ and
approximately, apart from this special difficulty of obtaining prices, there
may be such a new measure which will be useful, though it is not ideally
perfect. For the purposes above stated, it is obvious something that is
very useful may be obtained without even an approach to ideal perfection.
The intervals of time and the differences of place may be so great that
useful distinctions may be drawn out, even although there is a wide
margin of error, and although it is certain that from such causes as the
introduction of new commodities and the dropping out of others, and the
continual changes in the proportions in use of all the others, absolutely
exact comparisons cannot be made.

But, apart from all such difficulties, which were fully discussed in last
reporf, it may be stated broadly that hitherto both students and practical
politicians have been limited even more effectually in their means of
measuring variations in the monetary standard by the absolute deficiency
of the data. It is practically, for instance, unnecessary for them to
consider whether they are to use the retail prices which must be used if
an id^l index-number based on desiderata is to be employed, because
there^ is no complete record of retail prices even at the present time, and
certainly there are no such records of retail prices in many different
places, and going back over historical ^periods. Similarly there can be
no question, as regards the past or present, of such an ideal standard as-
that suggested by Professor Nicholson, which depends on a valuation of
the property in a country, for no valuation approximately accurate
enough for such<a pui^ose could be made in any country at the present
time, ranch less could it be carried backwards for any lengthened period.

For these reasons nracticallv the best must be made of wholesale
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prices, for these are the only prices of which there are records—of which
it may almost be said there can be records, retail pieces being subject to
many difficulties, including the degree of * retailing ’ which may exist,

to become the basis of records capable of solYing the practical problems
stated. «i

In actual fact students and politicians have been still morjdimited.
There are prices and prices. Practically it is found that only tiro prices

of leading commodities, capable of being dealt with in large wholesale
markets, can be made use of, while the assumption must be made, so
numerous and varying are qualities, that certain articles may be taken
as types. For instance, in dealing with the values of wheat it is con-
venient to take English wheat, as represented' by the Gazette average, as

a type, and assume that all wheat sold in England varies in price as

English wheat does
;
but the assumption may not be quite correct, while

the Gazette average itself, if we look at the question historically, only
goes back a hundred years, and previous to that the historical student
must fall back on the records of the value of wheat at a particular place,

such as Windsor. Even greater difficulties arise with regard to other
articles, while for some purposes the prices of large masses of articles,

which *are obtained by such means as the division of the aggregate
quantities of the imports by aggregate values, are deficient, owing to

the changes in the qualities of the constituents of the group from year to

year or from period to period. In dealing with the question practically,

therefore, those concerned must always have an eye upon the data

and consider what is practically obtainable and what use may be made
thereof.

Looking at the subject in this way, then, the most important con-

clusion seems to be that for such practical purposes as those above
mentioned the methods already followed may be and have, in fact, been
approximately successful. With improvements they may be made more
useful, although ideal perfection is unobtainable, and even inconceivable.

What has to be considered is that the prices of leading commodities are

likely to vary on the average as all commodities vary on the average

;

that, if such commodities are selected without bias, the result, as regards
the selected articles, may be accepted as representative of the average re-

sult
;
that wholesale and retail prices will vary in much the same way, and

thal consequently the mean of a number of prices taken almost at random,
if there is a sufficient number to get rid of chance errors, may be de-

pended on to measure variations in the monetary standard in lieu of a
standard composed of all articles whatsoever, each receiving its proper
weight. Rough approximations only are possible, but according to the

logfic of statistics the defectiveness of the statistical data, though it has

to be recognised, is not an insuperable -barrier to the adoption of rough
approlimations which are valuable. Let us see what has been accom-

plished.

The * Ohronicon Preciosum,’ dealing with the chief articles only, as to

which records of price happened to remain, and using a plan of means in

which each article was corisidereiJ "to be of equal importance, showed
approximately that the value of money had changed from century to

century
; that, measured by the common articles of trade and consump-

tion, a sovereign did not go so far in the time of that book as it did

several centuries before—that it only commanded a sixth part of the

average of leading commodities which it had commanded several centuries



184 REPORT— 1888^.

previously. The whole calculation was very rough, but it conveyed a
sound historical idea ^hich was useful and fruitful in the absence of

a better. It also may be held to justify the action Bishop Fleetwood
suggested in the case of conscience referred to.

Adam Smith, substituting wheat alone as a standard, washable to

show ch^ges in the purchasing power of money, though, of course, it

would have been better to use more articles. Still the conclusion for

wheat alone, considering its great importance in those times, was good
enough to prove a change in the vgilue of money.

Sir George Evelyn’s index-number, submitted to the Royal Society in

1798, led to a broad conclusion not substantially different from those of
Adam Smith and Fleetwood. •

In later times the researches of 'Professor Jevons and the index-

numbers of the Economist^ Sauerbeck, and others, have demonstrated
conclusively that there has been a common movement in the prices of

leading wholesale commodities, proving a variation in the value of money,
relative to an aggregate of these leading commodities, which can, no
doubt, be made use of by historians and economic students when they
wish to give meaning to the money expressions of different periods.

There is, no doubt, a great lack of quantitative 'exactness in the past
discussions, and it naay be fairly urged that more consideration should
be given to the question of how to allow for the changes in the efficiency

of the human unit—a question raised by Adam Smith’s selection of
wheat on the express ground that the labour employed in producing a
quarter of wheat had remained unchanged

;
but to suggest that a parti-

cular method which has produced useful ideas may be improved upon
and made to yield more exact results is not to show that it is useless.

The Gazette average prices of grain used for the tithe averages have
also proved conclusively, on a large scale, that a currency different from
money may be practically made useful in deferred payments—that the
process can be put into a working Act of Parliament.

The considerations we have to suggest as now most important
practically, in preparation for more exact and complete measurements in
the future, are the following :

—

1. In the absence of retail prices—which it would be most convenient
to use in forming a standard of desiderata—use must necessarily be mi^e
of wholesale prices only. No other prices are obtainable, and those prices
must be preferred, in the selection of typical articles, where the records
are best.

It appears, however, from the best consideration of the subject, that
the differences likely to be made from the true result which would be
obtained from a more complete record of prices are not likely to be
material. On this bead the Committee would refer to a paper by Mr.
Edgeworth, which has been prepared for their use, and which is appwded.
The prices 6f articles taken without bias from a group are likely to be
fairly representative of the average course of prices of that group.

2. While an index-number assi^ing relative weight to different

articles so selected is an important means of arriving at a useful result,

it cannot be said, in the present state of the data on uie subject, to be an
altogether indispensable means. The articles as to which records of
prices are obtainable being themselves only a portion of the whole, nearly
as good a final result may apparently be arrived at by a selection with-
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H>Tit bias, according to no better principle than accessibility of record,

a:s by a careful attention to weighting. Un this head the Committee may
refer to the above paper of Mr. Edgeworth, which seems conclusive on
the sulWect.

3. Practically the Committee would recommend the use of a weighted
index-number or some kind, as, on the whole, commanding ihore con-

fidence. But they feel bound to point out that the scientific evidence is

in faVbur of the kind ofindex-number used by Professor Jevons—provided

there is a large number of articles—aif not insufficient for the purpose in

hand. Nothing is more remarkable in the comparisons of the recent

index-numbers than the correspondence of the curves of general course

of prices indicated. A weighted, index-number, in one aspect, is almost

an unnecessary precantion to secure accuracy, though, on the whole, the

'Committee recommend it.

4. The Committee have had before them a suggestion for a new index-

number, which might be used for some official and private purposes, based
on the practical considerations referred to, and making use of the best

wholesale prices, while having regard to the ultimate standard of de-

siderata. The np;ture and object of this index-number is explained in

“the accompanyiifg memorandum, which has the general approval of the

Committee, though they do not consider it necessary here to go into all the

details. The object is to provide something for which it would be possible

•to obtain and publish official prices, and by reference to which contracts

oould be made, and it is submitted for discussion and future reference.

6. It would bo most desirable to supplement any such index-number
by a good statistical account irom time to time of the aggregate income
of the people and the relative numbers and aggregates of incomes of

•different amounts. In some index-numbers in past times the wage of a
day-labourer is inserted as one of the articles. This may have befn
-correct enough for some purposes, and in the circumstances would not
prevent the “index-number from indicating the general changes in the
value of nioney in the periods compared. But the more usefhl method
would seem to be to distinguish between the human unit in production
and the thing produced. Among the most important comparisons for which
auch figures are used at all are the efiectiveness of labour at different

times and places, and the command of the labourer or other earner over the
amounts produced

; and these comparisons can only be made when an
independent standard of the production and consumption of the labourer

is set up, with which his earnings may be compared. No argument is

needed to show that, along with index-numbers as to prices of commo-
*dities, there should be an endeavour to ascertain the aggregate earnings

•of a community and the distribution of the earnings so as to show on the

•one sjj^e the command over commodities which different classes possess

—

the real as distinguished from the nominal incomes—and on the other

•side the relative effectiveness of the labour of a community at different

times or of one community compared with another.

The matters referred to them noit being fully exhausted, the Committee
would recommend their reappointment, "with a view especially to con-

sidering the question of an official ipdex-number or numbers for future

use in contracts, and what are the chief pqjnts to be looked at in the

nepessary enactments, both for obtaining the necedsary price data and for

settling forms in which contracts may be^expressed.
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MEMORANDUM ON AN OFFICIAL INDEX-NUMBER.

Table for the Construction of an Index-number.

Statemenit showing the estimated amount of the expenditure on the undermentioned
articles in the United Kingdemi and the proportion of the amount in each caseta

the toted expenditure on all such articles^ with suggestions for an index^umber
based approximately on the proportions stated^ but with modifications so as to

substitute percentages in roundfigures ; showing also the description of the spe-

djic wholesale artude^ the price of which it is pn'oposed to use in the calculation

of the index-number ; giving also *tihe price-list or other source from which
quotations are to be obtained.

1 2 3

" - —
•

4 5 • 6 7

s - Relative
*

%
1

m

A rfiiplpfl
Estimated

Per-
centage

importance
proposed for Description of the 'P’rfnA.IIc'h me

consumed
or used up

expenditure
per ann. on
each article

of each
amount in

column 3

each article

in index-
number

specific article of

which the price is to
be quoted as typioal

source for price
quotations

to total reduced to

» percentages

& ^ 000,000

d Wheat. • 60 6*6 51 English wheat . . . Gazette average
n Barley

'

s 30 3*26 5 „ barley . . . ^ 99 99

1
Vi

n

Oats . # 50 5*4 6 h20 yy oats • • • 99 99

Potiitoes, 1

rice, &c. j

50 5*4 5
j

„ potatoes . . Average import price

Meat . • 100 11 10.

. .

Mean of live meat Weekly market quota-

1
per stone of 81bs.

SmithfieUl
tions

and food

Fish . . • 20 2*2 2i 1.20
Average per cwt. Official returns (Board
lauded of Trade)

43

S
S

Cheese

'

Butter
Milk

,

• 60 6*6 f Cheese
t Butter

Average import price

99 99 99

s* Sugar . • 30 3*3 Refined sugar im- Average import price

V
Tea . .

I)orted

g
• 20 2*2 2i Tea imported . . . If >9 19

S Beer . • 100 11 9 1-20 Beer exported . . . Average export price
QQ Spirits » • 40 4*3 2i Spu*its imported . . Average import price

•S
Wine 10 1 1 Wine imported . . 99 99 99

Tobacco • 10 1 2iJ Tobacco imported 99 )9 99

1 „ r

tMD

.9
Cotton • • 20 2^1 Cotton imported . . Average import price
Wool • • 30 4 hlO

W(K)1 imported . . .
1 99 99 99§ Silk . • • 20 2i\ Raw silk imported . 99 99 99

o Leather . 10 mm 2IJ Hides imported . . 99 If 99

Coal • • 100 11 1011* Coal exported ... Average export price
Iron • • 60 6 1I 20 Scotch pig-iron . . Market price

to 3

Copper • 26 2i| Copper ore imported Average import price
Leadyzmc, 25 2iJ1 Lead ore imported . 99 * 99 99

tin, Ac. h
w Timber . 30 3*3

i
Timber imported . . Average import price

1
1—

1

8

Petroleum 5 •6 1
]

Petroleum imported

.

99 99 99

1

Indigo • • 5 *6 1 Indigo imported . .

Flax and
linseed

10 1*1 8
vlO

Flax imported . . .

99 99 ^
19

" 99 99 99

Palm oil . 5 *6 1 Palm oil imported . ft
99 99 99

u C a o u t -

chouc
6 •6 1

;
1

Caoutchouc imported
*

99 99 19

Totals . 920
•

4

Id this table the first column indicates six leading genera which
comprehend the twenty-seven classes of articles specified in the second

* There is a large consumption of barley, exclusive of its use in the manufacture
of beer.
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oolamn.* These articles are either finished products (things ready for
consumption, like cheese and milk) or represent such things by entering
into their production, as coal (used in manufacturing) and timber, for
instance, go to the production of houses and furniture.

The third column gives in round numbers (000,000’s being omitted)
the average national expenditure on each class of article at present and
for the last few years, and presumably also for the immediate future the
proportions at least, if not the absolute amounts, of expenditure (such
proportions, as shown in Mr. Qiffen’s reports on the variation in the
prices of exports and imports, remaining pretty constant during a period
of years). In the estimated amount of consumption allowance is made
for the addition to the value made before the articles are in the form in

which they are finally consumed.
In column 4 these amounts (or proportions) are reduced to percentages

(of the total amount expended on sum'll articles).

In column 5 the relative importance proposed to be assigned to each
article in the index-number is stated, mainly on the basis of the per-

centages in column 4, but with modifications so as to substitute even
figures for the convenience of handling.

In column 6 tl^p specific articles are described, of which it is proposed
to obtain the prices as typical of the group really included on the corre-

sponding line in column 2. Wheat, for instance, consists of many difierenf

kinds and qualities
;
the one quality and kind it is proposed to quote as

typical of the whole is English wheat as returned officially to the Comp-
troller of the com returns, which itself no doubt comprises many qualities.

Of iron, again, Ihere are innumerable qualities and kinds
;

it is proposed
to take Scotch pig-iron, in which there are large dealings, as typical of
the whole. The same with other articles. In most cases large groups
are dealt with because the article selected is the average imported or
exported, which includes many qualities, but it should be distinctly

understood that in any case the most that can be done is to select specific

articles which are typical of large groups.
In column 7 the source from which the quotation of the specific

articles mentioned in column 6 is to be obtained is stated.

The above is of course only a rough suggestion for an index-numberl
Even if the method is generally approved of, many questions might be
discussed as to the amounts of the annual consumption of each group of
articles specified in column 2, as to the relative importance to be assigned

pi^tically in column 5, and as to the selection of the article in column fi

which is to be treated as typical of the group. It would be possible to

introduce two or more quotations instead of one for a particular group if

thought desirable, but this would be troublesome in working. For
practical purposes there must not be too many articles. Mr. Edgeworth’s
mathematical deductions as to the consequences of taking the price of

an article selected at random from a group, instead of the general average

course of prices for the group, appear to justify the expediency of tins

procedure. •

Were such a general index-number introduced, and prices calculated

upon it backwards and forwards, it would be easy to rearrange it for any
special purpose, such as to give more or less weight to one or more
groups according as they are assumed to enter into tne consumption of a
particular class of persons whose position at different times as affected by
the course of prices is to be specially investigated. The index-number could
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also be compared with other index-numbers upon some other objective

basis, such as the relative importance of each article in the import and
export trade of a country

;
and index-numbers for one country and place

could be compared with those for other countries or places. The index-

nun^ber now suggested is only put forward as a convenient One, illus-

trating the variations in prices in England according to what is called

the standard of desiderata^ and which could be made use of—^not neglecting

others—in many investigations. *

It would also be an index-njimber on which, if people were so in-

clined, they could make contracts in a way analogous to the contracts for

the commutation of tithe ; . in which the tithe is made to vary according

to the prices of corn. To make the indek-number useful for this purpose
an Act would have to bd passed prescribing the way in which the prices

are to be obtained and published, and defining and giving a form for the

contracts which might be made for payments, to vary according to the

variation in the aggregate index-number. This would be a practical

Tabular Standard such as Joseph Lowe, Jevons, and lately Professor

Marshall, have suggested.

All such iiidex-numbers are liable to the observation that innumerable
articles are, and must, be, in the nature of things, whoSlly excluded. The
variety of small articles is almost infinite. The assumption may also be

' made, I think, that on balance the permanent tendency is for such articles

on the average, through the progress of invention, to increase in aggregate
importance in proportion to the other articles which can be got into an
index-number and, at the same time, individually to fall relatively in

price. In investigations general facts of this kind would, of course, have
to be borne in mind as qualifying deductions based upon the precise

^figures which the index-numbers may give. People making contracts

based on index-numbers would also require to study what the effect

would be likely to be on the result they wish to arrive at.

MEMORANDUM BY THE SECRETARY, PROFESSOR F. Y. EDGE-
WORTH, ON THE ACCURACY OF THE PROPOSED CALCU-

^ LATION OF INDEX-NUMBERS.

ANALYSIS OF CONTENTS.
Page

Theoretical estimate of the discrepancy likely to exist between the results

obtained by the Committee and those which they might obtain if the
materials were perfect . . . 188-198 **

Practical verification and summary statement of this estimate . . . 198-201
Comparison of the Committee’s Index-number with other schemes . . 201-219
"Where the data are the same for the compared methods .... 201-209
The Simple Arithmetic Mean 201-204
The Weighted Arithmetic Mean *204-205
The Geometric Mean . . . . . . . . . . . 206-206
The Median 206-209 .

"Where the data are not the same for the compared methods . . 209-218
Appendix showing the extent and signifioance of the difference between the

Committee’s scheme and others .
*

. . . . . . , 21.8

The usefulness of our result will be enhanced by an estimate of its

accuracy. It would be desirable, if possible, to ascertain a numerical
limit which the error * incurred by our calculation cannot possibly, or at

* The use of the term * error ’ to denote a deviation from an unknown ideal is*

somewhat infelicitous. But the advantage which the term has in being familiar to
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least with any re^onable probability, exceed. But it is doubtfu^l whether
stjiob a limit admits of being fixed with precision. The erronebnsness of
the conclusion could only be ascertained by inference from the inaccuracy
of the premises. But it is difficult to appreciate with mathematical pre-
cision the error to which our data are liable. We may, however, argue
that, if the erroneousness of the premises is approximately of a certain
amount, if the error of the data is of a certain order, then the error of the
concluston will be of a certain other order.

Of course, it will be understood that, in attempting to evaluate
mathematically the error of our result, we mean .its deviation from the
real numerical value of that quantity which w.e have here taken as our
gucBsitumi namely, the total national expenditure on material products at
any given time comparative with an initial epoch (abstraction being
made of any change in the total quantity of products which may have
occurred between the epochs).* The philosophical error which may be
committed by taking this sort of index-number as our ideal is the subject
of another sort of analysis.

The subject of our investigation being thus defined, we may show
that the erroneousness of the result is less than that of the data. There
are two lines of p^of converging to the truth of this theory. First, we
may reason a, priori by the Calculus of Probabilities that the index-number
is subject to a smaller percentage of error than the weights and price-

variations (given or referred to in columns 6 and 6 of the table).

Secondly, this deduction may be verified by actual trial. We may assign
a certain set of weights and price-variations as correct, and construct
several sets of variants diverging from the ‘ correct ’ figures in haphazard
fashion. Then, operating with each pet of variant data, we may calculate

several variant index-numbers. These, it will be found, diverge less

—

that is by a smaller percentage—from the correct index-number than any
set of variant data from the corresponding correct datum.

The second part of the evidence cannot be fully appreciated without
the prior reasoning. By itself it conveys only a moiety of the truth.

Those who are content with that fraction of knowledge are advised to
skip the small type and close reasoning of the immediately following
paragraphs and to pass on to the more easily read lessons of experience.

The index-number which is the result of our calculation is subject to a less

error than the data which enter into it, for two reasons. First : The numerator
and denominator of the fraction which constitutes the index-number form each an
aggregate of elements or parts, whereof each element is subject to a presumably
•Independent error. Now, by a well-known principle of the Calculus of Probabilities,

the percentage error of such an aggregate is less than the percentage error incident
to ea6h element (or at least to an element of average erroneousness). This prin-

ciple applies to the errors both of the weights and the observations (price-variations).

The ne^> consideration applies only to the fdrmer class of data. An error in any
weight aifects both the numerator and denominator in the same direction, whether
of excess or defect, and thus is to a certain extent self-corrected.

This reasoning may be exhibited more fiilly by the aid of symbols. Let us put
the series p^, p^, &c. . . . pn for the real price-variations. These price-variations

the student of Probabilities may, it is hoped, preponderate over the disadvantage

that it suggests to the general re^er a more gross, blmneworfby, and avoidable mis-

take than is contemplated here.
' For a more exact definition of the quwsitum, see in the First Report of the Com-

mittee the formula for the * Principal Standard.'
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may be conceived as percentages obtained after the manner of Mr. Palgraye (see

Table 26 of Memorandum in Appendix to * Third Beport of the Commission on

Depresdon of Trade*) by multiplying the ratio denote

the apparent price-variations, the erroneous observations, as (1 + e^fp^ (1 +
, . . p„(l + e„), where c,, are each positive or negative errors, usually

proper fractions. Similarly let Wi, &c., be the real weights; and Wj (l + Vj),

Wj (1 + ^3') &c., be the apparent, or erroneous, weights.
^

The index-number oWined from^such data is

jt?! (1 + e^ ) + Wq (1 + fit) X P3 (1 + S3) + &c.~
~
Wi <l + fj) + W3 (

1

+ eg) + &C.

Alike in the numerator and denominatdr of this expression we may segregate
the coiTect and the erroneoits portion ; and reason by the first of the principles

above mentioned that the incorrect portion is of a smaller order than the sum of
the correct terms (the number of observations being sufiSciently great). Accord-
ingly it will be allowable to expand by Taylor’s Theorem and neglect higher terms.
We shall thus obtain a simple expression for the error of the resultant index!-

number in terms of the errors to which each class of the data is liable.

This investigation may be broken up into three steps : we may consider suc-
cessively three cases in an order of increasing complexity,^ First (1) we shall

suppose that the weight-s only are liable to error. Then (2) we shall introduce the
ciicumstance that the observations, the price-variations, are themselves incorrect.

Lastly (3) we shall take account of the fact that certain categories of articles may
be altogether unrepresented.

(1) Under the first head we shall first consider the simple case when the weights
are really equal, though apparently somewhat unequal. In this preliminary case
the symbolic expression above written becomes simplified by the disappearance both
of the e’s and the w’s. Expanding and segregating the heterogeneous elements in
the manner indicated, we may write our result thus :

—

p^+Po + &c. r
j

+p>if<i + &c. _ ft
+ €3 + &c. ^

n I ^,+j02 + &c. n J*

where the term outside the brackets is the correct index-number, and the difference
of the second and third terms within the bracket is the error of the index-number

:

the relative error, as it may be called, or (if multiplied ‘ by 100) the percentage

error, in symbols if I is the correct index-number. The result obtained may

be written

In this expression call the factors of €„ &c., respectively Ie,, iE2,&c.
n n

Then the error whose magnitude we have to estimate, is i(Eie, + E„f2 + &c.).
1 n

To determine the probable and improbable limits of this quantity we require to
know the magnitude, or at least ^he average extent, both of the E’s and the v’s. The
former datum depends upon the dispersion of the observations (the price-variations)

.^bout their mean. For any E, c.y., «

. the deviation or error incurredby the individual price-variation as compared with
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the average of a whole set ; relative to (divided by) the average. Such a deviation

might be symbolised as if we put for the average price>variation.'

P
We may now proceed in two ways

:
(a) we may either suppose the deviations

E^f pertained for the particular year or epoch to whicm the calculation in
hand may refer

; O) or we may seek a measure for general use, and available
without tne trouble of examining the dispersion of the price-variations for a parti-

cular year. In either case we are to regard the e’s as errors grouped in random
fashion about a mean, which is zero. The coefficient which measures the dispersion

of these errors, the modulm for the e-fluoti^ation, must be supposed knowable.
€all it ic.

(o) On the former understanding, we are to regard E„ Eg, &c., as known factors.

Accordingly by a well-known theo.*em we have for the modulus^ which measures
the extent of the error.

n:
(®1 + ^2 ^2 + &C.),

* + E„ + &c. X IC,

or L- . /E,* + E,* + &c.V ^ X K.
n

(/3) Otherwise -^e are to regard Ej, E^, as samples, so to speak, taken from an
indefinite number—a complete series (in Dr. Venn’s phrase) of E’s. We must
suppose the coefficient of fluctuation, or modulus, for this series to be given by
prior experience. Let it be 0. Then we may put as the most probable value for

the measure or modtdus of —,
the error under consideration,

1 O

But this most probable measure cannot safely be used aS the best measure. We
must take into wcount that the real measure may be larger, and accordingly that,

by adopting the measure described as * most probable,’ we may be underrating Ae
probability of each extent of deviation (from zero) to which the quantity

i [Eifi + Egfa, &c.] is liable. However, the error thus introduced is only of the
n

order that is, the ]^=-th part of the magnitude to be evaluated. Now that

degree of error has been already incurred by the neglect of the higher terms in

Accordingly it would be nugatory to apply correctivesthe expansion of
^

to the error now under consideration.

We have now to introduce the circumstance that the weights, both real and

apparent, difier from unity. It is easy to see that in the new expression for ~
Wr
Sw

which may be put in the formthe coefficient of any weight-error is
o owp

^ E'r> where E'^ is now the proportional deviation of from the wetyhted mean

of the p

;

viz., Accordingly the modulus of becomes

+ Wg^E^ -f &c.

Sw
In evaluating the coefficient of k there are, as before, two courses. .Either (a)

we operate upon the known values of E\f E'„ &c., for the particular year or epoch

with which we are concerned ;
or (jS) we may make a general estimate based upon
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several years’ experience, and roughly applicable to the iinexamined data of any
year.

(o) In the former case there is nothing more to be said, except that it will be
lentimate in the evaluation of the modulus to put for Wj, w^j &c., their apparent
ymues; which may be written + &c. For the error thus
introduced into the modulus is of a neglectible order.

(/3) The general expression in terms of the E-fluctuation is found by consider-
ing that the most probable value of the quantity under the radical sign in the last

written expression is + &c.
j ^ ^ is the mean square of error

measured, not, asbefore,'i&omthe simple (arithmetical) mean (of many batches of*

^’s), but from the weighted mean
;
a difierence which may easily be shown ta

be for our purpose of an order which may be,neglected.

This may be proved thus

:

The deviation of any p from the Weighted Mean—the relative or proportionate
deviation—E'

Sow
-Pr

SV)

8W

This ratio may be thus expressed in terms of E,., the deviation of pr from the
Simple Arithmetic Mean. Put v for the difierence between the weighted and
simple means. Then we have

\n ^
^ p

1
n p

if we put j) for the Arithmetic Mean of then’s.

Now ” Sw " n Wj -f W3 + &c.

Substitute for its value (1 + Ej) (where p is the Arithmetic Mean of the

/)’8) ;
and we have

^ _
I”Ej + Eg + &c. ^W|Ej + + &c.~|

n Wi + w^ + &c, J
Sw
n -w.

^ ’ Sw

Sw
n
— Wo

tiw
+ &C..

n n

Put for the relative deviation ofany w from the Arithmetic Mean of all the w^s

(the coefficient of - pEy in the last written expression) Then we have
n

Cel’ll +n

The expression in brackets hovers about the value zero according to a law of error

whose modulus is— where C, as before, is the modulus of the E’s, and ^ is

I

the mean square ofthe ij’s. Hence' is of an order times smaller than C;^.

P
But from the equation connecting E'' and E it appears that the sum of squares

E'l* + E'g* + &c. which occyrs in the complete expression for the modulus of
Al may be written



ON VARIATIONS IN THSf VALUE OP THE MONETARY STANDARD. 193

0 -;-)

’

C® ' V
whencer, as » n 5- ,

it appears that the influence of - may be neglected,

n being supposed large.

We may therefore write
^

Modulus of ^ ;

i Sw n/2

' or, employing the notation which we had lately oecasion to introduce

:

Modulusof ^ - i X a/i X ^x-S- X «•
I ^ V 2 Vi

This formula may be employed to utilise present as well as past experience. If

we treat and as respectively the mean square of deviation obtained from

the set of weights and price-returns entering into the index-number which'we are

computing, we shall thus have an approximate formula more convenient than the

complete expressicn for the Modulus.

(2) We have now to introduce the circumstance that each p is liable to an
error pe. Each element of error of the form Ile^ is now aggravated by an element

of the form Pe^* Accordingly the modulus of the total error will be Vn * + PV,
where k and c are the moduli for the independent partial errors respectively, n is

the coefficient of k in the expression for the modulus of — (2) A’DA P® is

easily seen to be equal to
SWr^Pr'

(Swp)^

There may now be required, as before, a general formula applicable without
any examination of the prices and weights on a particular occasion

;
or without

other data than the coefficients expressing the dispersion of the prices and weights
respectively. With this view, employing the notation already explained, and
rejecting terms which may be shown to be of an inferior order, we may put for

Swr^Pr^

(Svp)^
the expression

Hence for the modulus of^ in the general case we have

\/n

(3) So far we have been estimating the errors due to the weights and prices

of the articles which enter into our index-number not being accurate. We have
now to take into account that not only are all those articles misrepresented, but also

that certain other articles may be wholly unrepresented. For it is unlikely that all

the Glasses of products which ought by rights to enter into an index-number can,

even constructively, put in an appearance.
We have now to superinduce the error due to such omission upon the errors

already estimated. To effect this we proceed in the same way as when compound-
ing the errors proper to our first and seepnd headings. That is, we shall separately

evaluate for the third species of error its modulus squared, or Jkuctuation^ as the

present writer has proposed to term this important coefficient. Then we shall add
the third fluctuation to the sum of the two preceding : that is, to the square of the

formula given at the end of the second heading.
To find the fluctuation proper to the third heading, let us begin with the simple

case in which the weights are all equal. As before, let Su represent the sum ofthe

1888.
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observed (comparative^ prices; let n be tlieit number; and for ^ put simple/).

Let S''/) be the sum, and the number, of the unobserved prices. Then the error

incurred by putting p for the Mean of all the prices, the relative error is

(
S/) + S^jt)_

Sp|
+ S'jt)

\n + n' nj*n + )i'

The most probable value of this expression is zero; while its Jluotuation is

found to be, in terms and by methods already explained,

1 2nn' ^2- X —
,
X C*.

(w + '»)')'*

Kow superadd the circumstance that the weights are various, dispersed about
their mean according to the modulus The e'Hect of this attribute is to multiply

the fluctuation last written by 1 + ^. The resulting expression is to be added to
2

the square of the formula given at the end of heading (2). The efiect of this

addition is to insert a new term under the last radical in the formula for the
Alodulus. This new term is

2nn' ^2
(n + n'Y

'

.

• • • •

This formula will require modification, if there is reason to believe that the
omitted articles have not the same average weight as those which are included

;

for instance, if, as is likely, the omissions are many in number, but inconsiderable
in weight.

It will be noticed that in passing from (the dispersion of) the observed prices

and weights to what has not been observed thei’e is an inductive hazard greater
than is involved by solutions of cases (1) and (2) in their more exact form, and
while we suppose^ (as in the examples which will be adduced below) that the errors

of weight and price emanate from regular and stable sources, so as to admit of safe
prediction.

As in case (2), we may suppose the coefficients x ^ based either on prior
experience or on the data appertaining to the particular calculation which is in

'

hand.
It will be observed that these coefficients do not contribute equally to the re-

sultant error represented by our formula. C, expressing the dispersion of the prices,

is more efficacious than y, appertaining to the weights. Similarly c, the measure of
the error incident to the prices, aflects the error of the index-numW more than k,

the corresponding modulus of the weights.
It is proposed now,to illustrate the formulee which have been given by working

a few examples. In these examples the statistical materials, the prices and
weights, are taken out of Mr. Palgrave’s Memorandums^ from tables 26 and 27
respectively. The unstatistical arbitrary assumptions which will be made are that
any price, and likewise any weight, is as likely as not to be out, in excess or defect,

of the true figure by 10 per cent., but very ujilikely to be out by 40 per cent., or,

more exactly, that the apparent values fluctuate about the real one in conformity
with a modulus which is 21 per cent.

Of the immense variety of cases which might be constructed by combining in

difierent ways the attributes which define the preceding paragraphs, it will be
sufficient here to discuss the most important case (2) of both weights and prices

subject to error—divided into two species, ^according as (a) we utilise all the data
specif to the calculation in hand, or (^3) content ourselves with the most summary
estimate.

Let us apply these tests to Mr. Palgrave’s computation of a weighted mean for

the year 1886 {^Memorandum in Appendix to Third Repm't on the D^ression
of Trade). First, according to methoa (a), the expression for the (proportionate)
error due to a particular element of the index-number, the weight and price of a
particular commodity, is
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Wr

Stcjp 8W J sw
Whence, aa the Modulus of the error to which the computed index-number is

diable, we have—^putting for the weighted mean of the price-returns, and remem-
bering that c and k are the Moduli of the errors e and « respectively

—

SWr^ip'-prYK^ + SWrW<^-Swp

The* ttj’s are given in Mr. Palgrave’s column headed * Eelative Importance/ /

(table 27, year 1886). The j?’s are to be extracted from his table 26. The
weighted mean^' is, according to him, 76. And Swp is (he sum of his column (for

the year 1886), headed * Comparative,’ &c., mvdtiplied by 100 ;
that is 166,900.

The rest of the expression above written is evaluated in the following table
\
of

which the materials are taken from < the sources named. The third column is

formed by subtracting from each of the entries for 1886 in Mr. Palgrave’s table
26

—

eg.y ^ the price of cotton (comparative with 1866-9)—the weighted mean
76. The last three columns in Mr. Palgrave’s table 26, relating to Cotton Wool^
Cotton Yarn, and Cotton Clothy are omitted, as they do not figure in this table 27,
«.nd, it may be added, cannot be supposed independent of the price of cotton.

The last column in our table is formed by squaring each entry in Mr. Palgrave’s
column headed * Comparative,’ &c. (table 27^ year 1886), and omitting the last

^igit :

—

No. of
Article

Name of Article W

Cotton . • « 263

GO’S

omitted

GOl -38 1,444

00,000’s

omitted

998

00,000’s

omitted

1,000

Silk . . • # 12 1 -23 629 0 4

Flax; &c.

.

• • 49 24 -16 226 0 90

Wool . . • • 142 202 - 7 49 10 980

6 Meat . . • f 524 2,745 + 26 676 1,866 28,622

HI Iron . . * • 160 226 + 6 36 8 1,610B Copper . • « 39 16 -27 729 11 63

. 8 Xj09/(]L • • • • 13 2 -19 341 1 6

9 Tin. . . • • 16 23 + 2 4 0 14

10 Timber , • • 164 269 + 31 961 268 3,099

11 Tallow • • 28 8 + 8 64 0 68

12 Leather . • 80 64 + 34 1,166 73 774

13 Indigo • • 5 0 + 36 1,226 0 4

14 Oils . . • • 49 24 - 7 49 1 116

16 Coffee . . • • 8 1 -14 196 0 3

16 Sugar . . • • 149 223 -23 676 128 624

17 Tea . . • • 71 60, - 7 49 2 240

i8 , Tobacco . • • 29
•

8 + 27 729 6 90

19 Wheat . • • 410 1,681 -16 266 430 6,866

Sums 2,200 6,266 3,781 43,142

o 2
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According to the hypotheses above made let ns put c and k each *21.

for the sought Modulus we have
Then*

•21
>/378,100,000 + 4,314,200,000

100,000
=» *21 X *41 (nearly).

Thus the error incident to e4ch of the data has been reduced by a half in the*

result. It may be observed that the prices contribute much niore largely than
the weights to the total error. If we reduce the error incident to each price-return

by a half, making its modulus *1, instead of *21, the total error of the result will

be reduced by nearly a half—from mpdulus *086 to modulus *046. If we suppose*

the price-return to l)e quite correct, then the error of the result due to the weights
alone would be nearly half as small again, namely, of modulus *026. This is agree-

able to what was said above, that an error of, the prices affecting only the nume-
rator of the index-number is not, as in the C)^§e of the weights, compensated hy an
error affecting the denominator in the same sense.

Let us see now (jS) how we should have fared if we had based our estimate on the^

growing of the weights and prices in prior experience.

The dispersion of the price-returns, the coefficient C in the general formula,

is thus to be found—in the case of the year 1884 for example. The arithmetic

mean of the first nineteen entries in table 26 for 1884 is 81 nearly. The * differ-

ences* and squares of differences are computed in the accompanying table. The
mean square of difference 353 divided by the square of the ipean 6561 forms an

. . O'* ^
approximate, a primd facie value for

,
namely, ’04.

*

Name of Article Differences Squares of Differences

- +
Coffee . . . •

.

11 121
Sugar 4 16
Tea 0 —
Tobacco 9 81
Wheat 8 64
Meat 22 484
Cotton 44 1,9.36

Silk 16 226
Flax, &c. 22 484
Wool 8 64
Indigo 26 676
Oils 0
Timber 24 676
Tallow ..... 28 784
Leather..... 26 626
Copper 11 121
Iron 6 26

'

Lead 20 400
, Tin . . . 9 81

Sums 148 143 6,766

Mean square of difference = « 363.

t

For the year 1880, taken similarly^as a random specimen, the mean (of the
nineteen prices) is found to be 93*5, and the mean square of differences 434...

0*

Accordingly the value for is *05. Proceeding similarly for 1873, another year

02
taken at random, we find for again *05. As the mean of the three values we*

may put *05.
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To find the dispersion of the w’s we proceed similarly. The arithmetical
^ean is for every year 2200 -- 19, or 116 nearly. Tl^ ^ differences ’ are to he
‘formed by subtracting this figure from each of the entries in Mr. Palgrave’s

•column headed Relative Importance, The sum of the squares of the differences is

to be divided by 19 for the absolute mean square of difference as it may be
•^called. This result, divided by 116*, gives the mean square of error relatively to
the mean weight. The values thus extricated for the years 1873, 1880, and 1884
respectively are, in round numbers, 364,000, 36,100, 367,000 : each divided by
:26o,664k( = 19 x 116*)

;
whereof the mean value is 1*38,

Substituting in the general or summary formula for the modulus of^ the values

ifor C* and just'^ascertained, and for C and k the assumed value *21, we have

X V2*38 X >/*06 X *044 + 1*06 x *044 = x 1*64 x *22 (nearly) «= 077 ;

whereas the answer found by the more exact method was 086. This consilience

seems greater than might have been expected, considering the small number of the
• elements entering into.the computation—only nineteen—and the scantiness of the
induction by which we determined the coefficients C and x*

If we employ the summary formula as a short method of utilising the data

special to the index-number of 1886, we shall find that as based upon the flue-

tuation ofprices for this yqpr is 08; and ^ the mean square of deviation for the

vw’s is still 1*38. Hence, as the approximate expression for the modulus, we have

X 1*64 X *21A/m= *08.

‘Thus we reach much the same result by the shorter as by the more tedious route.

We shall presently—in the portion of this paper addressed to the general

'reader—^try an experiment calculated to verify our deductive reasoning—so far as

^ theorem in the Calculus of Probabilities can be verified by a single experiment.

We shall affect each of the elements in Mr. Palgrave’s index-number for 1886,
• each weight and price, with a figure taken at random from a series of figures

hovering about unity in conformity with a modulus equal to *21. Such a series

'the writer happens to have ready to hand : consisting of sums of twenty digits

'taken at random from mathematical tables, where the mean value is 90 and the

absolute modulus 19. The relative modulus, therefore, the modulus for the series

•when we divide each aggregate by 90, is *21. Accordingly it will be sufficient

.to multiply each weight both in the numerator and the denominator with one of

the sums (of twenty digits) taken at random, and similarly affect each price enter-

ing into the numerator, while the denominator is multiplied by 90.

To resume now, in popular language, this somewhat technical inquiry.

The subject under' investigation is the error to which our computation of

index-numbers is liable—the error relative to, or per cent, of, the true

value which we seek. We want to know, for instance, whether it is as

llikely as not that our calculation exceeds (or falls short of) the correct

result by 10 per cent, of that result ; whether it is very improbable that

‘the ex6ess (or defect) should be as great as 25 per cent.

The error thus conceived is found to depend in a definite manner upon
-staj distinct circumstances. The erroneousness of the result is greater, the

:greater the inaccuracy of the data, vij., the weights, and the (comparative)

iprioes. The erroneousness of the result is also greater, the greater the

^inequality of the weights, and' the greater the inequality of the price-

tretums. Lastly, the result is more accurate, the greater the number of

'the* data, and the smaller the number of omitted articles.

These circumstances are not all equally operative. Other things being

ttbe same, the inaccuracy of the price-returns affects the result more than
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inaccuracy of tbe weights
;
and the inequality of the price-returns more*

than the inequality of the weights.'

The only proof of the theory which can be offered to the unmathema*
tical reader is to verify it by actual trial. We may assume a certain set

of data as perfectly correct : then affect each of them with an error such

that the modified datum is, say, as likely as not to be in excess or defect

by 10 per cent. ;
is very unlikely to be out by 30 or 40 per cent. ; and

cannot, humanly speaking, be out by more than 50 per cent. A«simple'
method of affecting a given set qf figures with an error of this degree is

to multiply each of them with a figure formed by adding together twenty
digits taken at random from mathematical tables or statistical returns

dividing each product by 90 (the mean a^Kiut which aggregates of twenty
random digits hover). The data thus artificially affected with error are

now to be used in the computation of an index-number, an erroneous*

number, which is to be compared with the result assumed to be true as

having been deduced from the unfalsified data. A great number of such
trials having been made, it will appear that the erroneous index-numbers-
deviate from the true one with the frequency and to the extent predicted

by theory.

A specimen of this verificatory process is subjoined here. The data*

employed by Mr. Palgrave in his computation of an index-number for*

1885 ^ are assumed to be correct; then each datum is displaced or falsi-

Artic^
«

Beal

weights

Sums

of

twenty

digits

Apparent

weights

Beal

prices

Sums

of

twenty

digits

Apparent

prices

x90

Apparent

weights

X

apparent

prices,

0,000’s

omitted

Cotton •
•

• • 263 81 18903 38 82 3316 6268
Silk . • • 12 69 828 63 99 6247 434
Flax, &0» s • 49 97 4763 61 97 6917 2812
Wool • • • 142 80 11360 69 81 6689 6849
Meat. • • 624 68 36632 102 74 7648 26913
Iron . • • 160 81 12160 82 88 7216 8767
Copper • m 39 87 3393 59 87 6183 1739
Lead • 9 13 6 868 67 85 4846 415
Tin . • • 16 85 1276 78 104 8112 1034
Timber • • 164 71 11644 107 no 11770 13706
Tallow • • 28 87 2436 84 94 7896 1924
Leather, &c. • • 80 110 8800 110 84 9240 8131
Indigo • • 5 74 370 111 no 12210 4518
Oils . # • 49 89 4361 69 69 4761 20806
Coffee » • 8 86 680 62 62 3844 2613
Sugar • • 149 80 11920 63 109 6777 ’ 6886
Tea . • • 71 96 6816 69 79 6461 3438
Tobacco • • 29 93 2697 103 89 9167 2478
Wheat • • 410 81 33210

i-

60 111 6660 22118.

1

Sums • • • •
— — 172486 1427 1714 129697

>

141S48

- — — — 76-1 76-7 81

* See above, p. 196.
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fied in the manner above described, and a new (erroneous) index-number
is deduced.

In this table the first column contains the names of articles in the
order adopted by Mr. Palgrave in his table 27. Th^ second column
contains the * weights *

assigned by him under the heading of * Relative
Importance.* The third column consists of multipliers formed by adding
twenty digits at random, and thus calculated to deflect the weights from
their., respective true values to the extent of, say, 12 per cent, on an
average. The fourth column gives ^he new system of weights thus
affected with error. The fifth column contains (comparative) prices

taken from Mr. Palgrave’s table 26. The sixth ’column furnishes a new
set of multipliers assigned by chance. The seventh column gives the
prices affected by error, and multiplied by 90 (the average value of

the chance-multipliers). The eighth column gives the product of the
erroneous weights and the erroneous prices ( x 90). The sum of* this

last column, 1,413,480,000, divided by ninety times the sum of the
erroneous weights, which sum is 172,486, gives the erroneous index-

number 81 ; whereas the true index-number, on the assumption here
made that Mr. Palgrave*s data are absolutely correct, is, as computed by
him, 76.^ «

Thus the falsified result is too great by tj%, or about 6 or 7 per cent.

That is a result quite consonant with the theory which assigns such a
measure of the error to be expected * that the result is as likely as not to

be out by 4 per cent., and that the odds are only five to one against the

error being so large as 8 or 9 per cent. It would have been nothing
miraculous if the result had been out by sixteen per cent.

;
nothing more

extraordinary than, for instance, the •fortuitous sequence which may be
observed in our third column of eight random aggregates falling below
the average about which they should oscillate, namely 90.®

The same table furnishes another verification, if, making abstrac-

tion of Mr. Palgrave*s weights, we assume the index-number calculated

on the principle of the economist to be correct, and regard the figures in

our sixth column as erroneous weights (the true weights being all equal).

Upon this understanding we have the true result, the Simple Arith-

metic Mean of the comparative prices, 75*1
;
whereas the erroneously

Weighted Mean is 76*7, that is, it is in excess by about *8 per cent. Now
the measure of error here predicted by theory is such that an error of

‘7 per cent, is as likely as not to occur. The occurrence of *8 per cent-

is therefore eminently consonant with the theory.'^

* Third Report on Depression of Trade., Appendix B. Memorandum by R. I. Pal-

grave. Tables 26 and 27.
* Taking 8*5 as the Modulm of the resultant error. See above, p. ] 97.

* fhe probability of an error exceeding 1*9 times its modulus is *0072. The prob-

ability of the sequence referred to is *0078

* By case (1) above, p. II, the modulus

is found to be ’08, and k is ‘21. Whence the modulus is about *014, or 1'6 per cent.

* Perhaps it may be asked here whether the example'giveu is suited to exemplify

our estimate of the third species of error (see above, p. 193) : that dhe to the total

omission of certain articles. The answer is that this estimate, involving a larger,

element of induction, does not profess to be so amenable to verification as those

which are derived from known and steady * sources of error,* like our aggregate.** of
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It might be desirable to apply this sort of test on a large scale to the

computation recommended by the Committee, and to prove by specific

experience the conclusions which are deducible from the Theory of Prob-

abilities concerning the accuracy of any index-number.
These conclusions cannot he stated in their most exact forift until

the price-returns, as •well as the weights which enter into the computa-
tion to he tested, are assigned. But even at the present stage of our

procedure, and without reference to the price-returns of a particular

year, we may approximately estiro^9,te the accuracy of index-numbers of

the kind proposed by the Committee. For the purpose of a rough esti-'

mate it is enough to know thje weights (which are assigned in the Second
Report of the Committee) and,to utilise ^st experience concerning the

course of prices in this country. A certain datum, ^ which had better be
determined precisely from the price-returns from the particular year
to which the index-number relates, may be approximately obtained by
induction from the experience of past years.

Eliciting the required datum from the prices recorded by the Econo-
mist we may provisionally assert the following propositions concerning
the accuracy ot index-numbers such as the Committee has proposed.

These, it will he recollected, involve twenty-seven Engjish price-returns

and twenty-seven assigned weights.^

(1) In such an index-number, if the weights alone are supposed sub-

ject to error, then the average error of the result, its erroneousness as one
may say, is twenty times less than the error to which each weight is liable.

(2) If the price-returns alone are liable to error, the erroneousness of
the result is shout four-and-a-1ialf times less than that of each datum.

(3) In the general case, when both prices and weights are liable to error,

then, if that error be the same for both species of data, the error of the re-

sult is still about four-and-a-half times less than that same. If the error

of the weights become twice as great as that which is incident to the
prices, other things being the same, the error of the result is not materially

increased. The error of the weights would need to he five times as great as
that of the prices in order to increase the error of the result by 50 per cent,

(making it only three times less than the error incident to the prices alone).

The practical conclusion from these propositions appears to be : Take
more care about the prices than the weights.

More detailed statements cannot be made without some assumption
as to the degree of inaccuracy to which our data are liable, the extent to
which our estimates of weights and prices deviate from the figures which
would be assigned if our knowledge and theory were perfect. In enter-

taining any suppositions as to the extent of this discrepancy, it is proper
to conceive that the larger deviations, the more extensive errors, are less

frequent in the long run, or more improbable. ’ Thus, if we suppose that
a deviation of each datum, weight or price, to the extent of 10 per cent.

digits. Moreover, such verilication as the theory admits would require a larger
number of items than the table in the text; contains. • For in general it must be
assumed that the numbers both of the inclitded and excluded articles are large. Now
it is impossible to carve two sets of * large numbers ’ out of nineteen.

* The coefficient C defined above, p. 191.
^ As givennn Mr. Palgrave’s table 26 (see above, p. 196).
» Namely, 6, 6, 6, 6 ; 10, 2^. 7^ ; 2^ 2^, 9. 2^, 1, 2^ ; 2^, 2^, 2| ; 10, 6, 2^, 2^

;

3, 1, 1, 3, 1, 1. Whence the value of ^'^^2 (see above, p. 193) is found to be -06*
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is as likely as not, then it may be presumed that a deviation of 20
per cent, is not likely, of 30 per cent, very unlikely. Upon this hypothesis,

• according to the general formulae aboveinvestigated, the error, or fortuitous
deviation from the ideal, to which the Committee’s index-number is liable

is as likely as not to be as large as 2 or 3 per cent., but is unlikely
to be 6 per cent., and very unlikely to be 10 per cent. Now let us
entertain the more unfavourable and almost certainly extravagant
hypothesis that each datum is as likely as not to be out by 25 per
•cent., and may just possibly err to the extent of cent, per cent, (an
•error which, if possibles excessy is almost inconceivable in defect). Upon
this hypothesis our index-number is as lik,ely as not to be out 5 per
•cent, but is not likely to be oxti by lOi and very unlikely to be out by
15, per cent.

*

The presumption that our calculation is not likely to be far out is

•confirmed by comparing the results obtainable by our method with those
cbtained by other operators upon difierent principles. If the compared
^gures differ little from each other it is presumable that they differ little

from the true, the ideally best, figure : that which would be obtained if

•the data were perfect.

The index-nunyiers which challenge comparison with that proposed
by the Committee may be arranged under four categories, namely ;

I. Those which are formed by taking the Simple Arithmetical Mean of
the given price-variation

;
the principle of the Economises index-number,

•or rather what would be the principle of that operation if the prices

•operated on had not been selected with some reference to the quantity of
the corresponding commodities.

II. What may be called the Wlighted Arithmetical Meany each price-

variation being affected with a factor proportioned to the quantity of the
•corresponding commodity, the principle adopted by the Committee.

III. The Geometric Mean, as employed by Jevons.

rV. The Median, proposed by the present writer as appropriate to
•certain purposes.^ It is (in its simplest variety) formed by arranging
the given price-variation {e.g., 98, 80, 88, 87, 86) in the order of magni-
tude (e.g., 80, 86, 87, 88, 98) and taking as the Mean the middle figure

<(in the above example the third figure, i.e., 87).

Under each of these headings it is desirable to supplement actual

verification with d priori reasoning based on the principles laid down in

the earlier part of the Memorandum.
We may begin with the case (A) in which the price-variations are

Supposed the same for the compared index-numbers. Later on (B) we
«hall take examples in which both the price-variations and the mode of

•combining them are different.

A.

J. Let us take the prices which are to hand for 21 (out of the 27)
items of our index-number in Mr. Sauerbeck’s well-known paper on the

prices of commodities.^ Let us forni the Simple Arithmetic Mean of these

prices for the year 1885, and compare it with the Mean obtained by
^applying our system of weights to the same prices. The operation is

* See sect. ix. of Memorandum * On the Methods of measuring Variations in the

Value of the Monetary Standard,’ Brit. Assoo. Meport, 1887.
* Jov/mal of the Statistical Soqiety, 1886.
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1885 1^^ 1873
,

1 2 8 4 6 7

Articles common to

Sauerbeck and
the Committee

Price-

variations

for 1886
give n by
Sauerbeck

Weights
assigned
by the
Com-
mittee

Product
of

columns
2 and 3

Price-

variations

for 1873
given by
Sauerbeck

Weights
assigned
Iw the
Com-
mittee

' Product
of

columns
6 and 7
•

Wheat .... 60 •• 5 300 108 6 640
Barley . . v •• 77 6 385 104 5 620

Oats .... .79 5 395 98 5 490
Potatoes and rice .

' 67 5 ‘ 335 116 6 680

Meat .... 88 10 880 109 10 1090

Butter .... 89 n 668 98 n 736

Sugar .... 59 147-5 101 H 252-5

Tea 64 160 102 H 265-5

Cotton .... 62

2^
2i^2

166 100

2|

260
Wool .... 73 182-6 118 345

Silk .... 55 137-6 9.V 237-6

Leather .... 94 236-6 117 4 292-6

Coal .... 72 10 720 145 10 1460
Iron . . 60 5 300 170 5 850
Copper .... 57

^2

142-5 112

4
280

Lead .... 57 142-5 117 292-5

Timber .... 81 3 243 111 3 333

Petroleum 55 1 66 122 1 122

Indigo .... 72 1 72 92 1 92
1

Flax .... 73 3 219 97 3 291
Palm oil.... 77 1 77 97 1 97

Sums 1,471 81'6
^
6962 2329 81‘5

)
9394-6

Means , 70 70-6 110-4 115

'•V.

exhibited in the annexed table, the latter columns of which present a
similar comparison for the year 1873. The two results may thus be
summed up

:

-
1886 1873

Simple Arithmetic Mean 70 110-6

The Committee’s Weighted Arithmetic Mean .

r-'""- — — — *

70-6
,

115 •

The relation between these results is predictable by, and consilient

with, the conclusions of d priori reasoning. Accordingly the inference

tlmt the deviation between the two computations is not likely to exceed a
small percentage may safely be extended to adjacent cases.

It follows, from the principles laid down in the earlier part of this Memorandum,
Ahat the discrepancy to he expected between the two results depends on three ciiv

3 cumstances : the number of items, the inequality of the price-variations, and tha
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inequality of the weights,

notation,

The measure or modvlm of the discrepancy is, in our

where n is 21 ;
C is presumed (by a sufficient, but certainly not very copious, induc*^

tiqn) to be from *2 to *3
;
and x is found to be about *9.1

It follows that of the observed discrepancies, *6 and 6, one is, djpmn, more
likely;than not to occur, and the other not unlikely. A rapidly increasing improb*
ability attaches to the higher degrees of divergence.

Of course it must be understood that theorem in Probabilities, this state''

ment of what will occur in the long run, is based upon the supposition that the
weights are distributed impartially among the pjice-variations. But if through-
out the whole run the largest weight is attached to the largest, or smallest,

observation, the then fortuitous cbdiracter of the phenomenon is impaired. In<

fact the ^ long run ^ of which the theory may be expected to be true is a series of
heterogeneous index-numbers not of consecutive years. Something of this sort

is observable in the case of Mr. Palgrave’s Weighted Mean compared with the cor-^

responding Simple Arithmetic Mean. The enormous weights attached to the
continually low-priced Cotton and the continually high-priced Meat seem to affect

the Weighted Mean abnormally. To effect the comparison, we must not take the
averages given in Mr. Palgrave’s table 26, but those which are obtained by
omitting from that ^able the three items Cotton Wool, Cotton Yarn^ and Cotton

Cloth, which do not occur in the compared table 27. The annexed comparison
does not present the appearance of pure chance. The discrepancies are rather leas-

in magnitude than the theory requires. For the modulus, as deduced from Mr.
Palgrave’s system of weights, proves to be about 8*6 ,per cent, of the Mean 80 or 90 :*

that is about 7, corresponding to a probable error of about 3'6, The set of dif-

ferences above registered seems to range a little within the limits so defined.

1870 B
Mr. Palgrave’s Weighted
Mean for 19 articles

90 93 100 104 108 97 99 100 95 82 89 93 88 80 76

The Simple Arithmetic
Mean for the same
articles

94 95 107 92 99 82 93-5 86 89 86*5 81 75

Excess of Arithmetic over
Weighted Mean

-i-4 1 -6 0 +1 -2 -^4*6 -7 +2 1+ 1 -1

Th%reason is, doubtless, that the impartial sprinkling of the prices among the

weights, presupposed by theory, is not fulfilled in fact. Had it happened that

* See above, p. 196, where the present writer records the Mean 8qv4x/re of Deviation
for the piTice-variation of nineteen different articles (given by the Economist') in

different years. The Mean Sqnare of Deviation for the figures given by Mr. Sauerbeck
seems to be much the same. Again, the vfnteT has, with much the same result,

ascertained (by the Galton-Quetelet method) the quartiles for a few groups of
English prices, like those given by Jevons. For example, in the case of the thirty-

nine figures of the prices for prime articles in 1860-62 comparative with 1846-60'

(^Chtrrenoy and Finance^ pp. 61, 62) the quartile (half the interval between the tenth

and the thirtieth) proves to be 11, corresponding to a modulus of about 22 per cent.

If, however, we take in all the 118 articles given on the same page the quartile is 17.

The groups of thirty-nine on Jevons’ page 44, so far as they have been examined, give

much the same result as the thirty-nine« on pages 51, 62. Jevons himself gives 2^
as the * probable error ’ incident to the ^ean of thirty-six price-variations ( Cwrrenoy

and Fnanoet p. 167)—corresponding to a probable error of 16, a modulus of 39
for the individiml price-return. Doubtless the dispersion may be expected to be

greater the more distant the base. If precision could be expected, it would be proper

to express the coefficient as a percentage of the mean price-variations at each
epoch rather than of the initial price or basis.

* See end of last note.
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tliroughout the whole run all the largest weights had he^n attached to the articles

whose prices were continually low, cotton, and (for the last few years at least)

silk andj^r, then the discrepancies (between the weighted and simple mean)
would have been rather larger than theory predicts. Thus, for the year 1886 1 make

. silk exchange weights with meat, and thus bring down the index-number to 64 ; a
• discrepancy from the Arithmetic Mean which, if continued—^as it probably would be—^from year to year, would be a little too great. Similarly, when wheat exchanges

weight with leather, and cotton with indigo, the index-number works out to 92

—

a

discrepancy of two moduli, which is much too large for a continuance. ^

This sort of abnormality is less likelv to occur in the case of our scheme, where,

none ofthe weights are so large as some m Mr. Palgrave’s. Still, before pressing the

theory, it is proper to exaihine whether the larger weights—in our case those of

meat,jfi8h, and coal—are, from year to year, coupled with extreme price-variationS.'

Whenever law of this sort is discernihlp^ the doctrine of Chances hides its

inferior light, which is serviceable only in the night of total ignorance. The pure
theory of Probabilities must be taken cum grano when we are treating concrete

problems. The relation between the mathematical reasoning and the numerical

facts is very much the same as that which holds between the abstract theory of
Economics and the actual industrial world—a varying and undefinahle degree of

• consilience, exaggerated by pedants, ignored by the vulgar, and used by the wise.

II. Next let us compare our result with that obtained by using some
other system of weights, e.g., Mr. Sauerbeck’s. In the awnexed table, page
205, column 1 is the same as column 2 of the last table, containing Mr.
Sauerbeck’s prices. Column 2 gives Mr. Sauerbeck’s weights (for 1885)
reduced to percentages of the total weight assigned by him to the

twenty-one articles which are common to him and the Committee.
For example, 61 is the weight actually assigned by him to wheat. This,

multiplied by 100, and divided by 559, the sum of all the weights assigned

by him to the twenty-one articles, gives 11 (nearly).

It is an interesting result of theory that the difference to be expected between
the two weighted index-numbers (for the same twenty-one price-variations) is

.:about the same as, or only a little less than, that between one of them and the

..Simple Unweighted Arithmetic Mean. This result is found by putting for — in the
Th

formula given above ^
> where e', c", express deviations for the two systems

IfV

of weights respectively. If

1886 1878

The Committee’s System of Weights .... 70*6
IIQJIII

Mr. Sauerbeck’s System of Weights .... 73 116,
/

The comparison between the two systems is presented in the accom-
ipanying summary. The slightness of the difference between the cbm-

* The effect of large weights combined with high prices is strikingly shown in an
index-number (attributed to Dr. Paasch^)*which is published in Conrad’s Jah/r-

. vol. xxiii. p^ 171. There are twenty-two items, among which Rye obtains
about thirty per cent, of the total weight, and the Cereals generally (between whose
prices there is a certain solidarity) about seventy per cent. It is no wonder that in
the year 1868, when the price of the Cereals was exceptionally high, the Weighted
Mean should be 118, while the Simple Arithmetic Mean of the twenty-two compara-
tive prices is only 104.

^ The expression proves to be equal to *4.
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1 2 3 4 5
I

Price- Weights Product of Price- Product of
variations assigned by columns variations columns
for 1^86 Sauerbeck 1 and 2 for 1878 2 and 4

60 11 660 108 1188
77 6-5 423 104 672

“ 79 6 474 98 688
67 6 402 <

*4
116 696

88 16-5 1364 109 1689-5
89 3 267

I.

98 294

6-6 * *325 101 556-6
64 2 128 102 204

62 10 620 100 1000 -

73 7-5 637-6 118 885
65 1 65 96 95
94 8 762 117 936

72 . 13 936 145 1885
60 • 5 300 170 850
67 1 67 112 112
67 0-6 28-5 117 68-6

81
*

2 162 111 222
55 0-6 27-6 122 61
72 06 36 92 49
73 1 73 97 97
77 0*2 1 A « •

*

97 19

Sum . . . 105
)

7662 — 12062

Mean . .
— 73 — 115

pared results might have been predicted by theory, and may be predicted
safely of adjacent cases.

III. We come next to the index-nnmber of Jevons : the Geometric
Mean K>f the price-variations appertaining to a number of groups. The
definition of tuese groups is not wholly irrespective of their importance to-

the consumer and producer. There is evinced more or less concern that
each article of equal importance should ‘count for one’ in the composi-
tion of the index-number. But Jevons does not afiect precision of weight.
Pepper, for instance, forms one of the constituent thirty-nine articles.*

The analogue of this operation for our materials appears to be the
Simple Geometric Mean of the price-variations for each of the articles

sp^ified in our scheme ; except, indeed, those to which a very small
weight, namely 1, has been assigned. Accordingly Petrol&um, Indigo^
Palm Oil, and Oaoutchouc may, with propriety, be lumpedinto one group, for

which the mean price-variation is to be ascertained geometrically. For
the sake of comparison with Mr. *Sauerbeck’s result, Caoutchouc (not

* In the * Serious Fall,’ republished in Currmoy and Finanoe, p. 44. In the-
* Vpiation of Prices’ (ihid.^ p. 142) Jevons seems to*have employed the practice of
weighting rather more extensively. He says, ‘ Several qualities of one commodity
have been joined and averaged before being thrown as one unit into larger groups

’*

—in the case of certain articles which are not very clearly indicated. For the period
' after 1844 the [unweighted] ‘ average prices, as calculated from the price-lists of the
JEeonomiit . . . were mostly used.’
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recorded by him) may be omitted from this little group. The Mean of
the group so constituted is to be placed along with the price-variations

for the remaining eighteen articles common to us and Mr. Sauerbeck, and
the Geometric Mean of all the nineteen is to be taken. It proves to be

69, presenting the comparison herewith exhibited.^

The Committee’s Weighted Mean of 21 articles .... 70-6

The slightly adjusted Geometrical Mean of the same
r

.

„ - ^ —
69^

The slightness of this divergence is conformable to theory. For it has been
shown that the Weighted Mean*(of twenty-one articles) is not likely to differ very -

much from the Simple Arithmetic Mean of the'same. And it may be shown that

the Arithmetic Mean is not likely to differ verV much from the Geometric when the

number of price-observations is large, and if they are not very unequal. This pro-

position may be illustrated by the following figures, the ^t row of which is

obtained by taking the Arithmetic Mean of the thirty-nine price-percentages given

by Jevons in his paper on a * Serious Fall,’ &c. {Currency and Finance^ p. 44.)

The second row consists of the Geometric Means, as given by him at p. 46, for the
same figures. The superior magnitude of the Arithmetic Mean will be noticed. <

This circumstance (which Jevons thought an advantage on the side of his pro-

cedure) could not be predicated of a Weighted Arithmetic Meaiv (such as our index-
number), as compared with the Geometric :

—

1851 1862 1853 1855 1857 1859

Geometric Mean for 39 articles . 92-4 93-8 111*3 117*6 128*8 116

Arithmetic Mean for same . 94*() 94-6 112*4 119 134 119

IV. We come now to the Median, which has been recommended by
the present writer as the formula for the most objective sort of Mean be-

tween prices, not directed to any special purpose, such as the wants of the

consumer or the difficulties of the producer, but more impersonal and
:absolute.

Below 70 Between 70 and 80 Above 80

• • •

• • •

• • •

•

72 72 73 73
77 77 79

• • •

•

Ten below 70 Median — 72 Four abofe 80

Of the twenty-one price-variations for 18S6 given in column 1 of
table 1, we have to take that which is the eleventh in the order of magni-
tude. To ascertain this we need not arrange all the figures in order.

Having an inkling that the Mean is between 70 and 80, we shall find it

sufficient to note the number of returns which lie outside those limits, and
to write down in the order of magnitude only the returns which lie

•between 70 and 80. Thus, running our eye down the column of figures, we n

make a dot on the right for every return which is greater than .80, on
the left for every one less than 70 ;

and write down in the central com-
partment the figures which lie between 70 and 80 inclusive. Whence it

* If we lump together Barley and OaU into one group, Buga/r and Tea into
another, and again Coyper .*ind Lead, the Geometric Mean of the sixteen returns
-thus presented is 70‘2.
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:appears tliat 72 is the figure eleventh in the order of magnitude : that is

the Median.

1 1 2 8

•

Price-variations
Precisions determined

*

by mass Arbitrary precisions

V • 60 2 2
i 67 2 1
; 59 1-6 2
j

64. 1*6 2
62 1-6 1

66 1-6 1

60 • 2 1
' 67 1*6 2

57 15 1

66 I 2

16 15

72 3 2
72 1 1

73 1*5 1

73 1-6 1

77 1 1

77 2 2
79 2 1

12 9

88 3 2
89 2-5 1

94 1*6 1

81 1-5 2

86 6

36‘6 30

This is the Simple or Unweighted Median. There is a variety consti-

tuted by assigning special importance to those returns which we have
reason to suppose are specially good representatives of the changes
affecting the value of money. If, as in the writer’s Memorandum often

. referred to,^^ take mass of commodity as the principle of ponderation, we
ishall have to proceed as follows with our twenty-one articles :

As before, make three compartments for returns below 70, for those

between 70 and 80, and for those above 80 respectively. Write down in

the first and third compartments the returns in the order in which they

occur (in any order)
;
but in the central compartment in the order of

magnitude.^ In the second column of each compartment write the figures

representing the relative decision assigned to each return. If these esti-

^mates of precision are based upon the quantities of commodities, it is

recommended that they should be equal to, or rather less than, the square

roots of the proportionate masses. Accordingly 2«has been put for the,

square root of 5, 1*5 for the square root of 2^, and so on. Add together

* Sect. ix. of * Memorandum ’ in Report of Brit. Assoe., 1887.^

.
* It will probably be convenient to write these returns first in the order of their

occurrence, and then rearrange them.



the sums of all the second columns. Thus, 16+lJ+8-6=36-5. Bind the-

central figure of the total second column : that is the figure which as-

nearly as may be has 18 for the sum of figures above it and below it^^

This figure proves to be the 3 at the top of the second compartment
opposite 72. Then 72 is j;he required Mean.

In the third column another system of precisions has been tried to
illustrate the effect of treating some price-variations as more lypical of*

the change in the value of money than others. Tossing up a cpin, the
writer has stuck down (corresponding to each figure in the first column^
2 if heads turned up, 1 if tails. The sum of these arbitrary coefficients

of precision is 80, and accordingly the adjusted Median is the point inter-^

mediate between 72 and the return nex<^ below in the order of magnitude,
which proves to be 67. The adjusted.Median is, therefore, 69*6.

By operating similarly on the price-returns for 1873 (given above) it

is found that the Simple Median is 108, the Median adjusted by taking
account of quantities still 108.

The deviation between the Median and the Simple (or other) Arithmetic Mean
cannot, so far as the writer knows, be formulated exactly. It diminishes with the-

number of ob^^ervations, being of the order A superior limit is given by the-

expression Vl + ^rrx Modulus of the observation; in ouf^case say •!, or 10 per
cent.’ This limit is probably very superior, as the following trials, in addition to
those given above, suggest

:

1861 1852 1853 1855 1867
|
1869

94-6 94-6 112-4 119 134

82 92 108 111 127

I

Geometric Mean for the same .
. j

92-4 93-8 111*3 117*6 128*8 116

The thirty-nine figures are those above referred to, given by Jevona
at p. 44 of his Gurrency and Finance. The Geometric Means have been
cited again here in order to bring out the curious fact that the Median
seems to keep closer to the Geometric than the Arithmetic. This property
(which it would be desirable to verify more fully) is agreeable to tha
theory, first advanced by the present writer so far as he is aware, that
prices are apt to group themselves in an unsymmetrical fashion after the
pattern of the annexed curve, whose ordinates indicate the frequency of

each price-variation. In the year 1857, for instance, the smallest figure
was 91, the largest 247 ;

while the Geometric, Median, and Arithmetic
Means were respectively 129, 127, and 134. There is some reason to-

believe that the Geometric and Median—especially the latter—^are more-
apt to be coincident with the point at which the greatest number of
returns cluster, the greatest ordinate of the curve.

if then we take as our queesitum that figure which would he •presented

hy the greatest number ofprice-variations in the complete series of returns

* See the-writer’s paper in * Problems in Probabilities,’ Phil. Mag.^ Oct. 1886.

119

116*6

Arithmetic Mean for 39 articles

Median for the same
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for all articles great and small, then, regarding our twenty-one, or it may
be fortj'-five, articles as specimens of this series, we shall best operate on
them by taking their Median.

And; even if this reasoning is not accepted, if the asymmetry of the
price-curve should not be regarded as serious, and the central point of

the supposed symmetrical complete curve or series be taken as the
qugesitum, still, even upon this hypothesis, the Median would have
special claims.^

Another advantage—or the same otherwise viewed—on the side of the
Median is its insensibility to accidental alterations of ‘weight.* You
may considerably increase er lighten the weights without causing this

Mean to be depressed or elated. Jn the Arithmetic Mean a large weight
happening to concur with an extreme price-variation produces a derange-
ment which with reference to the present objective* (as distinguished

from the ‘consumption *) standard may be regarded as accidental. The
Median is free from this fortuitous disturbance. The rationale of this

stability is supplied by the Calculus of Probabilities.

It appears, therefore, that our index-number, though not likely to be wide of
any mark which has been proposed, is not the one which is most accurately directed

to a particular, or rather, indeed, the most general object. It is no matter for sur-

prise or complaint that we should not hit full in the centre an object which has not
been our aim

;
our index-number being mainly a Standardof Desiderata^ measuring

the.variation in value of the national consumption. Our primary aim, indeed, is

more comprehensive, not this special, but a collective, or * compromise,’ scope

;

not so much to hit a particular bird, but so to shoot among the closely clustered

covey as to bring down most game. But then we are brought back to, or nearly to,

the directer aim and simpler object by a consideration which has great weight in

practical economics, the necessity of adopting a principle—as Mill says with
mspect to convertible currency—‘intelligible to the most untaught capacity.’

Now every tyro in our subject makes straight for the Consumption Standard ;
but

Che more dehcate distinctions of the Producers’ Standard and the typical or quasi-

objective index-number evade popular perception.

In view of this practical exigency it may well be that the Committee’s index-
number is the one l^t adapted to purposes in general—the principal standard as

defined in the First Beport. What is here contended is that, witn respect to a
certain purpose other than the consumers’ interest, the Committee’s index-number
is on the one hand likely to be a very good measure, and on the other hand not
the very best possible.

B.
I

We have now to compare index-numbers differing as to the prices

operated on ^as well as the methods of operation. One important case

is where the prices of the principal articles are the same for the com-
pared index-numbers, the data differing only as to a small part of the

toti^l value. For example, of the total value covered by Mr. Sauerbeck’s

index-number about is common to the Committee’s scheme. For
Mr, Sauerbeck’s weights (or ‘ nominal values ’) of the twenty-one
articles common to both calculations make up (for the year 1885) 559,

while the sum for all the items treated by him is 617.

* The problem would then be analogous to the reduction of sjrmmetrical observa-

tions relating to a physical quantity. On account of the * discordance ’ of the price-

observations, their very different liability to fluctuation, the writer would recommend
the use of the Medianon the groundswhich he has stated in the paper on ‘ Discordant

Observations,* Phil. Mag.^ April 1886.
* See * Memorandum,' Report of Brit. Assoc., 1887, and also Journal of the Statist

Heal Society, June 1888.

1888. p



210 BEPORT

—

1888.

Let us see, then, -wbat difference is . caused by operating on all

Mr. Sauerbeck’s forty-fiye articles instead of only the twenty-one principal

items which are common to his price list and ours. He himself at

p. 595 (of the * Jouru. Stat. Soc./ 1886) gives us the Means of Comparison:

1885 1878

Mr. Sauerbeck’s Weighted Mean for 46 articles . 71*2 116-2

The Committee's Weighted Mean for 21 of those articles 70-6 115

It is interesting to observe that the Median does not suffer any
change by being extended from twenty-otie to forty-five articles. The atten-

tion of the reader is invited also to the ease of this method. In order to take

Above 80 Between 70 and 80 Below 70

Dots to
the Dum-
ber of 12

79 78 77 77 76 75 75 73 73 73 72 71 70

/

Dots to

the num-
ber of 19

in the twenty-four additional articles we have only to write down a few
more figures in the central compartment, to add a few more dots in the ex-
treme compartments, as shown in the annexed diagram. Indeed it is not

1 2 3 1 (continmd) 2 (^continued) 8 (continued)

Price-

variations
Precision

Another
System of
Precision

Price-

variations
Precision

Another
l^stem of
P^recision

60 2 3 72 1 3
62 3 3 73 2 1

63 3 3 73 2 2
64 2 2 73 1 3
69 1 2 76 1 1
62 2 1 76 2 2
65 3 2 76 1 1
64 3 2 77 3 2
60 2 1 77 2 3
59 1 1 78 1 2
67 2 3 79 1 2
67 2 3 « 1
62 2 2 3 3
63 1 3 2 3
63 1 2 2 3

2 2 1 3
65 1 2 3 2
66 2 1 A 3 2
60 3 3 3 3

1 1 1
2 1 2 1

71 2 2 2 1
'

72 1 3 1 2
4

Sums 43 47 43 47
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n^essary to record th® number of observations (by way of dots) in more
than one of the extreme compartments. The Median is the twenty-third

figure in the order of magnitude, that is, 72. Proceeding similarly for the

year 1873, we find the Median of Mr. Sauerbeck’s forty-five price-

variations 109.

Now let us try the effect of weighting. Bunning my eye over some
pages of statistics, I assign t^e digits 1,2, 3 as they occur to the* price-

variations, which are in pell-mell order up to 70 ;
between 70 and 80 in

the order of magnitude
;
and above 80 not represented at all. The sum

of the whole second column rhus formed is 86. The central point corre-

sponding to half that sum is at the foot of the first half of the second

column, corresponding to the ehtry 72 in the first column. Accordingly

72 is the adjusted Median. I try another system of precision-factors

arbitrarily assigned. And still the Median is 72 !

The comparisons offered by Mr. Sauerbeck’s materials are summed up
in the accompanying table :

1885 1878

The 21 arti-

cles common
to the Com-
mittee and
Sauerbeck

Sauerbeck’s
45 articles

The 21 arti-

cles common
to the Com-
mittee and
Sauerbeck

Sauerbeck’s

45 articles

The Simple Arithmetic Mean .70 74 110*6 111

The Committee’s Weighted Mean . 70-6 — 115 —

Sauerbeck’s Weighted Mean . 73 72*6 116 115*2

Jevons* adjusted Geometric Mean . 69 — — —

:

The Simple Median 72 72 108 109

The Median adjusted according to
qiiahtity

72 — 108 -

The Median adjusted on an arbi-

trary principle

69-6 72 — —

For estimating the extent of difference to be expected between two index-

numbers which overlap as to some of their items, the following formula is derivable

from the reasoning at p. 194. Let n be the number of items common to both

schemes, n' the number special to one, and n" to the other. Put for Jthe

fiuctuation of one system of weights, and x^'^ for the other
;
and for 2 ? —-i-

n
(above, p. 204) put x^- Then for the modulus of the difference between the com-
pared results we have

-v/n
^^ 2 n + n'\ / n-^n"\ 2 /

where 0, as before, b the measure of the diversion incident to returns of com-

parative prices. In practice we may put for the ratio between the summed

weights of the item special to each index-number and the sum total for all the

items. These fractions are derivable from the third and fourth columns in the iMt

table of the Appendix. In calculating the fifth ^d sixth columns of that table
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the formula just given has been used. But it has hew thought allowable to

deduce x from the Mean square of error (as theoretically bestir but from the

Mean error ^ven in the second column of the table, putting x ^ x Mean error.

The calculations of x' and x'' ^ave been similarly rough.

Of coarse, as the number of items common to two compared index-

numbers is diminished the chances of their dissilience are increased.

The art of conjecturing can in such a case throw only a very feeble light-
offered by the third formula above—on the relation between two such'

index-numbers. For instance, it could hardly have been predicted that

the Simple Arithmetic Mean for Mr. Sauerbeck’s forty-five articles should
differ so little as *5 from the same Mean for twenty-one articles, as
proved to be the case for the year 1873.,^*lt is even more surprising that

if for 1885 we complete our index-number, taking account of the six

items belonging to our scheme not included by Mr. Sauerbeck, there is

a marked rise in the index-nuihber owing to all these six returns being
above the average. The annexed little table is formed by comparing the*

prices in 1885 with the average for 1866-77 as given in the Statistical

Abstract :

—

Articles omitted hitherto
Price-variations

for 1885
Weight assigned

*

by the Committee
Product of

Columns 2 and 3

1 2 8 4

Fish * . . . . 104 n 260

Beer .... 76
,

9 68

Spirits* .... 120 300

Wine .... 100 1 100.

Tobacco.... 85 212i

Caoutchouc . 109 1 109

Sums .... 594 18'5 1665

HilfCdfllS • • e •
1

97 — 90

If we add the outcome of this table to that of the first table repre-

senting the other twenty-one articles, we have 1665+ 5952= 7617 ; which,
divided by 100, gives the new index-number 76.

Of course in applying the doctrine of Chances to this problem we
must abstract all animus. If you pick out the large variations of pnce
and the large weights you will doubtless succeed, like Mr. Forsell, in
producing discrepancies—though even his success in that attempt seems
less than might have been expected.

'

In concluding this comparison of,results the writer may say, in the
phrase of Jevons, that he Has taken more than reasonable pains to secure
arithmetical accuracy. I7o doubt mistakes will have come. But, as the
calculations have been performed without any conscious bias, any animus
mensuramdi, jit may be hoped that the errors will neutralise each other,

and that the general impression left by the work is correct.

' Fish imported. * Spirits other,than rum and brandy.
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APPENDIX.
Statement of the Extent, and Estimate of the Significance, of the

Difference between the Committee’s Scheme and others.

^
, Table I.

Articles common to the
Committee and Mr. Sauer*
heck’s Weighted Index-

number

Weights actually
assigned

1

Weights as percentages
of Total Weight of the
Common Articles Difibrences

between
Columns
4 and 6

The Com*
mittee

Mr. Sauer-
beck

The Com-
mittee

Mr. Sauer-
beck

1 2 CO
, 4 6 6

Wheat . , • 5 61 6 11 6

Barley

.

• • 6 30
1

6 6*5 •6

Oats , . s •
'}

5 32 6 6 0

Potatoes and rice • 5
\

32 6 6 0

Meat . a • 10 88 12 16*6 3*6
%

Batter . « n 23 9 3 6

Sugar . • • 2i 30 3 6*6 25

Tea f • n 15 3 " 2 1

Cotton

.

• 67 3 10 7

Wool . • • 2^ 42 3 7*6 4*6

Silk . • •
2i 4 3 1 2

Leather • • 2i 10 3 2 1

Coal . • • 10 74 12 13 1

Iron • • 5 27 6 6 . 1

Copper. • • 2^ 7 3 1 ' 2

Lead . , • • 2^ 8 3 . -6 2*6

Timber . • • 8 17 4 2 2

Petrolenm , • • 1 3 1 •6 •6

Ipdigo

.

• • 1 3 1 •6 •6

Flax . • • 3 4*5 4 1 3

Palm oil • • • 1 1*6 1 0 1

Sums . • 81*6 664 -.4 98 98 46*6
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Table II.

Articles common to the Com*
mittee and Mr. Palgrave

Weights as Percentages of Total
Weight of the Common Articles Differences

between Columns

The Committee Mr. Palgrave
2 and 3

\

1 2 8 4

Wheat « e • 10 19 9 •

Meat

.

• •
•

20 26 6
Sugar • • 7 2
Tea .

•
• • * 6 3-6 1*6

Tobacco • • 5 1 4
Cotton • • 6 12 7
Wool

.

• • 6 6*6 1*6

Silk . • • 6 •6 4*6

Leather • • 6 3*6 1*6

Iron . • • 10 7 3
Copper » • 6 1*5 3*6

Lead . • • 6 •6 4*6

Timber • • 6 7*6 1*6

Indigo • • 2 0 2
Flax . • • 6 2 4
Oil» . # * 2 % 0

Sums • •

1

101 98*6 64*6

• * l^alm oil in the Committee’s scheme ;
oils in Mr. Palgrave’s.

Table III.

Articles common to the
Committee and Mr. Sauer-

beck’s Unweighted
Index-number

Weights actually
assigned

Weights as Percentages
of Total Weight of the
Common Articles

Differences
between
Columns
4 and 5The Com-

mittee
Mr. Sauer-

beck
The Com-
mittee

Mr. Sauer-
beck

1 2 8 4 6 6

Wheat

.

• 6 3 6 8*6 2*5

Barley . • 6 1 6 3 3
Oats • 6 1 6 3 3
Potatoes and rice • 5 2 6 6 0
Meat . • 10 6 12*5 17 4*6

Butter • 1 9 3 6
Sugar . • 2| 2 3 6 3
Tea • 4 1 3 3 0
Cotton . • 4 2 3 6 3
Wool . § 4 2 3 6 3
Silk . 4 1 3 3 0
Leather • 4 2 3 6 3
Coal . •

1

10 2 12*6 6 6*6

Iron . • 5 2 6 6 0
Copper • 2i 1 3 3 0
Lead . 2l 1 3 3 0
Timber • 3 . 1 4 3 1

Petroleum . • 1 1 1 3 2
Flax^. • 3 1 4 3 1
Indigo . ... • 1 1 1 3 2
Palm oil • . • 1 1 1 3 2

Sums . • 81*6 » 85 99 103*6 46*6
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Table IV.

Articles common to the
Committee and
Dr. Soetbeer

Common Articles
Differences

bi:tween

Columns

Soetbeer

2 8 4

Wheat . . , • .

UBiier .

Oats • • • •

Potatoes and rice

eSkTOdft/ • • • •

Fish • « e

Butter, milk, and cheese

Sugar . • • •

Tea . • .. •

Beer • • •

Spirits . • . e

Wine . , •

Tobacco •

Cotton . . • •

Wool . •

Silk . ... •

Leather, Ac. •

Coal . •

Iron . • • •

Copper • •

Lead • . •

Timber . * •

Indigo . . •

Flax . •

Palm oil •

Sums .

s •

• 43

* Hop$,
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Weights actually
assigned •

Weights relative to
the Total Weight of Differ- Differ-

Artides common to

the Committee
and Jevons

Wheat . • •

Barley . • •

Oats • •

Meat • •

Butter and cheese

.

Sugar . • •

Tea • •

Spirits •

Cotton . * •

Wool • •

Silk 0 •

Leather

.

m 0

Iron m m

Copper . 0 0

Lead 0 0^

Timber . 0 0

Flax 0 0

Indigo . 0 0

Palm oil 0 0

(Wine) .

/

0 0

Sums • .

the Common Articles ences be- ences be-
tween tween

Columns Columns

jevons
« ‘“d 6 7 and 6

3

3

1

1

68

(70-6)

• Urot form of index-number based upon 39 articles (‘ Serious Fall ').

* Second form of index-number based upon 118 articles (ibid.)
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Table VI.

\

Index-numbers compared with the
CommitWs

Mr.

Sauerbeck’s

Weighted

•s

g

1
•
u
s Mr.

Sauerbeck’s

Unweighted

Dr.

Soetbeer’s

Je^ons

BB
Numlier of articles common to the'

Committee’s and other index-num-
bers

j

• 21 16 25 19 20

Mean difference (per cent.) between^
the weights of the common articles

according to the Committee’s and
other schemes

t

•

47 54 45 63 45 68

Weight of the common articles per
cent, of the weight of all the arti-

cles in the Committee’s scheme

• 81-6 60*6 81-6 98 68 70-5

Weight of the common articles per’

cent, of- the weight of all the arti-

cles in other schemes
^

90-6 98 78 44 70 54

Discrepancy as likely as not to occur!
between the Committee’s and other
results

j

2 26 2 2 2-5i
Discrepancy very unlikely to occt.r'

between the Committee’s and other
results

1
8

/

11 8 8 10 11

Remarks upon the preceding Tables,

These tables present a comparison between the indez.nnmber proposed
by the Committee and some other well-known constructions of the same
kind. In the first five tables the feature of comparison consists of those

articles or items which are common to the Committee’s and the compared
schemes. The tables show the different importance or * weight ’ assigned

to the same items in the Committee’s and each of the other schemes. For
the purpose of exhibiting this difierence it is proper to contrast, not the

actual weights employed by the Committee and each comparea index-

number, but the weights relative to the total weight assigned to the

common items by the Committee’s and the compared scheme respectively.

Thus, in the first table, the first column states the articles, twenty-one in

number, which are common to the Committee’s index-number and to one

which has been given by Mr. Sauerbeck (‘ Joum. Stat. Soc.’ 1886, p. 695).

The second and third- columns give the weights actually affixed by the

Committee and Mr. Sauerbeck respectively to the comparative prices of

those twenty-one articles. The third and fourth columns give the

weights relative to the total weight of the coincident portions of the

two systems. Thus, 61 being the weight actually
^

assigned by
Mr. Sauerbeck to wheat, while 664 is the sum of the weights attached

by him to all the articles common to him and the Committee
,

or the

same fraction multiplied by 100 (=11 nearly), is taken as the proper
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weight according to Mr. Sauerbeck for wheat; in a i curtailed index*
number covering only those articles common to him and the Committee.
By parity x loO, or six nearly, is the weight for the same article

according to the Committee. In the sixth column the differences-—the
absolute differences without regard to sign—between the respective

weights are given. To appreciate the importance of this difference of
weight, we must consider it in relation to the absolute (mean) weight.

Mean difference of wight
^ multipUed by 100, the

percentage) which most, or at •least very, properly measures the dis-

crepancy between the ‘twc systems. Kow the Mean weight for each of
the two compared systems is Therefore we have for the required

differences . differences ,measure ^r= — or simply (or, ex-
21

pressed as a percentage, the sum of differences). Thus in the case before
us the average deviation between the compared weights is 46*5, or 47 per
cent, (nearly). This figure is useful as enabling ns (taking into account
the number of common items) to predict the extent of discrepancy which
is likely to exist between the results of the two methods of treating the
common data.

The second table presents a similar comparisoit between the Com-
mittee’s and Mr. Palgrave’s index-number (‘ Third Beport of the Com-
mittee on Depression of Trade,* Appendix B). It has not been
thought necessary to record the actual weights. Those employed in the
computation of the ‘ relative ’ weights according to Mr. Palgrave were the
figures of comparative importance given by him for the year 1885, which
differ very little from the corresponding entries in previous years. The
coefficient of discrepancy between the two systems being much the same
as in the former comparison, we may expect much the same difference
between the results

;
or rather one soniewhat larger, since the number of

common items (sixteen) is here somewhat smaller (than twenty-one).
The remaining index-numbers do not equally admit of being laid

alongside that of the Committee for the purpose of comparison.
They are as it were in a different plane, adopting a different formula
(as well as different constants) from the Committee. In these
schemes, unlike the Committee’s, each comparative price is not affected
with a factor or weight corresponding to its importance. Primd facie
every price-variation counts for one

; but the principle of weight is to
some extent asserted by introducing as independent items several species
belonging to one genus. Thus in Mr. Sauerbeck’s unweighted index-
number, our Table 3, there figure two species of wheat and also one of
flour ;

in effect assigning a weight of three to wheat. There is indeed
something arbitrary in sach interpretation. For in comparing this sort
of index-numbers with the Committee’s it is hardly possible—as in the case
of the explicitly weighted index-numbers—^to suppose, the prices (for the
common articles) to be the same in the two compared calculations. For
example, our price of wheat is takeiji from the ‘ Gazette ’

; theirs may be
a Mean of that price and the price 6i flour. Accordingly the estimate of
the difference to be expected (proportioned to the total of the last column)
is apt to be less accurate, to be under the mark, in these cases. A further
inacctiracy affects this estimate in the case of Jevons* index-nuthber, oiir
Table 5p namely, that he adopted the Oeometrical method of combining
price-variations. In fact, our estimates apply only to the Arithmeticeom^
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bination of Jevons* materials, to be supplemented by the observed fact
that the Arithmetic and Geometric Means of prices do not mnch differ.

The last table resumes the results of the first five in its first and
second rows. The first row states the number of items common to the
Committee with each of the compared schemes—^a necessary datum for
the estimate of the discrepancy likely to exist between the results.
Oceteris paribus^ this discrepancy is inversely proportioned to the square
root of ^e number of common items. The second row gives the mean
difference between the respective weights as above defined. The third
and fourth rows compare the Oommittje’s index-number with each of
the others as to .the extent of the materials not 'common to both. The
comparison may be thus illustrated. Let C0‘ represent by its length the

quantity of weight common to tho Committee and the other index-number.
Let CC' represent the total weight of all the articles in the Committee’s
system, and 00' that of the other system. The third row gives the
ratid of CO to CC', and the fourth column the ratio of CO to 00'.

The last two rows give an estimate of the discrepancy likely or

unlikely to occur* between the results of the compared computations.

This estimate involves (in addition to the data contained in the preceding

rows) a constant or coefficient deduced from the course of English prices

in past years: the inequality or dispersion of price-variations, which
keeps pretty constant from year to year. The estimates are therefore only

applicable to England. They are to be taken cum grano^ with the reser-

vations stated in various parts of the Memorandum.

Report ofthe Committeey consisting of Mr. S. Bourne, Professor F. Y.

Edgeworth {Secretary), Professor H. S. Foxwell, Mr. Robert
Giffen, Professor Alfred Marshall, Mr. J. B. Martin, Professor

J. S. Nicholson, and Mr. R. H. Inglis Palgrave, appointed for
the purpose ofinquiring and reporting as to the Statistical Data
available for determining the amount of the Precious Metals in

use as Money in the principal Countries, the chief forms in

which the Money is employed, and the amount annually used

in the Arts, {Drawn up by the Secretary,)

(The bracketed numerals refer to the Remarks appended to the Report.)

Upon the first head of the proposed inquiry the Committee are unal^e to

report favourably. They have not found data available for determining

with any degree of precision the amount of gold in use as money in the

United Kingdom. Several ways of making an estimate have been indi-

cated by eminent statisticians. But it appears to the Committee that all

these computations, as applied to* the United Kingdom, fail; owing,

not to the incorrectness of the reasoning, but the unsoundness of the

data. They remark in detail upon the three methods which appear to

deservO most consideration. ... .

I* Newmarch’s method, as developed by later statisticians (1), consists

of the two following steps 1. Estimate the amount of precious metal in
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circulation at some initial epoch when there has occurred a general or
partial recoinage, or other event favourable to the formation of a preciso

estimate. 2. Add thereto the coin issued from the mint in subsequent
years and the coin imported, and subtract the coin withdrawn from cir-

culation as light, the coin exported, and the coin used in the arts.

On this method it may suffice to remark that, as applied to the IJnitecl

Kingdom, it breaks down at the first step. For the only initial datum
available is the one which Newmarch employed (2). This is based upon the
fact that the light gold in 1843 amounted to 12,000,000/., and the estimaiM^

that the light gold formed a third or a fourth part of the total circulation.

But this estimate is too rough to permit much confidence in the result,

whether 36,000,000/. or 49,000,000/. as the circulation in 1844.

But, even if that datum were admissible, the reasoning would still be
nugatory, failing an estimate of the amount of coin used in the arts

during the last forty years, not to insist on the imperfection of statistics

relating to the export and import of coin (3).

II. The general idea of Newmarch*s method is embodied in a someTyhat
different scheme, which is largely employed by M. Ottomar Haupt (4). In
this second as in the first method we start with the amount of circulation

at an initial epoch, and we proceed to add thereto and subtract there-

from. But the mode of estimating the increment and decrement is less

direct. The influx and effiux are, so to speak, now observed at a greater
distance from the reservoir whose contents it is desired to ascertain. The
addendum is now the amount of precious metal imported into (or produced
within) the country : not specie only, as before, but also bullion and, wo
may add, ore (5). The subtrahend is the precious metal exposed,
together with that which has been consumed in the arts.

The initial datum of this method being the same as for the first

method is open to the same objections. And the reasoning built upon
that loose foundation is rendered additionally insecure by the proved un-
soundness of the statistics which profess to record the exports and imports
of precious metal for the United Kingdom (6).

III. There remains Jevons* method (7). His well-known reasoning
turns upon two data : 1, the proportion between the number of coins
of a certain date which are now in circulation and the total number of
coins of all dates which are in circulation ; 2, the absolute number of
coins bearing the assigned date which are now in circulation, or at any
rate a number greater than, a superior limit to, the number of those
coins.

The first datum appears to admit of being determined with some
precision by the inspection of samples taken at random from the circu-

lation. But for the absolute number of the coins bearing an assigned
date it seems in general impossible to find a limit which is at once
accurate and serviceable. If we take as the limit the number of coins
issued from the mint during the assigned period, we are certainly on the
safe side. The number of coins issued is indubitably a superior limit to
the number of coins circulating. The superior limit to the total circu-

lation which is deduced from this dalbum may be accepted with peculiar
confidence. But this limit is too superior to be of any use for the
purpose of making an approximation. Thus Mr. J. B. Martin, operating
with the periods 1871-2 and 1876-7 respectively, has found by this
method, as superior limits to the circulation of the United Kingdom, the
figures 162,803,000/. and 182,321,000/. ! It seems to be obvious, from
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^6 known facts as to the paper circulaftion of countries whick use paper
instead of gold, and which are in circumstances otherwise analogous to
those of gold-using countries

—

e.ff., Scotland, which uses one-pound notes
where sovereigns are used in England—that the above figures as to gold
used in England must be greatly exaggerated.

But if we attempt after the manner of Jevons to make corrections for
the amount of coin exported, the imperfection of the statistical material
recurs upon with aggravated force (8).

There is added, in the case of thc^ United Kingdom, the special

difficulty that the superior limit afibrded by the statistics of coinage must
be enormously in excess, consisting as it does (for recent years) of the
number of coins issued from the mints in Australia as well as the United
Kingdom.

Altogether it appears to us that none of these methods can at present
afford other than the most vagae estimate of the amount of coin circulating

in the United Kingdom. With respect to other countries indeed the
objections which w6 insist upon may be less forcible (9).

The Committee have cast about how to remedy the defects which have
been noticed (10).' The suggestion has been made to reason from the
known number of onv^pound notes in Scotland to the unknown number of
sovereigns in England after this manner. As the volume of transactions

in Scotland is to the volume of transactions in England, so is the number
of one-pound notes to the number of sovereigns (11). But however good
this suggestion may be by way of criticism, and if it is carefully handled,

it would not of course be sufficiently trustworthy by itself to yield a con.

elusion that could be relied on.

The Committee entertain the possibility of making inquiry as to the

amount of coin held by different localities or by different classes (12). Such
a monetary census would undoubtedly be very incomplete. But if the
enumeration, thpugh not exhaustive, were sufficiently impartial and
sporadic, it "seems possible by a cautious and methodical inference from
samples to attain a rough estimate (13).

The most that can be expected from the converging lines of inquiry is

that three or four veiy imperfect estimates should be reached by inde-

pendent methods. The Mean of such estimates—a mean weighted accord-
' ing to the presumed trustworthiness of the different sources—appears to

be the best result attainable (14). That the best will be imperfect is'

to be feared.

The second and third inquiries (as to the chief forms in which money
is employed and as to the amount of money annually used in the arts)

are intimately connected with the first. Accordingly we have thought
it best to postpone recommendations under these heads until we have

instituted the first investigation more perfectly. To this end, and in

view of the extent and difficulty of the subject, we recommend that the

Committee should be re-appointed for the ensuing year.

REMARKS.

(1) Mr. Kimbal, Director of the Mint at Washington, and his predecessors have

^berated * Newmarch’s Method.*

(2) See *History ofPrices/ vol. vi. Appendix There is not much objection

to themsModby whirb Newmarch obtains the estimate 49,000,000^. : namely, deter-
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mining the proportion oflight gold by anInspection ofsamples taken from the circula-

tion, and multiplying the quantity of light gold withdrawn for recoinage by the ratio

which the total circulation was found to bear to the light gold. The chief doubt
is whether the inspection was made sufficiently carefully. The materials for

a more accurate estimate on the occasion of the next recoinage exist in the
statistics relative to the state of our coinage obtained by Mr. J. B. Martin Journal
of the Bankers’ Institute/ 1882) ; supposing them, of course, to be continued up to

the date of the recoinage, whenever that may be.

(3) The returns of exported and imported coin published in the Annual State-

ment of the trade of the United «£!ingdom do not extend back to the year
1844. There is also the difficulty of estimating the amount of coin in the
pockets of travellers

;
a difficulty which is perhaps peculiarly insuperable in the

case of the United Kingdom, owing to the currency of the sovereign on the Continent.

(4) See * Histoire Mon^caire ’ and ‘ Wahrungs-Politik,’ by Ottomar Haupt. The
distinction between methods I. and II. is well deOned by Mr. Kimbal, the Birector
of the Mint at Washington, in his Report for 1886 (p. 46).

(5) The import of Silver ore into the United Kingdom is not inconsiderable, as
pointed out by Mr. Giffen in the First Report of the Committee on Precious Metals.

(6) As pointed out by Dr. Soetbeer Materials,’ Exports ahd Imports, Taussig’s

translation, p. 532), there is a total failure of consilience between the recorded
imports of precious metal into England from France and exports from France to
England, and vice versd. Not even when an average over many years is taken
does an appearance of regularity arise {loc. dt.'). And we may add that if the
difference between the efflux from and influx into England—^the datum with which
we are immediately concerned—be deduced from the English and French statistics

respectively, the results are still found to be totally disparate.

The annexed table, compiled from Dr. Soetbeer’s materials (loc. cit.')^ shows the
net influx of gold and silver into England, as deduced from the English and French
statistics respectively (OOO’s omitted).

Periods of
Years

Net Influx of Gold Net Influx of Silver

English Statistics French Statistics English Statistics French Statistics

1871-76 -766 - 38,601 - 706 - 48,125

1876-80 -600 - 56,414 + 666 - 8,438

1881-84 + 616 - 2,971 + 1,606 - 672

On the other hand the returns of the trade in precious metals between the

United Kingdom and the United States may inspire some confidence (Soetbeer,

loc. cit.').

(7) ‘ Journal of the Statistical Society/ 1868 ;
republished in * Currency and

Finance/ It is as ifwe should take the census of a population by, 1, ascerteining the
ratio between the number of infants, say three years old, and the population of all

ages ; 2, the actual number of such infants. This absolute number divided by that

ratio gives the total population. '

A brilliant application of Jevons’ method to the statistics of the circulation in

France has been made by M. de Foville Journal de Statistique de Paris/ 1879
and 1886). .

‘

(8) It may well be that the return of exported and imported coin, or rather—
what we are concerned with—^the difference between these two amounts, is very
inacciariikte for any single year

;
but that in a series of years the errors tend to

tompensaie each other. Suppose, for example, that for any single year the estimate
of the difference in question is liable to an error ofJifty per cent.

; then the sum of
such differences for twenty years—the sort of datum required for our first method—^woiild be liable only to an error of eleven per cent. In such a case the first
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method might he fairly accurate
j
while the third method, reljing on the exports

and imports of a single year (or a biennial period), would be fatally inaccurate.
Moreover, there exists in the third method a difficulty from which the first is

free—as to the incidence of the exports for any year on the different strata of the
circulation. This difficulty is considered by Mr. Edgeworth in a Memorandum on
Jevons’ method which he has prepared for the British Association.

(9) The careful computations made by Mr. Kimbal, Director of the Mint at
Washington Reports,’ 1888 et sey.), inspire confidence. In the case of the United
States there is, Jirstf a pretty accurate initial datum for the year 1873—on the
occasion of the resumption of specie payments. Secondly

^

the statistics of exports
and imports are perhaps specially deserving of confidence (cf. above, Remark 6).
Mr. Kimbal seems to regard them as satisfactory. TldriUy^ some attention has been
paid to the amount of coin used annually in the arts, though hardly so much
attention even yet as to command complete confidence.

(10) It has been suggested by Mr. Edgeworth, in the Memorandum above
referred to, that Jevons’ method may admit of improvement. First, the ratio on
which the reasoning turns might be determined with greater precision by a more
careful and methodical sifting of the data. This correction by itself would not
come to much in vieV of the extreme incorrectness of the other datum (above.
Remark 6). But it is further submitted that in some countries the coinage for a
particular year or short period may have suffered particularly little from exporta-

tion. In fact, something of the sort appears to have occurred in France according

to the statistics given Uy M. de Foville m the papers above referred to.

To revert to the metaphor above employed, the monetary census is effected

according to Jevons’ method : 1, by ascertaining from samples the proportion of,

say, three-year-old infants to the total population
; 2, in the absence of accurate

data for the number of three-year-old infants now cHive^ the number of infants hotm
three years ago. Now suppose, as M. de Foville shows grounds for supposing, that

a particular generation escaped in ' aa extraordinary degree the maladies to which
infancy is liable

;
then it might be the best plan to operate, not on infants, as

usbally taken for granted, but upon that favoured generation, already, perhaps,

adult or even superannuated, always supposing that the other* datum, the rcdio

determined by sampling, can be ascertained for the favoured generation with ade-

quate precision. But this appears to be doubtful, owing to the circumstance that the

generations appearing to enjoy extraordinary longevity consist each of comparatively

fbw individuals. Now a deserved suspicion attaches to the use of small numbers in

statistics. At any rate, it is not contended that the correction would have any
application to the United Kingdom.

(11) In comparing the.use of sovereigns in England and one-pound notes in Scot-

land it would be desirable if possible to make an allowance for the difference which
may exist in the use of half-sovereigns in the two countries; and for other differences.

(12) As a specimen of the results which may be attainable, we submit an
estimate obtained by Mr. R. H. Inglis Palgrave with respect to a particular town.
This town contains about 6,000 inhabitants. It is a railway junction, and also

stands upon a river by which seagoing vessels can reach the place. There is also

a considerable inland navigation connected with it. The surrounding district is

agricultural. The town may be regarded as above the average in prosperity for

the agHcultural districts. In this town Mr. Palgrave estimates, as the result of

investigations set on foot by him, that there would be on an average, taking one
time mth another, about 4,0001. in coin in the hands of the population; that is to

say, about 15s. a head in gold and silver. This estimate does not include the

specie held by the banks, The proportion of gold to silver is about 4:5. Mr.

Palgrave is more certain about this proportion than about the absolute amounts.

He thinks the latter may be exaggerated, as the country districts surrounding the

town are to a certain extent included in the supply of specie mentioned. If this

estimate were a fair average it is quite possible that, including the country popu-

lation referred to in the districts surrounding the town in question, the whole

specie in active circulation may not exceed 12s.f or even lOs., a head. Further

investigation on the point is highly desirable.
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(13) Laplace—^by a calculation strikingly analogous to JeTons’ method above
stated—^lias shown Thdorie Analytique desProbabilit^s/Book II. Chapter VI.)
how the method of inference from samples may be used to ascertain the ^popula-

tion of a great empire.’ There is no doubt that this method of reasoning is agree-

able to a sound theory of Probabilities, although in incompetent hands it has often

produced absurd results. We must guard against proceeding like the statistician

mentioned by M. de Foville, who, in order to determine the production of potatoes

in France, simply multiplied the production in his own commune by the number
of communes in France—with a result out by a hundred per cent.

(14) Supposing the quantity of -the circulation as estimated 1^ four differ-

ent methods of varying trustworthiness were respectively Qj, Qj, and Q4 (in

ascending order of worth), then the proper Mean might be

Q,+ 2Q, + 8Q./4.4Q,

1+2+3+4

MEMORANDUM BY THE SECRETARY ON JEVONS^ METHOD
OF ASCERTAINING THE NUMBER OF COINS IN CIRCULA-
TION

Part I.—Exposition.

Jevons’ method consists of two stages
: (1) the main line of argument,

and (2) what may be called a second approximation.

(1) The first step is to ascertain the proportion in the existing circula-

tion of coins bearing each date, or, as ^ Jevons puts it, the number of coins

bearing any assigned date, ‘ now existing in 100,000 [coins] circulating.’

This datum is obtained by examining a great number of coins taken at ran-

dom from the circulation.^ It is assumed that the proportions in which
this collection of samples comprises coins of different dates are approxi-

mately identical with the proportions which would be presented if we
could examine the whole existing circulation. We have thus :

Total number of coins in circulation ; Number of coins of a certain date
in circulation :: Total number of samples ; Number of samples bearing the
assigned date. Whence

Total number of coins^.,— ^ xWum-
Number of samples bearing a certain date ^

ber of coins of that date in circulation.

Now the number of coins of any date now in circulation is less than
the number of coins of that date issued from the Mint. Whence it follows
that the total number of coins in circulation is less than

Total number of samples xt 1. ^ • j* xi. j. j -

t5t

—

r Vi i—r— —r-:

—

j-r X Number of corns of that date
Number of samples bearing a certain date

issued from the Mint. •

We have thus a figure certainly greater than—a * superior limit * to-^the
total number of coins in circulation. Or rather we have, or may have, a

* Jow. Stat. Soc.i 1868, p. 440 ; Owrreney a/nd Finance, p. 264.
^ The principal instances of this operation known to the writer are, for England

165,610 coins (sovereigns and half-sovereigns) examined by Jevons in 1868; 251,107
by Mr. Martin in 1882 {Jowmal of the Institute ofBasihers, 1882); by the French
Government 2,222,965 coins (of different kinds) examined in 1878, 1,791,808 in 1886
(^BuUetih de Statistique, France, 1878, 1885) ; in Belgium, 1878, 103,475 coins by the
Banque NatUmale, 83,599 by the MiTtAsthee des Fiaumces {Bulletin de ^atistique,
France, 1878). Of the enquHe said to have been made in France in 1868 the wnter
has not been able to find any particulars.
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great many superior limits, one being afforded by each year (or at any
r^te each short period ^ of years) as far back as our data reach : in England
as far back as 1817, in France 1803.

It remains then to consider which of all these data it is best to employ.
Evidently the smallest superior limit will be afforded by the year (or short

Number of coins issued
== r 5—; ; : — IS a minimum

;

Number of coins now in circulation

in other words, that year whose coinage haa-snffered least loss. Now d
priori there is a presumption that the coinage which has been longest in cir-

culation will have lost most. And this theoretical conclusion is corroborated
by observation. It is shown by Jevons that the ‘ proportions of coinage
surviving' are smaller for the older coinages.* The general truth of
the proposition is similarly confirmed by the results of the French
enqu^tes.

It is proper, therefore, to select a recent coinage as that which should
enter into the formula above given.® Accordingly Jevons (writing in

1868) takes the period 1863-4 as his basis. The number of sovereigns
coined in that period, 14,678,0002., is to be diminished^ by 600,000
known not to haVh entered into circulation. The remainder, 14,000,000
(nearly), is to be multiplied by being the ratio of the
total number of sample sovereigns to the number of samples of sovereigns
dated 1863 or 1864. The result is 75,000,000, to which may be added
certain sums known not to have entered into circulation, but to be * lying
in bags as received from the Mint * in the Bank of England.

By similar reasoning ® De Foville finds, as a superior limit to the
number of twenty-franc pieces ia France, 175,000,000.

De Foville places this reasoning in a somewhat different shape, or rather in two
different shapes. The substantial identity of the various forms may best be
contemplated by the aid of symbols. Let £ be the required total number of coins
in the existing circulation. Put S for the total number; of samples, and Sj, .

a,. . . . for the number of samples bearing date year 1,2, 3, &c.„respeotively (the
years® being reckoned either onwards from the date of the oldest coin in circulation,

or backwards from the most recent ]^riod). Let the number of coins issued from the
Mint for the corresponding years be Cj, Cj . . . By the reasoning above stated

Owing to the practice which used to prevail of coining with dies which had
become out of date, it may not be safe to treat the yearly return as perfectly accurate.
See, on the practice alluded to, Jevons, Owrrmcy arid Finance^ p. 280 ;

Martin, ^ov/mal
.of the Institute ofBankers^ 1882, p. 311 ; De Foville, Journal de Statistiq^iet 1886, p. 11.

,
* Currency cmd Fi^ianee, p. 281. Jevons, in the passage referred to, is calculating

,
what may be called the absolute proportion of each coinage surviving ;

but for our
preseift purpose it b sufficient to know how many times the diminution, or mortality

so to speak, of one coinage is greater than that of another. For this purpose we need
not suppose, with Jevons in the passage referred to, the total 'number of coins in cir-

culation to be knovm. We are concerned here only with thQ ^rropoi-tions between the
figures in the second column of Jevons’ table at p. 281 ; and for that part of Jevons’

conclusion we do not require the whole of his premisses. We can deduce immedi-
ately from the table at p. 264 that part of the table at p. 281 which we here require ;

namely, that the proportion surviving of coins issued in ’63-64 is greater than the

corresponding proportion for the period ’^^.62, and still greater than the proportions

for the earlier periods.
• This general rule and the possible exceptions are illustrated by the dmgram

,
on p. 8. The whole matter is placed by De Foville in a clear light (Joii/rnal de
^dtistique, 1879. p. 36 ; 1886, p. 12).

^ Currency and F^/nanee, p. 266.
^ Journal de StatisH^^ de ParU, 1878 and 1886.
Or short periods. See note 2 above.

1888.

period) for which the
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a
E < -Cy. One of the forms into which Do Foville throws this inequation is

E<~~Cr, Journal de . . Statistique/ 1886, p. 14). Another form (suggested in his

paper dated 1879) is Cj + + p^c^ + &c. ; where the years (or short periods) are

re^oned backwards from the present, and where pg, pj, &c., are fractions

corresponding to the greater loss which the coinages of early periods, as compared
with ime most recent, have undergone.

Let e,, e.^ be the (unknown) number of coins bearing each date in the existing

circulation. By hypothesis

• — •— — — ... ~ — « . * • •

. S

Also Es»ei + eo + &c.+er • . • • • (2)

fr

Co Cr
Cj + Cg"* + &C. + C,.•

C,

Cj + Cg- + &C. +
' ^2 Cj.

Cr

^ tl

Now each of the fractions of the form J is reducible to -1
; multiplying both the

Cf.

E
Cr 8f>

numerator and denominator by
^

and taking account of equation (1). The

factors in this new shape are known quantities derivable from our data. Call them
1, pg, P3 . . . prf respectively. Then we have

E = ^ l^Cj + PgCg + &C. + PrCr

J

Whence, as is a proper fraction (or at any rate not greater than units), we have
Cl

E< (or at most *» ) 0^ + pgCg + &c. + prC,..

A geometrical illustration may put the jnatter in a clearer light. In the
annexed diagram the line represents the total number of samples, and its

segments ^g, &c., the number of samples bearing date 1, 2, >3, &c. The line

EE', divided into the proportionate segments c, Cg &c., represents the total number
of coins in circulation and the numbers thereof bearing each date. The numbers
of coins issued from the Mint each year are represented by the lines Cj Cg S^. In
general, the more recent the year, the less has the coinage of that year lost, the

smaller is the ratio -
.

’ But, as we shall have occasion to remark afterwards, there

may be an exception to this rule, as* the figure shows in the case of the year 6.

Now the essence of the reasoning is that EE'<0,0/ (and than any correspond*
gg/

*

ingline, s.p., OgC'g). Whether is it easier to say (o) with us, EE' <C~~ Cj or ($) after

De Foville’s second redaction (1886) fiE'<SS' or (y), in the spirit of his first
*1

papery EE'< + og + a« + &c., where Cg, Oj, &c., are the remaining segments of the
line * 0,0',. Any of these segments a may thus be expressed in terms of Cr and
other known quantities

:

.

> kc. might be used to designate the * rbmaining ’ segments of C, C g.
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OC' CO' Sr C,Sr I

Whenco sr

EE'<Ci+p3C2+p3C3+ &C.

obtained by means of a second approximation. He seeks a nearer limit

to the total number of coins by subtracting from the number of coins

issued from the Mint in the most recent period (which forms the datum of
the first approximation) a certain proportion which may be known to have
been exported.* The coinage of 1863-64 forming the basis of his calcula-

tion, he ascertains the quantity of coin exported during the short interval

of time (1865-67) between the end of that period and the date at which
he wrote, which quantity proves to be 8,664,653. He then goes on:
* There are no means of determining from the ajjove, with accuracy, how
much of the coinage of 1863-64 has been exported; but as exporters prefer

the newest and heaviest coin, we are probably within the truth in assum-
ing that the sovereigns of 1863-64, which form about one^fifth of the

sovereign currency, also form one-fifth of the above exports.* Accord-
ingly he subtracts from 14,578,000, tjie number of sovereigns issued from
the Mint in 1863-64 (which constitnted the uncorrected datum of the
simpler^ calculation) one-fifth of 8,664,653. He thus succeeds in obtain-

ing a considerably lower limit than by the uncorrected method.

This reasoning admits, or should admit, of being expanded and illustrated as
follows. In the annexed figure let the height of each column up to the unbroken

Chm'enoy and MnaneetTp. 267. * Above, p. 226,

Q2
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line represent the numbers of coins of each date existing in the circulation at ih^
end of the most recent period designated 1. At that time let exportation act for a.

short period. Its ravages falling unequally on columns 1, 2, 3, &c., the elevation of

the hroken lines will represent the new distribution of proportions. Call the new
heights &c., the old heights being Aj, &c. At the beginning of the short

period of exportation at least ^ of the initial exportation falls upon column 1. At

the end of the period at least of the later drains are taken from that column.
oh

Now ^ is greater than
oh Sh'

Hence for the whole period at. least ^ of the total
Sh

hf
exportation falls upon column 1 ;

being the proportion of coins dated 1 .exist-
sw

ing in the circulation at the end of the period of exportalion.

It is thus that Jevons argues, or must be suppos^ to argue : that, as the coinage
of 1863-64 constituted in 1868 about one-fifth of the then existing circulation,

therefore at least a fifth of the exportation during the period 1865-^ must have'
fallen upon the coinage of 1863-64.

Part H.—Criticism and Correction.

In criticising this method we majr adopt the same order as in expound-
ing it, and separately consider the reasoning which constitutes the first

and the second approximation. (1) The fundamental position of the
argument is undoubtedly sound, provided that the proportions derived

j&om the inspection of sample collections are sufficiently accurate. ' For
the validity of these data (in the case of one of them at least) we have-

the high authority of Jevons. * I feel certain,’ he says, ' after drawing up
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many averages, that this proportion must be very near the truth/ * Still

stronger evidence is supplied by the consilience between the results of the
French enquStes made in 1878 and 1885. The two curves which repre-

sent the proportions in which the circulation in the years 1878 and 1885
respectively comprised coins of each date earlier than 1878 correspond, not
only in their genereil character, but even as to their minuter traits.^

If farther accuracy is required, it would be proper to apply the
Mathematical Method of Statistics, the doctrine of Errors, to the data.

The case is as ifwe had observed the proportion of males in a great number,
say 100,000, births taken at random, ab to speak, from the general popu-
lation. We might suppose a number of subdistricts all over the country
selected on some random principle (such as the alphabetical order of
their initial letter) and the birth-rate observed for the heterogeneous
aggregate thus formed. It is required to determine with what accuracy
we can infer, from this aggregate of samples, the proportions prevailing

in the total number of births, say 1,000,000, appertaining to the entire

population. Suppose that for the aggregate of 100,000 the observed
ratio was *51. What extent of deviation from that ratio are the returns

for the entire population likely to present ?

The proper course would be to break up the aggregate of 100,000
samples into a good number, say 50 (or 25), of smaller parcels consisting

each of about 2,000 (or 4,000) units. Let the proportion of male births in

each of these small groups be observed. Call these partial ratios r j
r,

&c. . . . r^o; the ratio for the entire aggregate being *51. Form the

mean-square-of-error

(•51 -r,)* + (.til«.r,)* + &o.+ (-51-r«,)*

50 »

s.nd put the square-root of double the mean-square-of-error, say fi, for

the fnoduliis, that constant upon which all the higher operations of the
C/alcalus of Probabilities tuvn. The modulus for the proportion of male
births in a group of 2,000 being /a say '016,® the modulus for the same

ratio in an aggregate of 100,000 births should be —~=
;
or sonie rather

V 50
larger figure which good sense temperipg theory may prescribe, say *003.

Then we may affirm with confidence that the ratio presented by 100,000
births will not differ from that, which would be presented by a much
larger number by more than 3 x *003

;
and, therefore, that the proportion

of males in 1,000,000 births does not differ from *51 (the observed pro-

portion in 100,000) by more than the calculated limit of error, say '01.

These are not mere anticipations of theory, but practical rules which
have been verified by copious experience.

For illustrations of the Theory of Errors applied to statistical reasoning see the

writer’s * Methods of Statistics,’ Journal of the Statistical Society^ jubilee vol. 1886,

and ‘ Methpds of Ascertaining Bates,’ ^id. Dec. 1886. It may^ be observed that in

the illustration just given we are not, as in most statistical inductions, infenmg
from what has been observed of one time or place, to what is true of another time

or place
;
but, from the constitution of samples selected at random to the constitu-

tion 6t the aggregate from which they we^e taken. The validity of the inference

depends upon the impartiality of the selection.

* Cu/rrmoy a/nd Finanoet^.2^6.
* See De Foville, J&wmal de Staiistique^ 1886, p. Bulletin de Franoet 1886.
* As may be gathered from the researches of Professor Lexis.
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Another illustration may make this point clearer. Suppose that we took 700

hexameters from the *^neid,’ not cn hloc from one or two hooks, as described in the

papers referred to, hut ihy a perfectly random process from the whole poem indis*

criminately. Suppose (as is likely enough) tinat these samples being examined
,

should yield the same modulus for the proportion of daciyls as was afforded by the

actual specimens examined by the writer : namely *3 (for lines of four feet, the-

almost unvarying last two feet of the hexameter being left out of account). In

this case we may be fairly certain that the proportion of dactyls Resented by the

sample, say *4, will not differ from the proportion in the whole * 2Eneid ’ by more

than 3 x —?— , say *036. He who carefully considers the verifications adduced
n/700 .

in the second of the papers refeiTed to cannot reasonably doubt this proportion, of,

rather, will not feel more than the theoretical degree of uncertainty about it.’

But when, as in the actual statistics to which reference has been made, the

specimens have not been selected with ^discriminate impartiality, then the induc-

tive hazard in inferring from a part to the whole becomes more serious. Even
then, however, the inference may be sufficiently safe if inspection 1^ convinced us-

of the general homogeneity of the total aggregate concerning which we wish to

draw a conclusion. The tOO Virgilian lines examined by the writer, though far

from being perfect sanmles, seem still to justify an inference as to the constitution

of the whole ‘.^reid.’ There being in' the whole poem some 9,900 lines, it is reason-

ably certain that a superior limit to number of dactyls in the ^.<Eneid ’ is mven by
the following formula, in which account is taken of foot and of the-

unfinished lines ; whose number we shall call n.

Total number of dactyls in the *^neid ’ is less than

4 (9900 -«)(-4 . 3;^^—

)

+ number of dactyls in the n unfinished linea

+ (9900—71—number of spondaic lines).

We ought similarly to test the validity of the ratio which constitutes

the foundation of the devonian argument. We should break up tho

aggregate of samples into some fifty parcels, observe the ratio for each

batch, and thence extricate the necessary coefficient. Of course it would
be desirable to employ judgment in testing the worth of our result. We
might notice, for instance, whether the modulus derived from one half

our samples was much the same as that which the other half yielded.

We should observe whether the modulus for batches of 4,000 is as much
less as it ought to be than the modulus found for batches of 2,000. Such
inspections intelligently performed would suggest to what extent the^

general rule above exemplified might rjBquire some relaxation in view of
the specially loose character of our material's.

We shall thus determine the utmost extent of error which we are likely

to commit in putting the observed ratio

Number of samples bearing a certain date /

Total number of samples g
Number of coins of that date in circulation

Total circulation
for the (unknown) ratio

Call this maximum of error (which may be either in excess^or defect)
X. By means of this datum we can ^correct the superior limit (to the
circulation) obtained lately. •

That superior limit, it may be recollected, was— /

•'

Total number of samples
^

. . -

Number of samples bearing a certain (recent) date
^ issued^

* One source of uncertainty is that the determination of the modulus from a
limited number of observations is liable to a certain error.
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from the Mint at that date ;
' in symbols — Cj. Bat we have now to take

S fi
account that -- may be too- small. It may be as much too small as S

®i

g
may be too large. The true ratio which— represents cannot then be

1

larger than St ^
• That expression

,
multiplied by c^, constitutes a

perfectly safe superior limit—comparable to the safe load or breaking load
of mechanical construction.

No doubt a similar degree of evidence might be attained by repeated
enqtiStes, such as those performed by the French Grovernment. The
marvellous consilience between most of the ratios yielded by the samples
of 1878 and 1885 goes far, as already observed, to establish the accuracy
of those ratios. It is, however, desirable, for the purpose of exact com-
putation, to have a numerical limit to the possible error of each proportion
which we utilise. And, at any rate, it is philosophical not to expend
labour in increasing our materials, when the same amount of evidence
could be crushed t)ut of a smaller quantity of material by a properly
directed scientific process.

Moreover, if this operation be performed, we shall be able, so to speak,

to cut the argument much more finely
;
to obtain a smaller, perhaps much

smaller, superior limit than would be safe for the empirical statistician.

It will be recollected that a coinage of ^recent date was selected as the
b^is of our calculation, because, in genfetal, recent coinages have suffered

less loss. But there is some evidence that there are exceptions to this

rule. Now, if this evidence were confirmed by rigid application of the
mathematical test, we might obtain a much more favourable basis for the
oalculation than it has hi^erto been safe to employ.

The matter is placed in a very clear light by the French .statistics,

t. 1 ^ 1 1 1 ,, . Number of samples _
wnicn tabulate for each year the ratio r «—

:

; j (m DeNumber of coins issued

Foville’s notation y). Now the expression for the superior limit may,
after De Foville, be written

Number of coins issued '

, , „ ,

.

For our purpose, to find the smallest superior limit, the largest value

ot the ratio designated by the French as y would be the best, provided
that it is accurate.

* 2
De' Foville employs a ratio of about » but there occur in the

^French statistics the entries 7, 12, 17, nay 26 (each to be divided by

1000) ;
and in the Belgian statistics much more startling proportions.

4
Supposing we were assured that was a genuine ratio (the coinage

of the particular year corresponding having suffered particularly little

—

a quite reasonable supposition, as De Foville shows), then, the number

* See above, p. 225 and p. 227.
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of samples being 384,302, for our superior limit we should have
QOA OAO AAf) "

V— — — 96,000,000 (pieces of 20-francs) nearly ;
whereas De Foville

has 175,000,000.

(2) We have now to criticise the logic of the ^second approximation *

which takes into account the exportations of coin. The reasoning which

has been described appears to be formally correct provided that the

period during which the exportation is supposed to act is suflBciently

small
;
ideally diminished in the spirit of the differential calculus. But

it is a matter of delicacy extending the conclusion to cases in which the

‘ period * cannot be regarded as infinitesimal. An illustration, Jevons*

own, will best exhibit the difficulty. Je\;on3 argues that, as the coinage

of 1863-4 constitutes about one-fifth cf the existing circulation, there-

fore at least a fifth of the exportation during the period 1865-7 must have
fallen upon the coinage of 1863-4. But how is it known that the main
part of the exportation of 1867 (or even 1866) did not fall upon the

coinage of 1865 ?

But it is needless to examine how much the reasoning leaks here, if

a more serious gap is caused by the omission of all reference to imported
coin. ' How do we know that the imports during the later portion of the

period of 1865-7 did not bring back many of the coins which the exports

at the beginning of the period had taken away ?

The following correctives are suggested. For a certain period (such
as Jevons selected, 1865-7, or shortei^ observe samples of the exports and
imports (opening and examining many outward-bound treasure-chests)

and thereby determine the proportion both of the exports and of the
imports (for that period) which consists of coins belonging to a certain

recent period corresponding to Jevons’ 1863-4. Then we may reason
thus; placing ourselves in imagination at Jevons’ epoch 1868 (or, mutatis

mutandis, in 1888).

(1) Number of coins dated ’63-4 now in circulation most number
of coins issued ’63-4 minus (proportion of exports ’65-7, consisting of cojns
’63-4) X (exports ’65-7) plus (proportion of imports ’65-7, consisting of
coins ’63-4) x (imports ’65—7) minus bags in Bant of England, as men-
tioned by Jevons (and other known items).

(2) (Total number of coins (of all dates) in circulation) x proportion
of coinage ’63-4 in existing circulation (found by sample)=number of
coins dated ’63-4 in circulation.

(3) Total number of coins in circulation is greater than the right-hand
memher of equation, or rather w-equation (1), divided hy proportion of
coinage ’63-4 in existing circulation.

This reasoning takes for granted that the invisible or unre^stered
exports are compensated, or at least not exceeded, by the imports
of the same species. It must be assumed also—what has been
doubted upon good authority ^—that the statistics Which we have are
fairly accurate. A chink in the logical structure may be filled up

; but
rottenness of the statistical material is«irreparable.

' See Soetbeer’s Materinlen, p. 48. It is possible that the conditions necessary
for the application of Jevons’ method may fail for the United Kingdom, but may be
partially fulfilled for some other of the ‘ principal countries ’ which are comprehended
in our'province.
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Fourth Report of the Committee^ consisting of Dr. E. B. Tylor,
Dr. Gr. M. Dawson, General Sir J. H. Lefroy, Dr. Daniel
Wilson, Mr. B. G. Haliburton, and Mr. George W. Bloxam
(SecretaT^), appointed for the purpose of investigating amd
p'qhlishing reports on the physical characters^ languages^ and
vndustrial and social condition of the North-^Westem Tribes of
the Dominion of Canada,

The Committee report that, in addition to Mr. Wilson, of Sault Ste. Marie,

who contributes some valuable remarks upon the Sarcee Indians, they have
been enabled'to secure the services of Dr. Franz Boas (now of New York,
and one of the editors of ‘ Science *), who has been for several years engaged
in ethnological investigations in America, particularly among the Eskimo
and in British Columbia, and who has consented to return to that province
for Jhe purpose of continuing his researches there on behalf of the Com-
mittee, and in accordance with the instructions comprised in their
‘ Circular of Inquiry.* Only eight or nine weeks—in May, June, and
July last—were available for his trip, but, with the advantage of the

experience and information obtained in his previous journey, he has been
able to gather a large mass of valuable material. The results of his

inquiries will be given in his final report, to be presented next year. For
the present occasion he has prepared some preliminary notes, with an
introductory letter (addressed to Mr. Hale), containing a brief account
of his proceedings, and some 'mportant suggestions concerning future

inquiries and the condition of the Indians of that province. The letter is

as follows :

—

* I beg to transmit the following report of my proceedings, with
preliminary notes on the results of my researches in British Columbia.
In your instructions dated May 22, 1888, you made it my particular

object, on the present trip, to obtain as complete an account as ^ possible

of the coast tribes and their languages.
.
As on my previous journey, in

the winter of 1886-87, I had collected a considerable amount of material

respecting the southern tribes, I turned my attention at once to the

Indians inhabiting the northern parts of the coast, including the Tlingit.

On June 1 I arrived in Vancouver, and after ascertaining certain doubt-

ful points regarding the Skqomish, who live opposite the city, I proceeded

to Victoria on June 3. Mayor J. Grant, of that city, kindly gave me
permission to take anthropometric measurements of such Indians as were
in gaol. This proved the more valuable, as the natives were very reluctant

to have any measurements taken. I sought to obtain measurements and
drawings of skulls in private collections in Victoria, and was fortunate

onough to be able to measure eighty-eight skulls from various parts of the

coast. The results of these measurements must be reserved for the final

report; I will mention onlythe remarkable fact that skulls of closely related

tribes show great and constant diflerences. Comparisons of ten skulls

•each &om Victoria, Sanitch, and Comox give the following results.:—

Length Length-breadth Length-height

Mill Index index

Victoria . . 1846 77*7 76 0 -

Sanitch , . 161*0 96*6 80*8

Comox . 176*6 77*9 77*4
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These differences are in part due to artificial deformiEition. It seemSf
' however, that this explanation is not sufficient. These tribes belong ta

the Salish stock.
* As soon as an opportunity offered to start northward, I left Victoria^

and stayed the greater part of June in Port Essington, where I studied

the customs and language of the Tsimshian, and obtained notes on tha

Haida.^ When returning to Victoria a few Heiltsuk from Bella Bella

were on board the vessel, and I obtained notes on this tribe, which sup-

plement to some extent my former observations. After my return to
Victoria I took up the Tlingit and Haida languages, aud when several

canoes from the west coast of Vancouver Island arrived, that of the-

Nutka. In the beginning ofJuly, Father J. Nicolai, who is thoroughly con-
versant with the Nutka language, arrived there from Kayokwaht, and in

a number of conversations gave me valuable information regarding the
grammar of that language. I obtained information respecting their

legends and customs from a few natives, and on July 11 went to the main-
land. After staying two days in Lytton I proceeded to Golden and up
the Columbia river, in order to devote the rest of the available time to-

the Kootenaj. On July 26 I returned east.

‘ The results of my reconnoissance are necessarilyfragmentary, as I waa
not able to devote more than a few days to each tribe. I obtained, how-
ever, sufficient material to determine the number of linguistic stocks, and
the number of important dialects of those stocks which I visited. The-

vocabularies which I collected during my former and on the present trip

contain from 500 to 1,000 words, and embrace the following languages

:

Tlingit, Haida, Tsimshian, Kwakiutl (Heiltsuk and Lekwiltok dialects),.

Nutka, Salish (Bilqula, Pentlatsh, Comox, Nanaimo, Lkungen, Sishiatl,

Skqomish, Ntlakapamuq dialects), and Kootenay. I obtained, also, gram-
matical notes on all these languages, and texts in some of them.

* I may be allowed to add a few remarks on future researches on tho
ethnology of British Columbia. Only among ^he tribes from Bentinck
Arm to Johnson Strait the customs of the natives may be studied
uninfluenced by the whites. But here, also, their extinction is only a
question of a few years. Catholic missionaries are working successfully

among the Nutka
;

the fishing and lumbering industries bring the
natives of the whole coast into closer contact with the whites. In all

other parts of the country, except on the upper Skeena, the student is,,

to a great extent, compelled to collect reports from old people who have
witnessed the customs of their fathers, who heard the old myths told over'

and over again. In the interior of the province even these are few, and it is-

only with great difficulty that individuals well versed in the history of olden
times can be met with. After ten years it will be impossible in this region
to obtain any reliable information regarding the customs of the natives in
pre-Christian times. Even the languages are decaying since the advent
of the whites and on account of the extensive use of Chinook. IToung
people neither understand the elaborate speeches of old chiefs nor the old
songs and legends when properly tpVd. Even the elaborate grammatical
rules of these languages are being forgotten. For instance, old Nntka^
will never form the plural of the verb without reduplication, while young-
men almost always omit it. Instead of the numerous modi, phrases are
used—in short, the languages ai:*e decaying rapidly. .The study of the
anthropological features of these races is also becoming more and mot^
difficult on account of their frequent intermarriages with whites

; and the
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conseqaenii difficulty of finding full-blood Indians. The once abundant
material of old native crania and skeletons lying scattered all over the*

province is becoming more and more scarce as it decays and the country
IS being reclaimed.

* It is nowhere sufficient to study languages alone in order to solve

ethnological problems
;
but in this province the study of a large amount

of anthropological material is an absolute necessity on account of the
diversity of languages and the great dialectic differences in some of them.
The Salish stock in British Colunibia, for instance, is spoken in eleven dia-^

lects, which are each unintelligible to thb speakers of the others. It would
be of great importance to study the anthropological features of this race,,

the northern tribes of which are.physically very much like the Kwakiutl.
‘ Last of all I mention the antiquities of the province. Valuable relies

are destroyed every day. They are turned up by the plough and thrown
away ; graves and mounds are levelled, shell heaps are used for liianuring

purposes, cairns are removed. The destruction will be very thorough, as

those parts in which relics are found are at the same time those which are

the earliest to be reclaimed.
* For all these reasons an early study of the ethnology of the province-

must be considered a necessity. In the course of a few years much might
be done to preserve fhe most important facts. The languages might be
reduced to writing, the interesting poems and songs that are still afloat

might be preserved, we might obtain a complete account of the mythology,

and sufficient material for anthropological researches. A few years hence it

will be impossible to obtain a great part of the information that may now
bo gathered at a comparatively slight expense.

‘I cannot close these remarks without adding a few words on the

present state of the Coast Indians. It is well known that they have been*

greatly reduced in numbers since the advent of the whites, and that they
are still diminishing. It is also well known that, with few exceptions^

they have made no progress whatever. The reasons for these facts are

easily understood : the natives become accustomed to products of our
nianufaoture, and in order to purchase them become servants where they
have been masters before. At the same time their native industries-

decay. This process is hastened by the influence of missionaries, who
discourage all native arts, as connected with their heathenish customs,

without being able to supply anything in their stead. Thus the psychicah

life of the natives is impoverished, and this, I think, accounts principally

for their rapiddegradation afte r their first contactwith the whites. The only

way to civilise these tribes is clearly shown by Mr. W. Duncan’s success at

Metlakahtla. He made the Indians of Metlakahtla a self-sustaining, in-

dependent community. Similar results are gradually being obtained in

other places, and these results show that the establishment of independent

industries on co-operative principles will educate the Indians and make
them capable of becoming Useful members of the State. The easiest and
soundest way to do this is to encourage native industries and arts—fish-

ing and working in wood. At the »same time the natives ought to be-

educated to a more sanitary way of living. This can be attained only by
puttifig energetic medical men in charge of Indian districts. There can

be no doubt that an intelligent man, capable of adjusting his argument to

the mind of the Indian, would easily induce them to a thorough sani*

tation. The Indians do not individually give up their old customs, but

invariably do so in council. By gaining their confidence, the council
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<;oiild be easily induced to listen to sound advice. I do not believe that

it is too late to save the Indian from utter destruction ; and we may still

hope that the spectacle of an intelligent race becoming more and more
degraded and vanishing from the earth’s surface will cease to exert its

saddening influence upon the traveller who visits the shores of British

'Columbia.’

To this letter Dr. Boas adds the following :

—

Preliminary Notes on tSe Indians op British Columbia.

Although the Iiidiams of the north -wpst coast of America belong to a
great number of linguistic stocks, and although their physical peculiarities

suggest that they belong to various races, their customs are so much
alike that it is impossible to describe one tribe without having reference

to all the others. For this reason it is necessary in a general survey to

treat their languages and their physical and ethnographical character

separately, although from the standpoint of the psychologist it would
seem more desirable to describe each tribe by itself.

The following are the principal races inhabiting the province, including

the coast strip of Alaska: 1. the Tinne (or Tinneh), who occupy the

interior from the extreme north to Quesnelle and Chilcot in the south.

2. The Tlingit, on the coast of Alaska
;
and the Haida, on Queen Char-

lotte Islands and the southern part of Prince of Wales Archipelago.

3. The Tsimshian, on Nass and Skeena Rivers and the adjoining islands.

4. The Kwakiutl, from Douglas Channel to the central part of Vancouver
Island, excepting the west coast of that island and Dean Inlet and Ben-
tinck Arm. 5. The Nutka, of the west coast of Vancouver Island and
Cape Flattery. 6. The Salish, on the south-eastern part of Vancouver
Island, on the mainland as far as Quesnelle Lake and Selkirk Range, and
on Bentinck Arm. 7. The Kutonaqa, on Kootenay Lake and River, and
on the Upper Columbia.

[Dr. Boas here gives brief notes on the grammatical structure peculiar

to each of the six linguistic stocks which he has studied—the Tlingit
(and Haida), Tsimpshian, Kwakiutl, Nutka, Salish, and Kutonaqa. It

has seemed advisable, however, to defer the publication of these notes
until they can appear in fuller form in the final report, where they will

be accompanied by the comparative vocabularies and the ethnographical
map, and can have the benefit of the author’s revision of the proofs.

In the Indian words comprised in this report the vowels are to be
pronounced as in Italian, and the consonants, for the most part, as in
English. The letters k* and g' represent deep gutturals corresponding to
the ordinary h g. The h represents the German ch in ich. The q denotes
the sound of the Scotch ch in loch. By tl an exploded I is indicated, and
by h* an exploded huy the u pronounced very ihdistinctly.]

€

Social Organisation.

I confine myself, in these preliminary notes, to a brief description of
the totemism of these tribes, leaving a more detailed discussion of the pre-
rogatives of the chiefs and of certain families to the final report. Among
the Tlingit and Haida we find a great number of crests, which, however,
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are divided into two groups—the raven and the wolf among the Tlingit^
the raven and the eaglo among the Haida. The Tsimshian have four
totems, the raven (called K'anha^da), the eagle (Laqski'yek), the wolf
(Laqkyebo'), and the bear (Gyispotue'da). The Heiltsuk and their northern
neighbours have three totems; the ’killer {Delphintts orca) (Ha'nq'aiAtenoq),.

the raven (K o'iMenoq), and the eagle (Wik’oaq/itenoq). It is a very
remarkable fact that among the other tribes of Kawkiutl lineage no
totemism, in its strict meaning, is found. The tribes enumerated above
have the system of relationship in the female line. The child belongs
to the mother’s crest, and, although the* wife follows her husband to his

village, the children, when grown up, always return to their mother’s
tribe. I conclude from the fact that the Kwakiutl, south of Rivers Inlet,

have the system of relationship in the male line, or, more properly
speaking, in both lines; that the Heiltsuk adopted their system of totems
from the Tsimshian. I have not heard a single tradition to the effect

that the gentes consider themselves the descendants of their totem
; the

Tlingit and Haida, as well as the Tsimshian and Heiltsuk, have certain

traditions referring to ancestors who had encounters with certain spirits

or animals who gave them their crests. It is true that the Haida and
Tlingit claim to have been created by the raven, but the legend has no
reference whatever to the totem.. The Kwakiutl and Salish tribes are also

divided into gentes, but these are not distinguished by animal totems, but
derive their origin each from a man who was sent down from heaven by
the deity, and who, in some way or other, obtained his crest from a
spirit. These legends are of the same character as the corresponding
ones of the Tsimshian. The crest of the family is represented on paint*

ings on the house fronts, on the ‘totem posts,’ and on tattooings. The
latter are probably not used by the Tlingit, while the Haida tattoo

breast, back, arms, and legs. The Tsimshian tattoo only the wrists,

according to their crest. Tattoo marks are also used by the Hutka. TJie'

figures on posts and houses have always a reference to the being ehcoun*
tered by the ancestor, but sometimes also figures of- the father’s crest are
used by the owner, the father having the right to permit his cMld to use
them. The posts do not represent a continuous story, but every figure

refers to one tradition. Each gens has also names of its own, whicl#
among the Tsimshian must have a reference to the father’s gens. Thus,
on hearing a name a Tsimshian knows at once to what gens both the

bearer and his father belong. Among the Salish and Kwakiutl the child

follows, as a rule, the father’s gens, but he may also acquire his mother’s

gens. By marriage he always acquires the prerogatives of his wife’s

mmily. It is only here that such prerogatives are connected with the

gentes. They refer generally to the use of masks and certain ceremonies
of the winter dance, the most important of which is the Ha^mats’a, the

man-biter. But the accession to these privileges is not only a right of
the young man, it is also his duty to accept them. Among the Salish

tribes of the Gulf of Georgia the division into gentes is not as clearly

defined as farther north. Here group of gentes forms a tribe, each •

gens inhabiting one village. In removing the village from one place to

the ‘other they retain the same name, which, however, is not the name of

the people, properly speaking, but that of their village. Each gens derives

its origin from a single man who descended from heaven, and whose sons

And i^randsons became the ancestors of the gens, the child always be-

longing to his father’s gens. While among the northern tribes marriages-
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in the same gens, or phratry, are strictly prohibited, tliVe exists no snob
iaw among the Salish.

I have not found any trace of a division into gentes among .the

Kntonaqa.

Mythology.

It is one of the most interesting problems of ethnology to study the
-development of a system of mythology. On the north-west coast of
America this study is the more interesting, as we can show how legends
migrated from tiibe to^ tribe. The great hero of the mythology of the
northern tribes is the raven, who created daylight, mountains, trees, men.
These raven legends have spread ve^y ,far south, being even known to

the Cowitchin of Vancouver Island, ijnd probably still farther south.

The hero of the mythology of the southern tribes, on the other hand, is

the great wanderer, the son of the deity, who, on his migrations all over
the world, transformed men into animals, and animals into men. It

Appears that this legend, which is known from the mouth of the Columbia
to Bella Bella, originated with the Salish tribes

; however, we do not •

know how far it extends inland. Another legend belonging to these
tribes has spread far north. It refers to a visit to heaven, and the mar-
riage of a young man to the sun’s daughter. Traces of this tale are
found among the Tsimshian. The myths of the Kutona'qa and of the
Okanagan refer principally to the coyote. I shall proceed to describe
•briefly the myths of the various tribes, at the same time pointing out
•their connection among each other.

The Tlingit say that the world was originally swinging to and fro in •

space. There was something underneath it that was to serve as a rest

for the world
; the latter approached it, but never succeeded in joining it.

All animus tried in vain to fasten the world to it. At last a female
-spirit, Harishane^ko (=thewoman under us), smeared her belly with.deer
tallow, lay down under the world, and when the latter approached the
underworld again the tallow fastened both together. The earth is con-
sidered square, the comers pointing north, south, east, and west. In the
north there is an enormous hole into which the water of the ocean gushes,
•^nd from which it returns, thus causing the tides. There is another idea,

to the effect that the world is sharp like a knife’s edge, but this seems to
be said more in a moral aspect, the meaning being that the road of r^ht
doing is narrow ;

whoever does wrong falls from the road and diesi The
•earth rests on Harishane'ko, and when the latter moves there is an earth-
•quake. The moon is the sun’s husband. There is a chief in heaven
called Tahi't, the ruler of those who fall in war. These fighting souls
produce the aurora. It is worth remarking that this belief is also found
Among the Eskimo. On the same level with the earth, but outside its

borders, is the country of those who died of sickness.

The creation legend of the Tlingit is as follows :—In the beginning
there lived a great chief and his sister. The chief killed all his sister’s

sons as soon as they were bora. One •day when the woman went to the
beach mourning the death of her chil<}ren, a seagull advised her to swallow
three stones. She obeyed, and after a few days gave birth to three bl^,
the oldeist of whom was YStl^ the raven. He wanted to avenge the death
of his brothers, and challenged his uncle. The latter tried to drown TStl

making the waters rise until the whole earth was covered. He kept
himself afloat by means of his hat, which grew higher as the waters were
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rising. Yeti, however, flew up to the sky, and at last pressed down his

uncle’s hat, thus drowning his enemy. The waters disappeared again,

und then Yeti obtained the sun, which was in possession of a chief , and
the fresh water, which was owned by the fabulous K anu'k*. He made
trees and moautains next, and finally tried to create man. First he
shaped human figures out of stone and wood, but did not succeed. Then
he made man out of grass, and for this reason men are mortal. After

' this Yeti began to wandw all over the world, and in all his further ad-

ventures he is described as extremely voracious and greedy.

The mythology of the Haida is substantially the same as that of the

Tlingit. The raven is called Yeti by the Kaigani, while on Queen
Charlotte Island his name is Qoia. His uncle's name is HenkyilstWs.

The Tsimshian have also traditions referring to the raven, but he is

fiot considered the creator of men. They consider the Nass River region

as their original home, and the Nass language the oldest dialect of the

Tsimshian. The origin of men is thus accounted for :—A long time ago
a rock and an elder, near the mouth of Nass River, were about to give

birth to men. The children of the elder were the first to be born, there-

fore man is mortal. If the children of the rock had been bom firat, he
would have been immortal. From the rock, however, he received the

nails on hards and feet.

The Tsimshian worship the deity in heaven, Leqa', who lives above
the sun. The raven myths were evidently imported from some foreign

sources, and then the raven was made the descendant of this deity in

order to account for his supernatural powers. This legend, which is found
from Nass river as far south as the northern portion of Vancouver Island,

is substantially as follows :—A chiefs wife, who was with child, died and
was buried. In the grave she gave birth to a boy, who grew up feeding

upon his mother’s body. Eventually he was disco vrered and claimed by the

chief, who grew to be very fond of him. The boy used to shoot birds and to

skin them. One day he put on a bird’s skin and flew up to heaven, where
he married the deity’s daughter. They had a son, who, when' born,

dropped frhm his mother’s hand and fell into the ocean. He was found
by a chief, and in course of time became Tqemsem, of whom the same
adventures are told which Yeti is said to have accomplished. He appears
generayy in the shape of the raven.

The flood,, of which the Tsimshian also tell, is said to have been sent

by heaven as a punishment for the ill-behaviour of man. First, all people,

with the exception of a few, were destroyed by a flood, and later on by
fire. Before the flood the earth was not as it is now, but there were no
mountains and no trees. After the flood Leqa' created these too. The
earth is considered to be round, and resting on a pillar that is held by an
old woman.

The most important of the Kv^akiutl legends is that of the wanderer
K a'nikila. He is the son of the deity, and^ descended from heaven to

oa^th, where he was bom again of a woman. When he came to be

grown up he wandered all over the .world, transforming his enemies into

animals and making fnenda with ih*any a mighty chief. Another im-

portant legend is that of the mink, Tle'selakila (meaning the son of the

sun), who made a chain of arrows reaching from the sky to the earth, on

wl^ich he climbed up and visited his father, who let him carry the sun in

hie stead. When, however, he went too fast, and set the earth on fire,

his &ther oast him into the sea. While the northern tribes of this race
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are acquainted with the raven legends, those farther south ascribe all the
adventures of the raven to the mink. Another class of legends of the

Kwakiutl is of great importance as referring to the spirits of the dances.

I will mention in this place that these remarkable dances have evidently

originated with the Kwakiutl, although they are at present practised by
the Tsimshian and Haida, and by some of the southern tribes. The
Tsimshian practise only a few of them, the naipes of the dances being all

of Kwakiutl origin. According to their own statements they were
obtained by intermarriage with the Heiltsuk. The Haida adopted them
from the Tsimshian. In all the$e dances ornaments of cedar bark, dyed
red, are nsed, and it *appears that this custom also originated among
the Kwakiutl. The most*^rominent figure of this winter dance is the
man-eater, called Ha'mats’a (the eater)^ny the Kwakiutl, Elaqo'tla by the
Bilqula, O'lala by the Haida and Tsimshian. The latter call his dance
also the Wihalai't (the great dance). The Ha'mats’a is initiated by a
spirit, referring to which numerous traditions exist. It is a peculiarity

of Kwakiutl mythology that it treats of many supernatural beings, while
farther north almost exclusively the heaven, the sun, noioon, and raven
have supernatural power. Among these beings the following are of im-
portance:—The Tsono'k'oa (probably a mythical form of the grizzly bear),

the Thunderbird, the Si'siutl (the double-headed snake), and a cuttlefish

of enormous size. The myths of the Heiltsuk are much influenced by
those of the Bilqula, their eastern neighbours.

The legends of the Nutka treat also principally of the great wanderer,
and embody, so far as I am aware, no element which is not found among
the Kwakiutl.

The legends of the Salish vary to a great extent among the various
tribes, those of the coast tribes resembling the myths of the Kwakiutl.
The wanderer and the sun are here the heroes of the greater part of the
myths. The legend of the wanderer does not differ from that of the
Kwakiutl, except in that he is himself the deity. Each remarkable stone or
rock is described as being a man transformed by him. He made a great
fire in order to destroy man, and later on made the ocean rise and cover
the land. The ascent to heaven on a chain of arrows is one of the prin-
cipal objects of their legends, the tale treating frequently of a murder of
the old sun and the origin of the new one. Besides this, the doubleiheaded
snake is of importance, even more so than among the Kwakiutl.

The mythology of the Bilqula, whose language is closely related td that
of the dialects of the Gulf of Georgia, differs greatly from that of the
other Salish tribes, being evidently influenced by their neighbours.

,
Their

mythology, on the other hand, has influenced that of the Heiltsuk. I do
not think that the wanderer legend is found among them. They tell of
the raven who created daylight, and of two men, Masmasala'niq and
Xula'timot, who descended from heaven, created man, and gave him hi^

arts. This legend is one ofthe most beautiful ofthose found on the coast.

Its origin is doubtful. It would be necessary to study the mythology of
the tnbes of the interior more closely in order to arrive at a satisfactory

understanding of this myth. The Bilqula have also the legend of the
mink carrying the sun. They call him T’otk'oa'ya.

l am not well acquainted with the myths of the tribes of the interior,

having collected only a limited number among the Ntlakapamuq. They
also^tell of the wanderer who transformed men into stones, but it ;is

doubtful whether he is in any way connected with the deity. Their
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legends referring to tl^e sun are numerous, one of the most important
being the visit to the sun. There are many legends referring to tho raven
and to the mink, and here for the first time we find the coyote playing an
important part in the mythology.

The heroes of the myths of the ICutonaqa are the sun and the coyote.

These myths are niore closely connected with those of their south-eastern

neighbonrs than with those of the north-west coast Indians. It is, how-
ever, of interest to notice that the legend of a chain of arrows reaching
up to the sky, and a conquest of the sky, which is so important in the
Salish tales, occurs here also. One of the most interestinglegends is that

of the origin of the sun. The animals tried by turns to act as the sun,

but none succeeded. The coyote almost succeeded, but as he made it

too hot, and as he told everything he saw going on upon the earth, he
was also compelled to give up his place in the sky, and then the two sons
of the lynx became sun and moon. Later on, the coyote became the
father-in-law of the sun, and many are the tales that refer to his adven-
tures. He plays a part similar to that of the raven in tho tales of tha
Tlingit.

Religion, Shamanism, Mortuary Customs.

A study of mythology and of customs shows that the Indians of this'

province worshipped principally the sun or the heaven. The Tlingit
and Haida pray to the moon, and in praying blow feathers up as an
offering. They also pray to mountains, and believe that the animals
of their crest protect them, although they are not forbidden to kill them.
They believe in the transmigration of souls, the soul of the deceased being
bom again in a child of the same gens. The souls of animals return in
the same way in their young. Sickness is to a great extent ascribed to
witchcraft, and it is the duty of the shaman to cure the sick and to find
out the witch. The shaman is initiated by acquiring a spirit. Gleanli-

ness is considered as being agreeable to the spirits
;
therefore the novice

must bathe frequently. Great powers are ascribed to people who*
abstained from sexual intercourse. Tho dead, except shamans, are
burned, and the ashes put up in small boxes. Shamans are buried, near*
the beach, one cofiBn being deposited on top of the other.

The Tsimshian have a supreme deity called Leqa'. Pra3’^ers are fre-

quently not addressed to him directly, but to spirits, the Neqno'q, who
convey them to him. Most of the prayers have conventional forms. In:

praying for clear weather for instance, they say :
‘ Neqno'q, Neqno'q, chief,,

chief, have mercy ! Look down upon thy people under thee. Pall up
thy foot and wipe thy face !

* They think that the existence of man is

pleasing to the deity, and that he enjoys the smoke rising from their

fires. They pray: ‘Have mercy upon us! , Else there will be nobody to

make the smoke rise up to thee. Have pity upon us I
’ The Tsimshian

believe that the dead live in a country similar to our own, and that they
are never in want. The dead are buried, but the heart is taken out and
buried apart. Chiefs are sometimes |;)umt, and so are shamans. If a
series of deaths occurred in a family, the mourners used to cut off* the
first joint of the fourth finger, in order to put an end to the misfortunes
of their family.

The KwSkiutl worship the sun. > Ib is not quite clear whether th^
worship K'anikila, the wanderer, besides, or whether they address their

prayers only to the sun. Their dances are closely connected with their

1888. B
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religious ideas, particularly tBe dance Tlok'oala (= something unexpected

coming from above), which, in course of time, has partly been adopted by
all their neighbours. There are a great number of spirits of this dance,

each of which has his own class of shamans, the duties and prerogatives

of whom vary according to the character of their genii. The Kwakiutl
bury their dead in boxes, which are placed in small houses or on trees.

Posts, carved according to the crest of the deceased, are placed in front

of the graves. Food is burnt for the dead on the beach. Their mourning
ceremonies are very complicated and rigorous.

The Coast Salish y^orship the sun. They pray fco him and are not
allowed to take their morning meal until the day is well advanced. The
wanderer, called Kumsno'otl by the Conaox, Qals by the Oowitchin and
Lkungen, and Qais by the Skqomish, is also worshipped. They believe

tihat he lives in heaven and loves the good, but punishes the bad. The
art of shamanism was bestowed by him upon the first man, who brought
it down from heaven.

The Kutonaqa are also sun-worshippers, even more decidedly so than
any of the other tribes. They pray to the sun. They offer him a smoke
from their pipe before smoking themselves, and sacrifice their eldest

children in order to secure prosperity to their families. They believe

that the souls of the deceased go towards the east, and will return in

course of time with the sun. Occasionally they have great festivals,

during which they expect the return of the dead. They have also the
custom of cutting off the first joints of the fingers as a sacrifice to the
sun. They pierce their breasts and arms with sharp needles and cut off

pieces of flesh, which they offer to the sun. It is doubtful whether
they practise the sun-dance of their eastern neighbours. The dead are

buried, their heads facing the east. It is of interest that the positions of

the body after death are considered to be prophetic of future events.

The mourners cut their hair and bury it with the deceased. Warriors
are buried among trees which are peeled and painted red: Each shaman
has his own genius, generally a bird or another animal, which he acquires

by fasting in the woods or on the mountains. The shamans are able to

speak with the souls of absent or deceased persons, and are skilful

jugglers.

Report on the Sarcee Indians, hy the Rev, E. F, Wilson.

The Sarcee Indians belong to the great Athabascan or Tinneh stock,

to which the Ohipewyans, Beavers, Hares, and others in the North-West
and, it is said, the Navajoes, in New Mexico, also belong. They were
formerly a powerful nation, but are now reduced to a few hundreds.
Their reserve, which consists of a fine tract of prairie land, about a
hundred square miles in extent, adjoins that of the Blackfeet, in Alberia,
a little south of the Canadian Pacific Railway line, and seventy or eighty
miles east of the Rocky Mountains. Although friendly, and formerly
confederate with the Blackfeet, they bear no affinity to that people

;
they

belong to a distinct stock and speak an altogether different language.

.

They are divided into two bands—the Blood Sarcees and the Real
Sarcees.

During mj visit, which lasted seven days, I had several interyfews
with their chief, * Bull’s Head,’ a tall, powei^l man, about sixty years of
age ;

and it was from him and one or two of his leading men that I
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gathered most of my information. I found, however, that the Sarcees
were not so ready to converse, or to tell either about their language or
their history, as were the Blackfeet, whom I visited last summer. Tea
and tobacco seemed to be with them the chief desiderata, and except
with gifts of this kind it seemed almost impossible to gain anything from
them. And after all, even when plied with these commodities, the infor-

mation they ^ve was very meagre, and often far from satisfactory.

From what little I saw of these people I should be inclined to say that
they are of a lower order and inferior in mental capacity to the Blackfeet;

I judge this chiefly by the style in which they told their stories and
traditions, such as they were, and by their having no elaborated theories

as to certain phenomena in nature, about which many other of the Indian
tribes have always so much to say.

Chief * BulPs Head,* in reply to my questions as to their early history,

made a great show of oratory, both by voice and gesture, but much of
what he said was very childish and confused, and seemed to be scarcely

worth the trouble of putting down.
- These people call the Blackfeet * Katce,* the Crees ‘ Nishinna,* the
Sioux ‘ Kaispa,’ and themselves ‘ Sotenna.’ The Indians of their own
stock, as I understand, they call

* Tinnatte.’ These two last names seem
certainly to connect them with the great ‘ Tinneh ’ or Athabascan nation.

Sarcee (or rather Sarxi) is the name by which they are called by the
Blackfeet.

Whence these People Came.

‘ Formerly,* said * Bulfs Head,* ‘ the Sarcee territory extended from
the Rocky Mountains to the Big River (either the Saskatchewan or the
Peace River). Our delight was to make corrals for the buffaloes, and to

drive them over the cut bank and let them fall. Those were glorious

days, when we could mount our swift-footed horses, and ride like the
wind after the flying herd

;
but now the buffalo is gone we hang our

beads, we are poor. And then, too, we used to fight those liars, the
Crees : we engaged in many a bloody battle, and their bullets pierced our
teepees. Thirty battles have I seen. When I was a child the Sarcees
were in number like the grass

;
the Blackfeet and Bloods and Peigans

were as nothing in Comparison. Battles with the Crees and disease

brought in among us by the white man have reduced us to our present

pitiable state.*

Another Indian told us how the Sarcees were at one time one people

with the Chipewyans, and gave us the myth which accounts for their

separation. ‘ Formerly,* he said, ‘ we lived in the north country. We
were many thousands in number. We were travelling south. It was
winter, and we had to cross a big lake on the ice. There was an elk*s

horn sticking out of the ice. A squaw went and struck the horn with an
axe. The elk raised himself from the ice and shook his head. The
people were all frightened and ren away. Those that ran toward the

north became the Chipewyans, and We who ran toward the south are the
** Sot4nnii. ** or “ Sarcees.’*

*

‘ Th# Ch^wyans,* said ‘ Bull’s Head,* ‘speak our language. It is twenty
years since 1 saw a Chipewyan. We call them “ Tcohtin.** They livdnp
north, beyond the Big River ’ (probably the Peace River).



244 REPORT

—

1888 .

Their Traditions, Beliefs, &c.

‘ There was a time,’ said ‘Ball’s Head,* ‘ when there were no lakes.

The lakes and rivers were occasioned by the bursting of the belly of the

buffalo. It was when the belly of the buffalo burst that the people

divided
;
some went to the north and some to the south. For years and!

years I have been told that the Creator made all people, Ad I believe it.

I have heard my mother a^d other old people speak of the days when
there were no guns and no hordes, when our people had only arrows,,

and had to hunt the buffalo on foot
;
that must have been a very long-

time ago.’ .

The Sarcees have a tradition similar <to that of the Blackfeet about
men and women being first made sephrately, and then being brought
together through the action of the mythical being ‘ Napiw.’ •

They have also a tradition of the flood, which accords in its main
features with that of the Ojibways, Crees, and other Canadian tribes.

They say that when the world was flooded there were only one man and
one woman left, and these two saved themselves on a raft, on which they
also collecied animals and birds of all sorts. The man sent a beaver
down to dive and it brought up a little mud from the bottom, and this

the man moulded in his hands to form a new world. At first the world
was so small that a little bird could walk round it, but it kept getting
bigger and bigger. ‘ First,’ said the narrator, ‘ our father took up his

abode on it, then there were men, then women, then animals, then birds.

Our father then created the rivers, the mountains, the trees, and all the
things as we now see them.’

T^en the story was finished I told the narrator that the Ojibway
tradition was very much the same as theirs, only that they said it was
miisle-rat that brought up the earth and not a beaver. Upon this five or
six of the men who were squatting around inside the teepee smoking
cried, ‘ Yes, yes ! The man has told you lies

;
it was a musk-rat, it was

a musk-rat !

*

It seems dubious whether the Sarcees are sun-worshippers
;
but, like

the Blackfeet, they call the sun ‘ our father,’ and the earth ‘ our mother.'
They also engage each summer in the ‘ sun-dance.’ They depend also for

guidance in their actions on signs in the sky and on dreams. They think
they know when there is going to be a fight by the appearance of tho
moon. One of their number, named ‘Many Swans,’ says he is going to
have a good crop this year, for he dreamed that a white woman came
down from above and asked to see his garden, and he showed his garden
to the woman, and it was all green.

‘ Ball’s Head ’ had no theory to give as to the cause of thunder
;
he

knew that Indians of other tribes said it was a big bird flapping its

wings, but his people did not say so
;
they did not know what it was ;

neither had they anything to say about an eclipse.

Manner op Living.

The Sarcee Indians are at present all pagans
; they appear to have no

liking for the white people, and the white people seem to ha"^ little

liking for them, and would gladly deprive them of their lands and drive

them away farther into the wilderness were they permitted to do soi

But the paternal Governmenl^ as represented by the Indian Department, .
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takes care that they are net imposed upon. There is an Indian%.gent
stationed on their reserve, lYho twice a week doles out to them the
Government rations, consisting of excellent fresh beef and good doui'; and
there is also a farm instructor, who has charge of the farming stock and
implements, and does what he can tS induce these warriors and hunters
to farm.

They have also residing among them a missionary of the Church of
England, who visits them in their teepees, and does his best to collect

their little blanketed children to school, giving two Government biscuits

to each scholar as a reward for attendance. But tjlie people are evidently

averse to all these thin|;s, which are being done for their good. Their
only idea of the white man seems to be that of a trespassing individual,

who has more in his possession than he knows what to do with, and may
therefore fairly be preyed upon.

The dress of these people consists, as with other wild Indians, of a
"breech-clout, a pair of blanket leggings, beaded moccasins, and a blanket
thrown loosely, but gracefully, over one or both shoulders. They wear
their long black hair in plaits, hanging vertically, one plait on each side of
the face, and one or more at the back. Some of them knot their hair on
the top of the head

;
and some, I noticed, wore a coloured handkerchief

folded and tied round the temples. This, I believe, is one distinguishing

mark of the Navajo Indians in New Mexico. Very often the leggings

and moccasins are dispensed with, and the man appears to have nothing
on except his grey, vrhite, or coloured blanket. The women wear an
ordinary woman’s dress of rough make and material, and short in the

skirt, next to the skin, leggings and moccasins, and a blanket round the

shoulders. Ornaments are worn by both sexes, but chiefly by the men.
They consist of brooches and earrings made of steel, necklaces and brace-

lets made of bright-coloured beads, bones, claws, teeth, and brass ^ire,

and finger-rings, also of brass wire, coiled ten or twelve times, and cover-

ing the lower joint of the finger. Every finger of each hand is sometimes
covered with these rings. Both men and women paint the upper part of

the face with ochre or vermilion. The people live in ‘ teepees,* conical-

shaped lodges, made of poles covered with tent cotton, in the summer,
and in low log huts, plastered over with mud, in winter. They
depend for their subsistence almost entirely on the rations supplied by
Government. They keep numbers of ponies, but seem to make little use

of them beyond riding about. They keep no cattle or animals of any
kind beyond their ponies and dogs. The latter are savage, and are said

to be descendants of the wolf and the coyote, with which animals they
still often breed. They seem to have no manufactures

;
they make no

canoes, baskets, <fcc., but they know how to prepare the hides and ^kins of

the animals they kill, and they make their own clothing, saddles, bows
and arrows, and moccasins. Some of the women do very excellent bead-

work. Bridles they do^not use
;
a rope or thong fastened to the pony’s

lower jaw takes the place of a bridle
;
their whips are a short stout stick,

studded with brass nails, and provided with two leathern thongs as lashes

at one end, and a loop for the wrist at the other. Their bows are of

cherry wood,, strung With a leathern thong, and their arrows of the

Saskatoon willow, winged with feathers, and pointed with scrap-iron,

filed to a sharp point. The shaft of the arrow has four shallow grooves

down its entire length.
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Gambling.

The Saroees, like most other wild Indiana, are inveterate gamblers.

They will gamble everything away—ponies, teepees, blankets, leggings,

moccasins—till they have nothings left but their breech-clout. In my
report of the Blackfeet, last year I mentioned the use of a little hoop or
wheel for gambling purposes. I find that the Sarcees also use this, and
two of them showed me how they play the game. A little piece of board,

if procurable, or two or three flattc^ned sticks, laid one on the other, are

put for a target, at a distance of«eighteen or twenty feet from the starting-

point, and the two placers then take their places«beside each other
;
one

has the little wheel in his left hand, an aiTow in his right
;
the other one

has only an arrow. The play is to roil*the wheel and to deliver the two
arrows simultaneously, all aiming at the mark which has been set up.

If the wheel falls over on one of the arrows, it counts so many points,

according to the number of beads on the wire spoke of the wheel that

touch the arrow. Nothing is counted unless the little wheel falls on one
of the arrows. The articles for which they play are valued at so many
points each. A blanket is worth, perhaps, ten points, a pony fifty, and so on.

Another method by which these people gamble is as follows : Two
men squat side by side on the ground, with a blanket over their knees,

and they have some small article, such as two or three brass beads tied

together, which they pass from one to another under the blanket; and
the other side, which also consists of tw'O persons, has to guess in which
hand the article is to be found—very much like our children’s ‘ hunt the
whistle.’ The Sarcees use also the English playing cards, but it is a
game of their own that they play with them. Whoever gets the most
cards is the winner.

* Matrimony.

The Sarcees are polygamous, the men having two, three, or four

wives. The time of moving camp is generally looked upon as a pro-

pitious time for love-making. The camp is in the form of a ring, with
the horses picketed in the centre. Early in the morning the young men
drive the horses to a swamp or slough to water them. They are thinking,

perhaps, of some young squaw whom they wish to approach, but they
are ashamed to speak to her. Then, as soon as all is ready for the move,
the chief gives the word, and the callers summon the people to start on
the march. The chief goes first and leads the way. Now is the oppor-
tunity for the bashful young swains

;
they drop behind the rest and

manage to ride alongside the young women of their choice, and to get a
few words into their ears. If the young woman approves the ofier, she
follows her white sister’s example by referring the young man to her
parents. If the parents consent, mutual presents are exchanged, such as
horses, blankets, &o. ;

the girl is dressed in her best, and her face painted,

and the young man takes her away. A husba^pd can divorce himself

from his wife at any time if he pleases, but he has to restore the prosents
that he received with her, or their equivalent. .Girls are often betrothed
at ten years of age and married at fourteen. A betrothed girl may not
look in a man’s face until after hei* marriage. A man may not meet his

mother-in-law ; if he chance to touch her accidentally he must give her
a present. At a feast among the Blackfeebat which I was present an
impatient mother-in-law was standing without and sending messages to
the son-in-law within to make haste and leave before all the good things
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were done, so that she might come in and get her share
; but' he sent

word back that he was in no hurry. Parents do not often punish their

children, but sometimes, in a jBt of ill-temper, will beat them cruelly.

They are more cruel to their w'ives than to their children. While I was
making these notes a Sarcee woman came into the lodge with her nose
cut off ;

her husband had done it as a punishment for her keeping
company with another man.

Medicine.

The Sarcees are not considered to be* much versed in the use of medi-
cinal roots and herbs

;
they are much more ready to take the white man’s

medicine than are their neighbours, the Blackfeet.

Among themselves they depend chiefly on magic and witchcraft for

recovery from sickness. There are about a dozen so-called ‘ medicine-
men * in the camp, but most of them are women. Chief among them is

an old squaw named ‘Good Lodge.' They are always highly paid for

their services, whether the patient recovers or not. A medicine-man
when called in to see a sick person will first make a stone red-hot in the
fi^re, then touch the stone with his finger, and with the same finger press

vS.rious parts of the patient’s body, to ascertain the locality and character

of the sickness. Then he will suck the place vigorously and keep spitting

the disease (so he pretends) from bis mouth. This is accompanied by
drum-beating and shaking a rattle. The Sarcees do not bleed or cup,

but they blister (often quite efficaciously) by applying the end of a piece

of burning touchwood to the affected part. They also use the vapour-
bath. To do this a little bower, about three feet high, is made of pliable

green sticks, covered over closely with blankets. Several stones are

heated red and placed in a small hole in the ground inside the bower;
and over these the patient sits in a state of nudity and keeps putting
water on the stones, which is supplied to him by an attendant from
without. When thoroughly steamed, and almost boiled, he rushes out,

and plunges into cold water. ,This treatment sometimes effects a cure,

biit more often induces bad results and death. The vapour-bath, as
above described, is used very extensively by Indians of many different

tribes ; some, however, omit the plunge into cold water.

Burial Customs.

I had a good opportunity to investigate the burial customs of these

people. Hiding across the prairie with a young Englishman who had
spent several years in the neighbourhood, we came upon a ‘ bluff,’ or

small copse, of fir and poplar trees, covering some two pr three acres of

ground. We suspected it was a burial-ground, and, dismouting from
our horses, entered it. No sooner had we done so than we found our-

selves in the midst of the dead—the bodies wound up in blankets and
tent-cloth, like mummies, and deposited on scaffolds from six to eight

feet from the ground. Four or five of these bodies could be seen from
one point, and others became visible .as we pushed our way through the

tangled underbrush. A little baby’s body, wrapped up in cloth, was
jammed into the forked branch of a fir-tr^e about five-and-a-half feetfrom

the ground. The earth was black and boggy and the stench nauseous.

Here and there lay the bleached bones and tangled manes of ponies that

had been shot when their warrior owners died—the idea being that the

equine spirits would accompany the deceased persons to the other world,
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and make themselves useful there. Beside each body lay a handle of
earthly goods—blankets, leggings, saddles, <fcc., also cups, tin pots,

kettles, and everything that the spirit of the departed could be supposed
to want. Pursuing our explorations we came upon a ‘ dea{|[h teepee.* I

had heard of these, and had often desired to see one. It was just an
ordinary teepee, or Indian lodge, made of poles leaning from the edge of a
circle, fifteen feet or so in diameter, to a point at the top, and covered
with common tent-cloth. The stench was disgusting, and the ground
like a cesspool ; but I wanted to see all, so we effected an entrance and
examined the content^. The ofd warrior, whoever he may have been,

was wrapped up in rotting, sodden blankets, sitting with his back against

an ordinary Indian back-rest. We coujd not see his face, as the blanket

covered it, but the top of his scalp ^as visible and a great bunch of

slimy, filthy-looking eagle feathers adorned his head
;
just behind him

hung his leathern quiver, ornamented with a leathern fringe, two feet in

length and full of arrows
;
also his beaded tobacco-pouch ;

and by his side

were a tin basin, a fire-blackened tin pot with a cover, and a large bundle
of blankets, clothing, and other effects. I made a hasty Sketch of the

dismal scene i.nd then retired. We were glad to mount our horses once
more and to breathe again the fresh air of the prairie.

PHTSiCAii Development.

The Sarcees do not strike me as so fine or tall a race as the Blackfeet,

although one whose measure I here give was of about the same height as
the Blackfoot Indian, ‘ Boy Chief, ^ whom I measured last year. They
have remarkably small hands and feet. I traced on paper the hand of a
Sarcee Indian named ‘ Head above Water.’

Following is the measurement of an adult Sarcee, about thirty years
of age, named ‘ Many Shields.’

1. Height from ground to vertex*

2.

3.

6.

7.

8 .

11 .

12.

>1

99

99

9f

99

99

99

13. Height—sitting on the ground
16. Circumference of chest at armpits

.

„ „ mammas
„ 'at haunches .

Span—outstretched arms
„ thumb to middle finger

Length of thumb . . . .

.. foot . . . .

meatus auditorius

chin . .
*

.

umbilicus
fork .

knee-cap joint .

elbow (bent)
tip of finger (hanging vertically)

17.

18.

26.

27.

28.

29.

30.

31.

32.

33.

41.

Head-
99

-greatest circumference (over glabella)

arc, root of nose to inion .

„ meatus auditorius, over head
„ over glabella to meatus auditorius

length of face, root of no^e to chin .

ft.

5

5
*4

3
2
1

3
2
2
3
2
2
6
0
0
0
1

1

,1

1

0

in.

Si

3i
111

5j
8

H
i
Hi
0
Hi
Hi

2i

Hair, eyes, and skin the same as those of the Blackfoot Indian * Boy
Chief’ (see Report of 1887).

* In he measurements of the Blackfoot * Boy Chief,’ given in the Report of last

year, the < height from ground to vertex’ should have been 5 ft. 8|in., instead of
4 ft. 8f in., as printed.
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Two oi: three young Indians tried the strength of their eyesight.

They could count the prescribed dots at a distance of 28 feet.

. Language.

I cannot give as full a report of the Sarcee language as I did of the
Blackfoot, for the reason that no one, so far as I could learn, outside the
Saroco tribe has any knowledge of it. The missionary in charge had
only arrived a few weeks before, and though he knew the Blackfoot, and
through that medium could make himbelf understood by a few of the
people, he knew nothing whatever of Sarcee. We were told that it was
an exceedingly difficult language to acquire, and full of gutturals ; others

said that it had no vowels* in it', others that it was like a hen cackling.

Under these circumstances it was vain to expect to make out the gram-
matical rules of the language, but I thought I would do what I could to

collect a small vocabulary of words. A few of the people understood
Blackfoot, and some few others Cree, and through the medium of these

two languages I was able to collect the following Sarcee words and short

sentences:

—

VoCABUfiABY.

Pronounce a and <i as the first and second a in larva, e as in they,

i as in pique, i as in pick, o as in note, u as in rule, ai as in aisle, au as

ou in bough, h guttural as in ich (German), ^ (a sound found also in the

Sioux language) pronounced like the Arabic ghaiUf a ghr sound
j

te like

ch in church, fi like the French nasal n in hon»

man (or men) kattini a big man kattini ten

woman tsika' women tsikua

boy sitta boys sittamika

girl etraka
infant tsitta .

my, thy, his father ittra, nittra, mittra
my mother inna my son si|:a

thy son ni^aia Bull’s Head’s son ilgatsi mag&la
elder brother kiniga younger brother nishitla

Indians (prairie

people). tklukodissana
Indians (probably of

Tinne nation), Tinn'atte

my head sitsitsi'n. thy head nitsits'ina

Bull’s Head’s head ilgatsi mitsitsina

my eye sinna^^ my nose sitsi

my arm . s'ikanna my leg sighs

my, thy, his hand s'illa, nllla, milla

my foot sikka my heart sitsannaga

my blood sittikla town natsi^an^ikiate

chief hak'itci my friend kl6ssa

house ndtsiga a small house natsiga sitla
* teepee kauwa kettle missokdlilli

tinpot asra small ditto asra sitla

b^in tcistia axe tsllh

knife mas my knife sim'assa

thy knife nim'assa his knife maskiskia

boat • tanlkassl moccasin naka
boot kastcaga pipe [pouch 1s
tobacco katcin his tobaqpo natisgam kiskia

sun tcatra moon ina^
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Stax soh
night itlagg^

summer hatakCksi

winter s^isskahe

last winter (snow) tanats6sosdte

the wind is blowing tikan'istci

it is warm kakow'iskis

fire koh
earth nllka

lake totcu

prairie tkliika

island no
tree itci

a big tree itci tcu
•

wood ditsia

brushwood titci

meat, flesh ai'ina

horse isklih

my dog sllltsa klih
mare isklih hanimak^
ox haideklishl
buffalo hanni
a black ox haid6klishi, di'skashi
deer kuini
the black elk adidinidjg
snake natbsaga
egg i^sa
fish klfika

gun sittrdna
book djinisha
coat dilkoshl
trousers istia

shirt kitcistania
flour netsokdrssi

paper tatklishi
money diltilih

whip istiahikia
red dilgassb
white di^assiga
black dishkoshb
God (the Creator) iskluni

„ (our Father) natuninan
devil sinbmato'ikli
heaven tselarah
minister dikahatsi dikaia
soldier traskiliah
big tcu
small sitia

strong maganisis'ta
old tcanatc
it is good mbkadilli
it is not good matogfigli

tbsama
he IS dead trasitsa
this teigb
that tetegbla
all kanniltaia
many nikia
who is it ? mataganita ?

far off * kfissa

near wiltoa
hero tatigb
there niulate'

day tsitmis

spring taggana^a
autumn ha'ssini

next winter klika sdsskahe
it is snowing sosate
it is cold koskass
it is raining tcatb

water tuh
river s'iska

well or spring hat'aiiaillll

the RockyMoun-• tea
stone [tainsi tsa

a pine tree kah
a small tree itci sitia

^ log qtf wood missea
grass kutlb
dog, klih dogs, klikah
horses isklikah

my dog or horse sTl'Itsa

my mare hanimaka silltsa

cow hanimaka haideklishi
buffaloes hannlle

elk tease
rabbit nikia'tila

bird ilka^e
duck tees

pig (big dog) klika tcu
cart massbklashi
hat sitsin'itila

handkerchief sili'ssitaniga

leggings isttakok'ita

blanket tc'iyisi-tcastcide

yes a
no itsi'tawa

one agligah (klikkazab)
two aMye (akinna)
three tra&ki (traanah)
four didji (dizhna)
five kosita
six kostranni
seven tcistcidi

eight clashdbdji
nine kiakuhil^
ten kbnisnafi
eleven kli'kkumitafi
twelve akamitafl
thirteen tragimitafi
fourteen didjimitafi
fifteen wiltaiimitaii

sixteen wistafimitan
seventeen tcistimitan
eighteen clashdbdjimitafi
nineteen klikuafimitafi
twenty ak'adde
twenty-one akadde egligimitan
twenty-two „ ekamitafi
twenty-three

,, etrafikimitali
twenty-four „ edijimitafi
thirty trafite

forty plsde
fifty kositatb
sixty kbstratb
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what is that 7

yesterday
to-morrow
white man
American
I
thou
he
they ,

thou art asleep

tatdita? tata ... 7 seventy t'cistcidrnni
ilkhfi eighty clashdedjde
n^kodikdi or ckldtsi ninety klakdhidinrA
dik^halli one hundred konisndfite
mAm'Assi-nitsAnA I walk sinna nishelkh
sinni, sinna . . . thou walkest ninna kiyelkh
ninn'ila, ninna ... he walks yiyelkh
Atigan'itta, in'iila I am asleep sinna nista
kisalnd.tai he is asleep sitti

ninna nitta

Is it your knife 7.

I love him
you love him
he- loves him
I love it

I do not love it

two men
two women
one dog
the boy runs
the dog runs
the dogs run
one dog ^uns
I run
thou runnest
he runs
we
I arrive
thou
he
we
they
he rides

I smoke
you smoke
be smokes
the Blackfoot smokes
we smoke
they smoke
I smoked yesterday
I shall smoke to-morrow
he will smoke to-morrow
I will look for them to-morrow
I drive' them home
if he goes he will see you
if I go you will see me
king, big chief
go home
come in
my house is good
my horses are good
it is not good
give it to me
he gave it t;o me
€ome here
be quick
do not be afraid
1 am hungry
1 am sick
I am very eick
are you sick 7

he is not sick
he is tired

ni n&r.8sa l^h 7

sinna tsit to midisi

ninna tsit to midininni
tsitto midininni
tsitto midisi
totsitto midisi
dkiye k'attini .

ak'iye tsiktiah

klih klikazah
sittd kahilkla
klih kahilkla
klikah nilkla (?)
klih klikazah nilkla

sinha kaniskla
ninna 6kanllkla
kanilkla
eklltAnilkla

sinha nAnlshrd
ninna enAhieiM
ihiila enAnik&tiM
nAnie nAni^igAhtik (?)

kisAlnAta nAni6sAliI^ila or nanAltAltila (?)
klikadiskla
sihiisto

niniito

itotila (or does he smoke 7)

katci it6tila
.

isAit6tila

Atdtila

ilkha sihiistdte

eklAtsi sin itA isto
*

eklAtsi itA isto

eklatsi makOgidisi
naniishd
itsitlya ti istca

nitsitiya ti nistca
Akitsi nakAwa
nAtishA
kuniA
sahokdkAhilli
silitcikAkonilli

to mAkanilii
sahanAha (or tAst6a)

sahanahA
tAstlyA

.
a wht tA
to minna nldji

sitsA'Ahidso

sakdtila
tiggA sakdtila
n^AtilAlah? *

to mAkdtila
istAstca
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he is very tired

he is not tired

axe you not tired ?

where have you been ?

what is your name ?

I don’t know
I don’t understand
do you understand
I have none

tiggft ist^to^
to istastca

to stanistcaki lah ?

ast6kotci d^iya ?

tat&nis&ta ?

m&tsikonishrd.

t6 nidistci

ni ditcaki lah 7

nitow4.

Notes ojr the Language.

It will be noted in llie above vocabulary

—

1. That the first, second, and third persons of the personal pronoun
appear to be sinna^ ninna^ iniila

;
when used as possess!ves with a noun

. . . ,
ni ... f

mil .. .) and when governing a veVb (e.g., to smoke, see

vocab.),*si . . . ,
ni . . . . , i. . . . It appears, however, from the various

verbs given in the vocabulary, that (if correctly obtained) there must be
a great variation in the mode of forming the persons

;
and this, I expect,

is due to their belonging to distinct paradigms.
2. The negative appears to be to prefixed to the verb. The Blackfeet

Indians prefix mat to the verb, and follow it by ats. Ojibways prefix

kawin^ and end the verb with si. The Sioux simply use shni after the
verb. Crees prefix ndma.

3. The interrogative particle appears to be kilali^ or lah after the
verb. Blackfeet express this by hat before the verb and pa after it.

Ojibways by nd, Crees by tc% Sioux by he—all after the verb.

4. The numerals in this language are rather puzzling. There appears
to be a double set. Kositd was given me as 6 ;

yet 15 was vnltanmita^;
and 50 took again the first form, kositdte. So with 16: kostraniis 6;
wistanmitaHj 16 ;

kostrate, 60. I notice also that the word for 6 seems to

bo an extension of the word for 3, and the word for 8 an extension of the
word for 4. 10 seems to stand alone, the endings for the ‘ teens

*

being mitah^ which seems to have nothing to do with kunisndn. It

seems curious also that the * teen-ending
*
should be continued through

yie ‘ ties ' ; twenty-one would seem to be expressed in Saroee as 10+ 11

;

but this is merely a surmise of mine, and if I knew more of the language
I could probably explain these seeming irregularities. I may mention
here, in connection with this, that the Ojibways count 1 to 5 with distinct

words, then seem to begin 1, 2 again with the ending from 6 to 10.

Ojibways and Crees have almost the same words for the numbers 1 to 6,

entirely different words for 7, 8, 9, and are nearly the same again for 10
and 20.

5. The plural of the noun appears to be ika or a. There does not
appear to be any distinction made in the plural endings between animate
and inanimate objects.

6. There does not appear to be any distinction made in the first

person plural of the verb between ‘ we exclusive of the party addressed

'

and ‘ we inclusive.* In these two points (5 and 6) there is a decided
divergence from languages of the Algonkin stock, and a leaning towards
the Sionan.

7. Ittra, ninnd; it seems, mean—the first, ‘ father,* or * my father,* the
second * mother,* or ‘ my mother,’ the possessive pronoun not being used
in the first person for nouns of near relationship. This agrees ’wim the
Sioux.
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8. The adjective follows the uoun, the same as in the Sionx.
9. In the foregoing 260 words and sentences I do hot recognise one

word as similar to any word in any other Indian language with which I
am familiar. But I have never before examined any of the ‘Tinneh'
or Athabascan stock. I might, perhaps, except mnna, m . .

. ,
the second

person of the pronoun, which is analogous to ww/e, ni . , . of the Siouan
dialects.

10*. The sign of the past tense may be and of the future Ua (see

smoke in vocab.), but of this I cannot be sure.

11. The Sarcees seem to keep their *lips parted while speaking, and
the accent is generally on the last syllable of the word. The language
has rather a clicking, ‘ slishing ’

,
sound.

12. In inflecting some of the'verbs I have introduced the personal

pronouns, but I imagine their presence is not necessary except for

emphasis.

Notes hy Mr, H. Hale on the foregoing Rejport.

Mr. Wilson’s report on the Sarcees is specially valuable as being*the
only detailed account we possess of this interesting branch of the great

Tinneh or Athabascan family. Some information concerning the tribe

has been given incidentally by various writers, including Sir Alexander
Mackenzie, Umfreville, and Potitot, but no particular description of the
people has been heretofore published. It has been known merely that

they spoke a dialect of the Tinneh language, and that they lived in close

alliance with the Blackfoot tribes.

The Tinneh family, or stock, has attracted much attention from
ethnologists, partly from the peculiar character of its members and
partly from its Wide diffusion, in which respect, as Mr. H. H. Bancroft

has observed, it may be compared with the Aryan and Semitic families

ofthe Old World. It occupies the whole northern portion of the AnieTican

continent, from Hudson Bay to the Rocky Mountains, except the coasts,

which belong to the Eskimo. Tinneh tribes also possess the interior of

Alaska and British Columbia. Other scattered bands—IJmpquas,
Tlatskanais, and Kwalhioquas—are found in Oregon. The Hoopas and
some smaller tribes live in Northern California. Thence, spreading east-

ward, Tinneh tribes, under various designations—Navahoes (or Navajos),

Apaches, Lipanes, Pelones, Tontos, and others—are widely diffused over

Arizona, New Mexico, Texas, and the northern provinces of the Mexican
Republic.

The best account of the Northern Tinneh, east of the Rocky Mountains,

is found in the introductory portion of the * Dictionnaire de la langue
Dene-Dindjie ’ of the eminent missionary-philologist, the Abb4 Petitot,

who resided many years among them, and studied their languages,

customs, and traditions with much care. In his list of the tribes belonging

to this portion of the stock he makes a division styled mountaineers

(Montagnards), possessing the country on both sides of the Rocky
Mountains. The southernmost tribe pf this division, on the east side of

the mountains, is the Tsa-ttinn^, a name which he renders ‘ dwellers among
the beavers.* The name is derived from tsa^ beaver (which has various

other dialectical forms, iso, say zay and «o), and tinne (otherwise ienn^j t&nay

atenay.tunnehy dhnby dannehy dindjiBy &c,), the word for ‘man* in the

difiereut dialects. M. Petitot describes the Tsa-ttinne, or ‘Beaver

Indians,* as comprising two septs—a northern tribe, who hunt along the
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Peace River, and a southern, who dwell about the h^d-waters of the

North Saskatchewan, towards the Rocky Mountains. The latter, he says,

are the Sarcisy who have separated themselves from the northern band.

The tribal na-me of Sotenna, which Mr. Wilson obtained from the Sarcees,

is evidently a dialectical variation of M. Petitot’s Tsa-ttinn^.

It has been supposed that .the separation of the Sarcees from their

Tinneh kindred, followed by their union with the Blackfeet, was the

result of dissensions among the Tinneh tribes. But the information

obtained by Mr. Wilson shows that this idea was not well founded. The
separation is now ascribed by the Sarcees to a superstitious panic, but
very probably resulted meiely from the natural desire of their forefathers

to find a better country and* climate. T^eir southward advance brought
them in contact with ' the Blackfeet, v/itli whom they confederated, not
against their Tinneh kindred, as had been supposed, but against the Crees,

who have from time immemorial been the common enemies of the Tinneh
and Blackfoot tribes.

The legend of the deluge, which Mr. Wilson obtained, is given by
M. Petitot in a slightly different form, which on some accounts is worthy
of notice. In early times, we are told, there was a ‘ deluge of snow *

in

September. This was changed to a flood of water by the act of ‘ the

mouse,* an important character in the mythology of some of the Tinneh
tribes, being regarded as * the symbol or genius of death.* He pierced

the skin-bag in which ‘ the heat ’ was contained, and the snow was forth-

with melted. The flood quickly rose above the mountains and drowned
the whole human race except one old man, who had foreseen the
catastrophe and had vainly warned his neighbours. He had made for.

himself a large canoe, in which ho floated, gathering on it all the animals
he met. After a time he ordered several of these animals to dive and
seek for earth. These were the beaver, the otter, the musk-rat, and the
arctic duck. According to this version of the story, it was neither the
beaver nor the musk-rat that brought up the earth, but the duck. This
morsel of earth was extended by the breath of the old man, who blew
upon it until it became an immense island, on which he placed succes-
sively, during six days, all the animals, and finally disembarked himself.

This story is evidently made up from various sources. The skin-bag
pf heat bitten through by the mouse seems to be a genuine Tinneh
invention. The diving of the animals, with the formation of the new
earth, is a well-known creation myth of the Algonkin and Iroquois tribes

;

and the * six days ’ are probably a late addition derived from the
missionary teachings. An inquirer among the Indian tribes is constantly
coming across such composite myths, wHch require careful study and
analysis.

Other observers agree with Mr. Wilson in regarding the Northern
Tinneh tribes as inferior in intelligence to the neighbouring Indians of
other stocks. This is doubtless a just view. The inferiority, however,
would seem to be not from any natural deficiency, but rather the result
of the very unfavourable conditions under which the former are con-
demned to live. Not much can be expected from bands of widely
scattered nomads, often famine-stricken, wandering over a barren region,
under inclement skies. In better surroundings their good natural
endowments become apparent. The Hoopas of California display much
intelligence and energy. Mr. Stephen Powers, in his account of the
* Tribes of California,* published by the American Bureau of Ethnology,
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speaks of the Hoopas with mach admiration, and styles them ^the
ii^mans of Korthern California ’

;
he states that they had reduced most

of the surrounding tribes to a condition of semi-vassalage. Mr. J. P.
Dunn, an able and experienced writer, in his recent work, * l^he Massacres
of the Mountains,’ describes the Kavahoes as the most interesting of all

the wes,tern tribes. They are a peaceful, pastoral, and agricultural people,

remarkable for their industry and for their ingenuity in various manu-
factures. Their women weave excellent blankets, which, he says, * have
been the wonder and admiration of civilised people for many years. They
are very thick, and so closely woven that a first-class one is practically

water-tight, requiring five or six hours to be soaked through.’ They
make pottery, and ‘ have numerous silversmiths, who work cunningly in

that metal.’ Their women are w^^l treated, are consulted in all bargains,

ataid hold their own property independently. In 1884 the tribe numbered
17,000 souls, cultivated 15,000 acres of land, raised 220,000 bushels of

maize and 21,000 bushels of wheat ;
they had 35,000 horses and 1,000,000

sheep. It has seemed proper to mention these facts as evidence that

the Indians who inhabit so large a portion of British America, and whose
descendants are probably destined to hold much of it permanently, belong
to a stock which, under favouring circumstances, displays a good aptitude

for civilisation.

M. Petitot, it should be observed, speaks of the Sarcee language as

forming a connecting link between the languages of the northern and
southern Tinneh tribes. Mr. Wilson’s vocabulary, though taken under
many disadvantages, will doubtless be found extensive enough to afford

useful data to philologists in classifying the idioms of this important family.

The Committee ask for reappointment, with a renewal of the grant.

RepoH of the Corresponding Societies Committee, consisting of Mr.
Francis GAlton (Chairman), Professor A. W. Williaj^on, Sir

Douglas Galton, Professor Boyd Dawkins, Sir RawSon Sawson,
Dr. J. G. Garson, Dr. J. Evans, Mr. J. Hopkinson, Professor R.
Meldola (Secretary), Mr. W. Whitaker, Mr. G. J. Symons,
General Pitt-Rivers, Mr. W. Topley, Mr. H. G. Fordham, and
Mr. William White.

The Corresponding Societies Committee of the British Association beg
to report to the General Committee that the Conferences of Delegates

were held on Thursday, September 1, and Tuesday, September 6, 1887,

at 3.30 P.M., in the Court Room of Owens College.

The following Delegates were nominated for the Manchester meeting :

—

Mr. Thomas Lister . . . Barnsley Naturalists’ Society.

' Rev. H. H. Winwood, M.A., F.G.S. Bath Natural History arid Antiquarian
Field Club.

Mr. William Gray, M.B.I.A. . . Belfast Naturalists* Field Club.

Mr. W. P. Marshall, M.Inst.C.B. . Birmingham Natural History and Micror
soopical Society.

Rev. H. W. Crosskey, LL.D., F.G.S. Birmingham Philosophical Society.
"

Mr. Sydney Young, D.Sc. . . Bristol Naturalists’ Society.

Mr. Horace Brown, F.G.S., F.C.S. . Burton-on-Trent Natural History and
Arohseological Society.
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Mr. Alfred O. Walker, F.L.S. . Chester Society of Naturafl Science.

Rev. J. M. Mello, M.A., F.G.S. . Chesterfield and Midland Counties Insti*

tution of Engineers. .

Mr. T. Cushing .... Croydon Microscopical and Natural His
tory Society.

, Mr. J. G. Goodchild, F.G.S. . . Cumberland and Westmorland Associa-
tion for the Advancement of Literature
and Science.

Mr. A. S. Reid, M.A., F.G.S. . . East Kent Natural History Society.

Mr. Ralph Richardson, F.R.S.B. . Edinburgh Geological Society.

Prof. R. Meldola, F.R.S., F.G.S. . Essex Field Club.

Mr. D. Corse Glen, C.Ej, F.G.S. .* Glasgow Geological Society ; Glasgow
Natural History Society.

Mr. W. C. Crawford, M.A. •. . Glasgow Philosophical Society.

Mr. H. George Fordham, F.G.S. . HertLOfdshire Natural History Society
and‘Field Club.

Dr. Ogilvie Grant .... Inverness Scientific Society and Field
Club.

Mr. A. W. Moore, M.A., J.P. . . Isle of Man Natural History and Anti-
quarian Society.

Mr. F. T. Mott, F.R.G.S. . . Leicester Literary and Philosophical
Society.

Mr. R. L. Tapscott . . , Liverpool Engineering Society.

Mr. G. H. Morton, F.G.S. . . Liverpool Geological Society.

Mr. Eli Sowerbutts . . . Manchester Geographical Society.

Mr. Mark Stirrup, F.G.S. . . Manchester Geological Society.

Mr. Henry Wilson, M.A. . . Midland Union of Natural History
Societies.

Prof. G. A. Lebour, M.A., F.G.S. . Northof England Institute of Mining and
Mechanical Engineers.

Mr. J. T. Arlidge, A.M., M.D. . North Staffordshire Naturalists* Field
Club and Archaeological Society.

l^fr. Matthew Blair, F.G.S. . . Paisley Philosophical Institution.

Mr. Robert Pullar, F.R.S.E. . . Perthshire Society of Natural Science.
Mr. Hugh R. Mill, D.Sc., F.R.S.E. Royal Scottish Geographical Society.
Mr. J. W. Davis, F.G.S. . . . Yorkshire Geological Society.

Mr. C. P. Hobkirk, F.L.S. . . Yorkshire Naturalists’ Union.
*

At the first meeting of the Conference the chair was taken bY
Professor W. *Boyd Dawkins, F.R.S. ; the Corresponding Societies Com-
mittee being represented by Dr. J. G. Garson and Professor R. Meldola,
F.R.S., Secretary.

The Secretary read the Report of the Corresponding Societies Com-
mittee which had been presented to the General Committee of the
Association at the meeting on Wednesday, August 31.*

The Chairman called upon the Delegates to make any statements re-

specting the action that had been taken by their Societies with reference
to the suggestions put forward last year, and which had been embodied
in the Report just read.

Prehistoric Remains Committee. J. W. Davis stated, that this
Committee had been carrying on its work during the past year, and pro-
posed to apply for reappointment. Two reports had been obtained relating
to the bronze implements of the East and West Ridings of Yorkshire,
and several others had been promised.*

Preservation of Stonehenge.—Dr. Garson stated that the resolution
which had been submitted last year to the Delegates at the Birmingham
Conference * had been considered by the Committee of Section H, and
having been adopted by it, had been brought before the General Com-

* Report for 1887, p. 466,
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mittee and accepted. He believed that in consequence of this action
negotiations were now going on between the Council of the British Asso-
ciation and the proprietor of these remains.^

Professor Boyd Dawkins remarked that the state of neglect into which
Stonehenge had been allowed to fall had by no means been overstated in
the resolution referred to. A person had recently been seen on a ladder
chipping ojBT pieces from the horizontal stone of one of the trilithons.

Ancient Monuments Act.—Dr. Garson pointed out that the local Socie-
ties conld do good service by inducing'

, the proprietors of prehistoric
remains to communicate with General Pitfc-Rivei*s, the Inspector of
Ancient Monuments, with the object of placing these remains under
Government protection. The Ghui^rnian urged those Delegates who re-

presented the Northern and especially the Scotch Societies to use their
influence in inducing the owners of ancient remains to assist in carrying
out the objects of the Act. In reply to a question by Mr. F. T. Mott, as
to whether camps and earthworks were to be taken into consideration,

ho did not think that any Government could be expected to become a
landowner to the extent of all the earthworks in the country.

Provincial Museums Committee.—Mr. F. T. Mott stated that this Com-
mittee had been engaged during the past year in collecting particulars

respecting museums other than those in London. Considerable assist-

p.nce had been given by the Secretaries of many of the local Societies.

Professor Boyd Dawkins stated that the schedule issued by this Com-
mittee was a very difficult one to fill up, and he- expressed a hope that
something shorter and simpler would be sent out. The Rev. H. Winwood
expressed similar views.

Earth Tremors .—Professor Lebour stated that this subject, which he
had brought forward at the Conference of Delegates last year at Birming-
ham, had since taken a more practical shape, and that it now seemed to

be time that a Committee of the British Association should be formed
for taking the investigation in hand. Through the advocacy pf Mr.
Symons, who was unable to be present, at the Conference, Sections A
and G had agreed to recommend the appointment of such a Committee
in conjunction with Section C. The work to be done was of a pre-

liminary character, and its object was rather to inquire into the best

methods of conducting observations on Earth-Tremors than to actually

cause such observations to bo made. The North of England Institute of
Mining and Mechanical Engineers had, since the Birmingham meeting,
carried on a series of seismoscopic observations at Marsden in the county
cf Durham, and the daily results, extending over several months and
compared with a barometric curve, were shown to the meeting in the

form of a diagram by Mr. Walton Brown, the Secretary of the Newcastle
Institute Committee. The Institute possessed also a more elaborate

instrument, made after a pattern supplied by Professor Ewing, which
registered the intensity and direction of the tremors. He stated that,

al^ough such instruments as the last pq.entioned were probably too costly

to be placed at all desirable stations, this would not be the case with the

eim.|>ler seismoscope, which recorded merely the fact of earth-tremors
luiving taken place and the time of their occurrence. Such records

would be valuable though limited. The Corresponding Societies, if they

would interest themselves in the matter, might be the means of esteblish-

i * Beport for 1887, p. Ixxv.
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iog a great network of seismoscopes with a few seismographs in suitable

localities, and results of value would by this means be, in ^1 probability,

obtaiiied. These results would be valuable in proportion as well-equipped
seismometrical observing stations were numerous. The expense must in
any case be considerable in the aggregate, but need not be great in in-

dividual cases. A sujBBciently good seismoscope might be had for about
2Z., a seismograph for 14Z. to 16Z., and the cost of keeping them in order
would not be great. He hoped the Delegates present would help in estab-
lishing such a network of observing stations all over the country, and
he would be happy to*communicate with anyone interested in the subject.

Professor Ewing, in response to the Chairman, said that from his ex-
perience of earth-tremor observationSt,*in Japan lae could concur in the
remarks of Professor Lebour. To investigate fully the character of the
motion, even at one station, required delicate and costly apparatus, and
the cost was greatly increased when it was attempted to bring a number
of stations into correspondence so as to determine the motion over a large
area. It was possible, however, to record the fact that a tremor had
occurred, and even to learn something of its character by means of in-

expensive seismoscopes
; and it certainly seemed to him that no bodies

could more appropriately undertake that work than the local Societies
represented at the Conference acting in conjunction with a Committee
of the Association. From recent observations it appeared probable that
tremors would be found wherever they were tested for with sufficient
delicacy, so that a Society undertaking the search was not likely to be
disappointed.

At the second Conference the chair was taken by Professor Boyd
Dawkins, F.R.S., who was succeeded by Mr. W. Topley, P.G.S., the
Corresponding Societies Committee being further represented by Mr.
G. J. Symons, F.R.S., Dr. Garson, Mr. William White, and Professor R.
Meldola, F.R.S., Secretary.

. The Chairman invited discussion on the recommendations received
from the various Sections.

Section A.

Temperature Variation in LaJceSf JRiverSy and Estuarie8,~The following
resolution was forwarded to the Secretary of the Conference by the
Secretaiy of this Section :

—

‘That Mr. John Murray, Professor Chrystal, Dr. A. Buchan, Rev.
C. J. Steward, Hon. R. Abercromby, Mr. J. Y. Buchanan, Mr. David
Cunningham, Mr. Isaac Roberts, Dr. H. R. Mill, and Professor Fitz-
gerald be appointed a Committee to arrange for an investigation of the
seasonal variations of temperature in lakes, rivers, and estuaries in
various parts of the United Kingdom in co-operation with the local
Societies represented at the Association

; and that Mr. John Murray be
Secretary.*

^

Dr. H. R. Mill, as representing this Committee, stated that the
question proposed had not been fully worked out, but that the few
observations made showed relations of a very interesting kind. As a
branch of meteorology, this research was particularly promising, and was
one in which the co-operation of local Societies would be valuable. He
proposed that the Societies situated in the neighbourhood of rivers and
estuaries which were willing to undertake this work should appoint some
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member to observe the temperature daily or weekly, as the case might be,

in accordance with the rules to be drawn up by the Committee. It was
first proposed to ascertain how many observers would offer themselves in
various parts of the country, then to draw up a scheme of observations

and arrange for this being adopted.

Mr. G. J. Symons pointed out the necessity in such observations for

having a well-considered scheme drawn up, as well as for having
absolutely reliable thermometers, without which no observations would
,be of value. He also asked whether it v^as proposed that the cost of the
instruments should be met by a grant from the British Association, or
whether the Societies taking part in the observations should provide their

own thermometers.
Mr. De Bance remarked that in the case of the Committee which had

been formed for the observation of underground temperatures, and of
which Professor Lehycur was a member, the thermometers had been
supplied by the Association.

Mr. J. W. Davis raised the question as to whether it would be of use
to extend the observations to the streams in manufacturing districts. He
also asked what the Committee proposed to consider as an estuary.

The Rev. H. Winwood remarked that it would be necessary in all

cases to record the depth at which the thermometer-reading was taken.

As a point of interest bearing upon the proposed observations, he stated

that it had been observed that the temperature of the lakes in the
Hebrides had been unusually high this year.

Professor Lebour stated that the thermometers used by the Under-
ground Temperature Committee had been supplied by the Association,

but these instruments were very costly, and only a few observers had
taken part in the work. He was of opinion that if numerous Societies

took part in the observations, these should in each case bear the expense.
Dr. Garson expressed a hope that the temperatures would be recorded

on the Centigrade scale.

Dr. Mill, in reply, said that he understood that the fact of the investi-

gation being sanctioned by a Committee of Section A was a sufficient

guarantee that it should be carried out in a thoroughly scientific manner
with properly verified instruments of a uniform pattern, and employed in

the same way. The experience of the Scottish Marine Station for three

years suggested many precautions which should be adopted in this work.
The temperature of streams in manufacturing districts should certainly be
Moertained in as many cases as possible, in order to find whether the
increase of temperature of a river passing through a manufacturing town
is in any, sense permanent. The term ‘ estuary * should, in his opinion, be
used as meaning all parts of a tidal river between the upper limit of the

tide and the open sea. Each local Society should be asked to supply its

own thermometers, but all these should be verified at Kew, or compared
by some person appointed by the Committee. The observations would,
of course, be made on a uniform plan, and it would, probably, be found
mere convenient to use the Fahrenheit than the Centigrade scale, but
the readings could be easily converted, if necessary.

Earth Tremor Committee—See under Section C.

Section B.,
' j

No recommendations forwarded or suggestions made.
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Section 0.

Mr. C. E. De Ranee, who represented this Section, referred to the

work of the three Committees which he had brought under the notice of

the Delegates on former occasions, viz.
: (1) The Underground Water

Committee; (2) The Erratic Blocks Committee; and (3) The Sea Coasts

Erosion Committee.'

The first of these Committees requires information as to the depth of

wellSy the sections passed through, the height at which the water stands

before and after pumping, daily records of the height and chemical

analyses of the waters. *
^

The Erratic Blochs Committee wanto information as to the position,

size, and character of boulders of foreign origin that may occur in drift,

covered areas, and is anxious that the position of the same should be
noted on the one-inch map of the Ordnance Survey.*

The Sea-Goasts Erosion Committee, like the other two Committees, has
a printed form of inquiry, which can be obtained on application to Mr.
Topley.

With reference to the work of this last Committee, Mr. Topley stated

that but little assistance had as yet been received from the local Societies.

The Natural History Society of the Isle of Man had undertaken to collect

information; and all similar Societies in maritime counties might greatly

assist the Committee by local observation as to present changes, and by
researches as to past conditions of the coast.

With respect to the work of the Erratic Blocks Committee, Professor

Meldola said that he had been authorised to state on behalf of the Man-
chester Geological Society that several members of that Society had been
interesting themselves ip the distribution of boulders in their district, and
it was expected that their results would be available by the next meet-
ing of the Association. It was also mentioned that Mr. Adamson had
been rendering assistance to this Committee on behalf of the Yorkshire
Naturalists’ Union.

Mr. Ralph Richardson, as the representative of the Edinburgh Geolo-
gical Society, pointed out that Scotland had been omitted from the
localities dealt with by the Erratic Blocks Committee. He stated that
much work in this field had already been carried out under the auspices
of the Royal Society of Edinburgh, and he hoped the Committee would
be able to utilise their results.

Earth~Tremor Committee,—Professor Lebour stated that since the last

meeting of the Conference the formation of a joint committee by Sections
A, C, and G had been agreed to, and the resolution forwarded to the
Committee of Recommendations. The resolution was the following :

—

* That Sir F. J. Bramwell, Mr. E. A. Cowper, Mr, G. J. Symons,
Professor G. H. Darwin, Professor Ewing, Mr. Isaac Roberts, Mr. Thomas
Gh?ay, Dr. John Evans, Professor Lebour, Professor Prestwich, Professor

Hull, Professor Meldola, and Professer Judd be a Committee for the pur.

pose of considering the advisability and possibility of establishing in other
parts of the country observations upon the prevalence of earth-tremors,

similar to those now being made in Durham in connection with coal-mine
explosions, and that Professor G. A. Lebour be the Secretary.’

Mr. De Banco remarked that the proposed observations might possibly

• Beport for 1887, p. 462.
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tinder certain circumstances become connected with the work of the Un-
derground Water Committee. Thus the Essex earthquake of April 22,

1884, had caused a rise in the level of the water in Messrs. Courtauld’s

well at Booking, which had reached its maximum in June of the same
year. Since then the level had been gradually falling, and at its prei^nt

rate it might be expected that tbe water would be at the same level as it

. was before the earthquake about next August.

Section D.

Life Histories of Plants.—I^rofessor Meldola said that during a recent
visit to Oxford he had had an opportunity of hearing a suggestion in the
course of a conversation with Professor Bayley Balfour, which had appeared
to him as likely to be of use to the members of local Societies. He bad
therefore invited Professor Balfour to attend the Conference and explain

his views on the suggested subject, but as that gentleman was prevented
from being present he had forwarded the following communication :

—

‘ It appears to me that much good scientific work might be done by
‘members of local Societies in a direction which has not attracted so much
attention in Great Britain as it deserves. The discovery and description

of new forms, and the distribution of our indigenous plants is in Botany
the line upon which most of the energies of local Societies are principally

spent, whilst habit, construction, and generally the features of life-history

of plants come in for attention in quite a seconda,ry way. This arises, I

think, in great part from the prevalent notion that the facts of the life-

history of our common plants are all well known, and that there is little,

if anything, more to find out about them. That this is an erroneous idea

may easily be shown—witness, for example, the interesting observations

recently published by Sir John Lubbock—^and there is a field for a great

deal of sound work upon plants growing at our doors.
* Within recent years Mr. Darwin’s work, followed up by that of such

men as Hermann Muller, Kerner, Ogle, and others, has given a stimulus

to observations of adaptations between the vegetable and animal kingdoms
in connection with pollination in flowers

;
and many interesting facts about

British plants have been brought to light by workers in local Societies.

But little has been done for the subject of the vegetative organs of these

plants—I mean the arrangement, true nature, and structure of the mem-
bers that carry on plant-life. In Germany many years ago Wydler and
Irmisch published a splendid series of contributions to the knowledge of

these features in indigenous German plants—why has this not been done
for Britain ?

‘Now I venture to think that good results would follow if you would
bring before the Delegates at the meeting to-day the importance of en-

couraging the members of their Societies to study the life-histories of

indigenous plants in their entirety, i.e., from the stage of embryo in the

seed up to the production of fruit and seed again. Anyone who will take

up this line, of study will assuredly dtrive great pleasure from it, and will

be able to add a great deal to the sum of our knowledge of plant-life.

Such work can be well combined with the more usual systematic work,
it can be easily accomplished, and it will be found to give much additional

interest to the study of British Botany.*

Mr. 0. P. Hobkirk considered that Professor Balfour’s letter was a

very important one, and that, as therein suggested, the time and energies



262 KEPOIIT

—

1888.

of the members of local Societies would be far more usefully employed

following the lines indicated by Professor Balfour than, as at present, in

simply collecting, naming, and registering local plants. As far as he was
concerned, he was prepared personally, and also on behalf of ,the Yorkshire”

Naturalists’ Union which he represented, to do everything in his power
to assist in carrying out practically Professor Balfour’s most useful ]^ro-

position. Although the compilation of local floras was most useful and
necessary work, yet the actual life-history of individual forms was how of

really paramount importance, and meml^ers of local Societies should be

urgently requested to carry on fhis work without delay.

•

Sections Kh.nd P.

No recommendations forwarded or suggestions made.

Section G.

Earth-Tremor Committee,—See -under Section C.

Section H.

Ancient Monuments Act .—The Secretary read the following communi-
cation from General Pitt-Rivers :

—

‘ I am much afraid I shall not be able to be present at the meeting of

Delegates of local Societies on Tuesday
;
but the subject is so important

for the preservation of these monuments that, in case I am not there, I
write in order that you may know what my view of the matter is.

* Perhaps I cannot do better than state in a few words what the work
of the Inspector of Ancient Monuments is, and you will then sec^what
kind of progress is likely to be made without some assistance such as has
been proposed,* and in what way the assistance of local Societies can be
given.

‘ You are probably aware that, in the original Act of 1882, fifty ancient
monuments in Great Britain were scheduled as monuments to which the
Act could apply at once if the owners were willing. Some persons sup-
pose that by scheduling these monuments they were actually placed under
the Act, but this is not the case. The scheduling was done without the
knowledge or consent of the owners, and their consent had to be obtained
both for these and for every other monument that has been since added
to the list. This has entailed the examination and survey of all these
monuments which are distributed over England, Scotland, and Wales.
The addresses of the owners had to be obtained, and this could only be
done on the spot. After that the owners had to be visited personally, for
I soon found an official letter, without a verbal explanation, almost invari-
ably produced a refusal. On this account I have of late found it advisable
never to approach an owner without a personal introduction, or without
doing it in such a way as to induce aim to consider the matter favourably.
This mode of procedure for the whole country has, of course, taken a long
time, and the result has been that 'about half of these fifty monuments
have been voluntarily put under the Act by their owners, and of the

> This refers to the work of the Prehistoric Bemains Committee of the British
Association.
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remainder some of the proprietors have refused, whilst in the case of
others it lias been found impracticable owing to peculiarities in the owner,
ship. All the monuments have, however, been carefully surveyed, planned,
and drawn, and in every case in which there has beenarefusahthe owners
have stated their intention of taking good care of the monuments them>
selves. In one case only a camp has been partly damaged, and this owing
to mining operations involving a question of a large sum of money which
made it impossible for the Government to interfere. .Other non-scheduled
monuments have since .been added to the list, and the number is steadily

but not rapidly increasing. /

* The Government makes no allowance for an assistant, not even s#
much as a man to hold the end of the tape in measuring, without which
no proper survey of the monumefrts can be made, and I have to employ
a private assistant, whom I take about with me at my own cost. With
his assistance, and by dividing tl^e work with him—I making the necessaiy
notes and measurements while he is drawing—each monument takes on an
average about one day

;
without an assistant the time would be about

doubled. After this the owner has to be visited, and as he generally
lives at a distance from the monument, this frequently takes another day
or more. A great deal of this time might be saved by the assistance of
persons living in the localities, and with better chance of success.

‘ I issued a circular to a number of local Societies inviting them to co-

operate, but few responded. One instance, however, shows what may be
done in this way. Sir Herbert Maxwell has not only sent me the
addresses of several owners in Wigtonshire and Kirkcudbrightshire, but,

by using his influence with these, has been the means of placing several

monuments under the Act. I would suggest that the same course might
well be followed by others.

‘ The recommendation I would make is this :—Local Societies should

(1) report to me what monuments in their district they think lyorthy of
being * put under the Act; (2) they should send me the names and
addresses of the owners; (3) they should communicate with the owners,
and, if possible, obtain, their consent to have the monuments placed under
the Act, subject, of course, to their subsequent acceptance by the Office of

Works ;
and (4) they should report to me any damage that they find

being done or contemplated either to .the monuments under the Act, or to

others not so protected. With such assistance I think that much more
rapid progress may be made.*

Prehistoric Remains Gommittee.—Mr. J. W. Davis stated that this

Committee had been recommended for reappointment by the Committee
of Section H. The recommendation is as follows :

—
‘ That Sir John

Lubbock, Dr. John Evans, Professor Boyd Dawkins, Dr. R. Munro,
Mr. Pengelly, Dr. Hicks, Mr. J. W. Davis, Professor Meldola, and Dr.
Muirhead be reappointed a Gommittee for the purpose of ascertaining

and recording the localities in the British Islands in which evidences of

the existence of prehistoric inhabitants of the country are found; and
that Mr. J. W. Davis be.the Secret?ry.*

Professor Lebour suggested that it would be convenient if, ih register-

ing prehistoric remains, the Committee would adopt a uniform scheme of

signs—if possible an international one.

Mr, William Gray stated that the work of registering ancient remains
iiad been carried on for 25 or 30 years by members of his Society

(Belfast Haturalists’ Field Club) and others in Ireland, and they had
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long felt the want of some central organisation snch as that of the

present Committee. He also alluded to the necessity for a uniform

system of signs.

Mr. William White remarked upon the difficulty which private

individuals often experienced in approaching the proprietors of ancient

remains, and pointed out that individual efforts would be likely to be

more successful if members of local Societies could make overtures

backed up by the sanction of a British Association Committee such aa
the present one.

Status of the Conference of Delegates.
c

At the Manchester meeting of the Association an important resolu-

tion was framed at the instigation of Sir Douglas Galton with the object

of conferring additional powers upon the’ Conference. According to the

former rules the Delegates had no power of submitting resolutions or
recommendations to the Committee of Recommendations, but the resolu-

tion referred to is calculated to give them the necessary power, and thus

to put the Conference on the same footing as the Sectional Committees.
The resolution in question was passed last year, on the motion of the

Secretary of the Corresponding Societies Committee, by the Committees
of Sections B and C, and had been accepted in due form by the Com-
mittee of Recommendations and by the General Committee, so that it is

now a rule of the Association. The resolution is as follows :

—

* That the Conference of Delegates of Corresponding Societies bo
empowered to send recommendations to the Committee of Recommenda-
tions for their consideration, and for report to the General Committee.*

Nomination of Delegates.—At the Conference of Delegates held last

year the Secretary of the Corresponding Societies Committee stated that

some of the local Societies had nominated delegates to attend the
Manchester meeting without having previously submitted any claim for

admission as Corresponding Societies. This probably arose from a mis-
understanding of the rules, and the Corresponding Societies Committee
has to point out that such Delegates cannot be officially recognised by the
Association, as it is only those Societies which have been admitted ae
Corresponding Societies, and which . are still on the list, that are thua
entitled to be officially represented. According to the Mules no Society can
he admitted without first sending in a formal application^ accompanied by a
specimen of its publications ; this application would he considered by the

Corresponding Societies Committee^ and only in the event of the Society being

recomrnended for election by this Oommittecy and this recommendation being

confirrded by the General Gommitteej would it he admitted to the privileges!

of a Corresponding Society.

The Corresponding Societies Committee recommends that all the
Societies on last year’s list should be retained, and that the Belfast

Natural History and Philosophical Society, the Leeds Geological Asso-
ciation, and the Nottingham Naturalists’ Society should be enrolled as
Corresponding Societies.
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Second Report of the Committee^ consisting of Sir John LuBjocK,
Dr. John Evans, Professor Boyd Dawkins, Dr. Eobert Munro,
Mr. Pengelly, Dr. Henry Hicks, Professor Meldola, Dr.

Muirheao, arid Mr. James W. Davis, appointed for the pur-
pose of ascertai/ni/rig and recording the localities in the British

Islands in which evidences of ,the existence of Prehistoric

Inhabitants of the country are found, (Brawn up by James
W. Davis.)

In the report presented last year it was proposed that distinctive signs

should be adopted to indicate the cnaracter of prehistoric objects on
maps. This subject has had careful attention and it is recommended :

—

I. That the one-inch ordnance survey map may be used.

II. That the signs and colours adopted by the Commission appointed
by the International Congress of Anthropologists and Archaeologists at
Stockholm in 1874 be employed. The Commission ^consisted of repre-

sentatives of eleven European countries ; the one for Great Britain was
Dr. John Evans. The subject received long and serious discussion, and
the results have been generally accepted

;
they are tabulated at con-

siderable length in the ‘ Comptes Rendus du Congres,* vol. ii. p. 937 et

seq. 1876. For the purposes of this committee the signs given below will

probably suffice ;
should more specialised signs be required the recorder

may be referred to the ‘ Comptes Rendus.’

1. Caves and caverns • •
• Q

2. Camps and earthworks
• O

3. Lake-dwellings and crannoges . irm

4. Menhirs .....
Dolmens ..... .

. ,
7-T

5. Barrows or tumuli » • «

1

Other burial-places

To which may be added :—
6. Kjokkenmodding . . .

^
The different ages of the objects may be indicated by colour if

the objects are extended over considerable areas; or, by signs if the

objects are single, or too limited in area to be represented by colour.

1888. V
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Thus:—
*

1. PalsBolithic stone age

t 2. Neolithic stone age

3. Bronze age .

Colour. Signs.

. Yellow-brown ["

,

. Green f

. Bed ¥

4. Iron age ..... Blue Cp,

It may be noted that the more rudimentary state of civilisation is

represented by the simplest signl and as the civilisation becomes developed

the sign becomes more con^plex.

A combination of the signs indicating age may be made with those

given previously which show the character of the object.

During the past year a list of prehistoric objects found in Derbyshire
has been compiled and is appended herewith. Others are in course of

preparation and will be available for future reports. In addition to the
names of gentlemen who have undertaken to record the occurrence of

objects in the localities also indicated which were printed in the report of

last year, the following have signified their intention to furnish material

for the purposes of'the Committee, viz. :

—

M. G. Stuart, Esq., Hon. Secretary of the Dorset Natural History
and Antiquarian Field Club, for the county of Dorset.

Henry Wilson, Esq., Malvern Link, for the counties of Worcester and
Herefordshire.

William Gray, Esq., of Belfast, for the counties of Antrim and
Down.

George H. Parke, Esq., of Fnmess Abbey, for North Lancashire and
Westmoreland.

On the Prehistoric Inhahitaiits of Great Britain.

DERBYSHIRE.
Iteem'der,—Rev. J. Magens Mello, M.A., F.G.S., local secretary for

Soc. Antiq., Lond.

Table I.—PalcBolithic Age.

Caves.

Derbyshire,

Previous
Description

Where
Deposited

Soc., vols. for
1875, 6, 7, 9.

Papers by
Rev. J. Id.

Mello and
Prof. W. B.
Dawkins

* Les Grottes
de Creswell ’

Anuales dc la Owens College
^ Soc. Scienti-
liquedeBrux-
elles, 1882

fVict. Univ.)
Museum, Man-
chester

‘ Palteolithic Derby Museum
Man at Cres-
well,’ Derby-
shire. ‘Arch,
and Nat. Hist.
Soc. Ti'ans.’
vol. i.

Nottingham
Natural His-
tory Museum

Sheffield Public
Museum

Remarks

The Quartsite
and Flint
implements
were associ-
ated with
the Pleisto-
cene fauns
Plgd.‘Q.J.G.
8.’ 1878, p.
250, fig. 4.

» flg. 8.

„ flg.4,p.251.

Figd. * GeoU
of Derby-
shire,’ piste
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Table I.—Palasolithio Age. CAyES—oontimied.

No. find Name of Object Locality Date Previous
Description

Where
Deposit Remarks

No. 6. Quartzite flake . Robin Hood
Cave

^ If ff • |>

8. Ironstone oval im> „
plement

9. Ironstone kflohe . „

13 Quartzite choppers
34 „ ham-

mers
48 Quartzite round

pebbles -

684 Quartzite worked
pebbles and chips

8 Quartzite scrapers
or flakes

. 1 Oval ironstone im-
plement

b. Flint Implements—
No. 1. Lanceolate flake .

3. Lance head .

8. Pointed flake bevel
edged

4. Pointed flake bevel
edged

Boring tool .

Long knife-like
flake

Long knife-like
flake

420 Flint flakes .

30 „ scrapers .

1 „ double scra-

pers
6 Lanceolate flakes

.

8 Oval „ .

10 Bevel edged „ .

8 Cores .

1 Awl or borer.
396 Chips .

Fragments of red
ochre

Piece of amber .

Charcoal

a Bene Implementa—
44 Pointed antler tips

No. 1. Arrow head or
piercer

9. Arrow headof ant-
ler

8. Bone awl

4. Incised bone

.

1

1876 Report of the Rev. J. M.
to Assoc. Fran- Hello's Collec-
1879 c^ise, 1887 tion

Handbook to
„ the Geol. of „ „
„ Derbyshire by „

Rev. M.
Hello

[

» ‘The Creswell
,, „

Caves,’ Geol.
and Polyt.
Soc. West
Riding of
Yorks, 1880

»» »»

»» ft

tf n

Figd. ‘ An-
nales de la
Soc. So.
Brux.’ flg. 6.

,t flg. 8.

‘Q. J. G. 8.*

1876, p. 251,
fig. 6.

‘ Aunales* fig.

9, River gra-
vel type. ‘ Q.
J. G. 8.’ 1877,
p. 693.

Worked on
both sides

„ both these
are figd. ‘Q.
J.G.S.’1876,
p. 262. Also
‘Anuales de
la Soc. So.
Brux.’ figs. 1,

2, and plate 1
‘ Geol. of
Derbyshire *

li ‘Q; J. G. p.’

1876, p. 263,
figs. 9, 10

‘ Annale8,’flg.

8,

4

li „ tigs. 'll, 5
3 ‘Geol. Derb.*

figd. plate 1

Made of a
plate ofMam-
moth tooth
Figd. ‘Q. J.

G.S.*1876,p.
260, flg. 1

Made from
Meta-carpel
of reindeer
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Table I.—Pal.®olithio Aob. CAyi&s.^cotitinwd.

No. and Name of Objoob
i

Looality Date
Previous

Description
Where

Deposited
Length Remarks

In.

6. Engraved bone . Robin Hood 1875 ‘The Creswell British Museum 3 Figure of head
Cave to Caves,’ Geol. and fore-

1879 and Polyt. quar^rs of a
Soc. West hone, unique
Riding of specimen
Yorks. 1888. from Great

«

!

1

1

•

f Britain.
FIgd. ‘Q. J.

G.S.’1877,p.
592, flg. 1.

‘Annales,’
flg.

Flint scraper Pin Hole Cave 1875 99 99 *• 11
— Figd. ‘Q. J.

G.S.’ 1876, p.
253. flg. 8

Flint flakes . Mother Grun- 1879 99 99 11
— Implements

dy’s Parlour few, resem-
bling those
of the other
oaves

Quartzite flakes . 99 99 99 99 11
'

4 Human skeletons

.

ts 99 99 99 99 n 11
— Age of skelo-

1 tons doubt-
ful. One
skull perhaps

a. Bon^ Implements— Neolithic
Bone needle . Church* Hole 1875, ‘Q.,T. G. S.’for Owens Colleg^e 3 Figd.‘Q.J.G.

S.’ 1877, p.Cave 1876. 1877. Papers Museum, Mau-
1877 by Rev. J. M. cliestop 603, fig. 4

3 „ awls . Notts' side of .. Melloand Pf. British Museum —
ravine W. Boyd

2 „ spear heads . f9 99 99 Dawkins Rev. .T. M. —
‘ Les Grottes Mello's Collec-
de Creswell ’

tion
2 Spear or gouges 99 9 ‘Annales 'dela 91 91 42 ‘Q J. G. S.’

of Reindeer ant* Soc. Scienti* 1877, p. 603,
ler flquo de Brux- flg. 7. ‘An-

elles nales’ de la
Soc. So.Brax.'

Serrated bone •2 >. > 9S ‘ Palmolithic 91 11 2 ‘Q. J. O. S.’

j
Man at Ores* 1877, p. 603,

b. I7int Implements—
j

well,’ Derby-
shire Arch.

fig. 6

1 and Nat. His.
70 Flint flakes . 99 99 *9 Soc. Trans.. 11 99

—
2 „ awls . 9* 99 91 vol. i. 1879 9* 19

— —
1 Simple scraper fs 99 99 99 99 , 91 19

— ...

2 Bevelled flakes 99 99 99 99 99 91 99
— _ ‘

62 Flint chips . 99 99 99 99 99 91 99
—

-

0. Qfiartsite Implements—
73 Round pebbles . : 91 99 1

99 99 99 9* 11
.-r-

5 Quartzite choppers
|

91 99 99 99 99 91 11
— —

3 „ flakes .
,

9.1 99 99 99 99 91 11
—

12 „ chips 99 99 99 99 99 91 91
— —

Fragmentsof char* 99 99 99 99 99 99 91

coal
Burnt hones

,

- -

99 99 99 99 99 99 91
—

:

—

N-B.—Although the Church Hole Cave is, strictly speaking, in Nottinghamshire, it will probably be
considered most convenient not to separate its contents from those of the other caves belonging to the
samegronp.

In cataloguing the Prehistoric remains found in the Derbyshire
Tumuli I have found it almost impossible to separate the Neolithic from
the Bronze age interments, owing to the constant intermingling of the
two, and therefore I have grouped them together under one heading.
The two civilisations naturally blend ; there is no such gap between them
as there is between the Palasolitbic and Neolithic ages.
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Table II.—Neolithic and Bronze Ages.

293

Name of Object

1. Pit dwellings.

Locality
|

Previous Desonptiou

1. Earth-WORKS and Fortifications.

Remarks

3. Quadrungular
enclosures

4. Stone pave-
ments

6. Camp

6. Port? .

7. Fort or camp

.

8. Port ? .

Cricb,Linda Spring
Wood

Abney Moor .

Smyrrill Grange,
near Middleton-
by-Youlgrave

Harthill Moor .

Mam Tor, Castle-
ton

Alport Castle

.

' Vestiges of the Antiqui-
ties of Derbyshire.’ By
T. Bateman and 8. Glo-
ver. V. A. D.’ used to
denote this work.)

‘ Barrows and Bone Caves
of Derbyshire.’t R. Pen-
nington.

‘ V. A. D.’ . .

„ also ‘Barrows
and Bono Caves,’ Ac.

ft »

2 rows of circular pits,' called
the Pitsteads, each about 16 ft.

dlam., 6 ft. deep.

Excavated in the rock.

4 yds. to 10 yds. square, built of
Limestone blocks. Coarse pot-
tery within.

Supposed floors of circular huts.

Barrows and fort ? Remains of
rampart of rough stones.

Markland Grips, — —
near Creswell

Carlswark, Hather- ‘ V. A. D.* p. 122 ;
‘ Ten Encampment walled with large

sage Years*Diggings,’ p. 253; stones.
‘ Reliquary,’ vol. i. 159 ;

• ‘ Arohceologia,’ vol. vii.

1. Megalithio
circle

Arborlow

2. Circles.

‘V.A.D.’.

2. Circle . . Harthill Moor,
(‘ Nlnestone Close ’)

3. „ . . Brassington Moor

.

4. „ .

6. ,,

6-18. Circle

, Abney Moor, near
Highlow Moor

Eyam Moor, Wet
Withens

Froggatt Edge . , „ ....
East Moor, Baslow
Hathersage Moor . „ . . . .

Stanton Moor Figured, ‘ V. A. D.’ p. 112
(‘ Nine Ladies ’)

Oiferton Moor . * Barrows and Bone Caves
of Derbyshire.’ R. Pen-
nington.

Wet Withens „ „
Moor

Circle of Limestone blocks over-
thrown, i^urrounded by a ditch
and vallum ; connected by a
serpentine vallum with a tu-
mulus j mile distant. Barrows
near circle.

7 rude stones ; 2 others 80 yds.
to 8.

Circle of 2-ft.-bigh stones, 39 ft.

diam. ; another smaller (22 ft.

diam.) 16 ft. distant.

! 33 ft. diam., enclosed by vallum

;

I

4 large upright stones within.
! In 1755 there were 9 large

equidistant stones. .

16 upright blocks of gritstone,

30 yds. diam. ; there was a
large central block. •

At least 12 more droles, each
surrounded with circular
mounds of earth, some with
stones.

About 12 yds. diam., with cen-
tral block.

13 stones ; 12 yds. diam.
6 stones ; one 7 ft. high near.
9 erect stones, 3 ft. to 4 ft. high

;

1 stone 34 yds. distant.

89 ft. by 83 ft. ; rampart 7 ft.

wide.

100 ft. diain. ; rampart 17 ft.

wide ; 11 stones standing.

Rooking stones

3. Rooking Stones.

Stanton Moor,
Birchover (Row-

‘ V. A. D.’ p. 115, &c. .
1

1

to Rocks)
Bradley Tor, near II • « • •

the above
Ashover Common II • • • .

(‘ Robin Hood’s
Mark ’)

„ also Spencer
Hall’s ‘ Rambles in the

Hathersage Moor .

* 1

Country,’ p. 28.

An outlier of Kinderscout Grit

had several rocking atones.

^ mile Drom the above another
outlier with rocking stone.
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Table III.—Inst of Barrows,

Compiled from T. Bateman’s ‘Ten Years’ Diggings,’ 18G1.

No. Name of Barrow Locality No. Name of Barrow Locality

1 Abbot Low . Hopton. 61 Darby Low . Fairfield.

2 Abney Low . Abney Moor. 62 Dars Low Monj'^ash.
3 Arbor Low . Middleton-by- 63 Dirt Low Ashford.

youlgrave.
|

64 Dow Low Church Sterndale.
4 At Low

.

Hognaston. 65 Drake Low .

6 Bailey Hill . Hanson. 66 Elk Low Hartington.
6 Bargoes.The

.

Middleton-by- End Low ff

Youlgrave. 68 Fairfield Low Buxton.
7 Bar Low Chesterfield. 69 Far Low Cauldon.
8 Barrow Sedge Hartington. 60 ff ft • Tideswell.
9 Bas Low Chatsworth. 61 Fin Cop Ashford.
10 Bee Low Youlgrave. 62 Find Low Chelmorton.
11 Birk Low Hathersage. 63 Foo Low Eyam.
12 Blake Low . Bonsai. 64 Fowse Low . Hopton.
13 f> • Etwall. 66 Fox Low Buxton.
14 If » • Hassop. 66 Galley Low . Brassington
16 Blind Low . Hartington. 67 Gib Low Middleton-by-
16 ft • Chelmorton. Youlgrave.
17 Boar Low Tissington. 68 Great Low . Chelmorton.
18 Bole Hill . Bakewell. 69

ff ff • Hartington.
19 ff ft • Wirksworth. 70 ff ff • Tideswell,
20 „ Low Bamford. 71 Green Low . Alsop Moor,
21 Bootli Low . Sheldon. 72 ff ff • Brassington,
22 Burrows, The Middleton-by- 73 ff ff • ' New Inns.*

Youlgrave. 74 ff ff • Wheston.
23 Borther Low . If 76 Grind Low , Eyam.
24 Brier Low Buxton. 76 ff ff * Over Haddon.
26 Broad Low . Ashbourne. 77 Gris Low Calver.
26 ff ft Tideswell. 78 Hal Low Pleasley.
27 Brown Low . Hartington. 79 Har Low Bradbourne.
28 Brand Cliff . 80 Hare Low Bamford.
29 Bullock Low

.

81 ff ff * Tideswell.
30 Burnet Low . Grindon. 82 HarefootLow Hartington.
31 Cal Low Hathersage. 83 Hawkes Low

.

Parwich.
32 f> ft • Hopton. 84 Hay Cop *Monsal Dale.
33 Ca-Low Chesterfield. 86 Heathy Low

.

Tideswell.
34 Calling Low . Youlgrave. 86 Herns Low . Eyam.
35 Calver Low . Calver. 87 High Low . Atlow.
36 Carder Low . Hartington. 88 ff ff • Hathersage.
37 Carter Low . ft 89

f f ff • Monyash.
38 Cas Low Mayfield. 90 Hind Low Church Sterndale.
39 Casking Low

.

Hartington. 91 Hoar Low Hartington.
40 Cast Low 92 Hob Hurst’s Baslow Moor.
41 Chelmorton Chelmorton. House

Low 93 Hoo Low Fairfield.
42 Cop Low Great H^cklow. 94 Hack Low, Great Hucklow.
43 Cow Low Buxton.

*
Great

44 ft ft Chapel-en-le-Frith.,
*

96 Huck Low, Little’ „
45 ft ft Hartington. Little
46 ft >f • Holme End. 96 Hurd Low Hartington.
47 ft ft Middleton-by- 97 Kens Low Middleton-by-

Youlgrave. Youlgrave,
48 Crake Low . Parwich. 98 Kirk Low Tideswell.
49 Cronkstone Hartington. 99 Knock Low . Milnhouse Dale.

Low 100 Knot Low . Flagg.
60 Cross Low . Parwich, 101 LadmansLow Buxton.
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Table III.—List of Barrows—

No. Name of Barrow Locality No. Name of Barrow Locality

102 Lady Low . Chapel-en-le-Frith. 160 Busden Low

.

Middleton-by-

103 Lapwing Hill Cressbrook. Youlgrave.

101 Larks Low . Middleton-by- 161 Saint Low . Parwich.

Youlgrave. 152 Sandpit Low

.

Bradbourne.

106 Lean Low . Hartington. 163 Seen Low Hartington.

106 Lidd Low Thorpe. 164. Senni l^ow . II

107 Liffs Low Biggen. 166 Shack Low . Bakewell.

108 Little Low . Parwich. 166 II II • Sheldon.

109 Long Low . Hartington. 157 Shal Low Flagg.

no Low, The Alsop Moor. 168 Shar Low Bradbourne.

111 Low Close . Eckington. 169 Shard Low . Derby.

112 Low Field . Middleton-by i 160 Sharp Low . Dovedale.

Youlgrave. ! 161
1

Sinfin Low . Bepton.

ff II ^ Woodlands, 1
162 Sitter Low . Parwich.

114 Lew Moor . Parwich.
i

163 Sitting Low . Chapel-en-le-Frith.

116 Low Top Ashbourne. ! 164 Sliper Low . Brassington.

116 Lower Low , Wheston.
i

166 Slipper Low . Taddin^on.

117 Massor Low

.

Matlock.
;

166 Staden Low . Buxton.

118 Mick Low . Edale.
i

167 Stan Low Great Hucklow.

119 Mining Low

.

Brassington.
1

i Moor
Moot Low . Hanson. 1

168 Stand Low Dovedale.

fl #1 Grange Mill. 1
169 Stannage Low Biggen.

II fl * Youlgrave. i 170 Stone Low . Baslow,

Mosey Low . Pilsbury. 1 171 II II • Hartington.

124 Mouse Low . Glossop. 172 Stoney Low . Brassington

126 'Nay Low Tideswell. 173 II II • Cold Eaton.

126 NeedhamLow Wheston. 174 II II
*• Hartington.

mm Net Low Alsop Moor. 176 Swains Low .
—

128 Nether Low . Chelmorton. 176 Swarkeston Swarkeston.

Over Low Hartington. Low
Ox Low Peak Forest. 177 Thirkel Low

.

Buxton, ,

131 Painstor Low Alsop. 178 Tids Low Tideswell.

Peas Low Chapel-en-le-Frith. 1 179 TurningLow, Hartington.

bSI Peg Low Wheston. ! 180 Under Low , Heathcote.

134 Penny Low . Hartington. 181 )» >» • Chelmorton.

136 Pig Tor Buxton. 182 Upper Low . II

136 Pinch Low . Hartington. 183 Waggon Low, Cronkstone.

137 Priest ClifE . Taddington. 184 Ward Low .
—

138 Queen Low .
— 185 Warry Low .

139 Bams Low . Elton. 186 West Low . Litton.

140 Havens Low .
— 187 White Low . Ible.

141 Hick Low Monyash. 188 II II Winster.

1A2 BinghamLow Middleton-by- 189 Wigbarrow Bradbourne.

Youlgrave. • Low
1

143 fl II Monyash. 190 Will Low . Parwich.

144 Binging Low Brampton. 191 Wind Low . Wormhill.

146
;

Bisteo' Low Etwall. 192 Withery Low II

146 Bocky Low . Wheston. 193 Wool Low or Buxton.

147 BoUey Low . Wardlow. Hoo Low
148 Bound Low . Hopton. . ‘ 4 ,194 . Yams Low . Eyam.

149 Bow Low Youlgrave.
•1
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Table IV.—Neolithic and Bronze Ages.

List of Stone Celts, &o.

Name of Object Material Locality Date
Previous
Description

Where
Deposited

t

1
InE y

!• Celt Basalt . Stanton Moor . 17—? ‘ A Descrip- Bateman — Figured *D.
tive Cata- Collection, C. Aa*

i

f

logue of the Sheffield
(

• Antiquities, PubUoMu-
&c., pre- seum

1

t

r

servedin the
Museum of

Thos. Bate-
man,' 1866.

(‘D. 0. A.’

used to de-
note this

work.)
6£ Thick.2. . • 99 • • Haddon Hall . 1786 99 99 • 29

3. Dagger . Flint . Blakelow, Mat- 1786 12 21 • 22 92 8i figured * D.
lock C. A.’ p. 47

4. Celt (broken) O-reen coloured Gib HillBarrow 1824 22 22 • 22 99
— —

stone
6. „ . • Dlorite ? Monyash . i:v H

22 22 • 22 22
6

6. „ • • Toadstone Newbaven 22 27 • 92 92 H Thick and
(Dolerite)

‘V.A.D.’ .

narrow.

7. .. . • Slate . 22 29 • 29 22 99 H —
8. „ • • Basalt . 22 22 •

—
22 22 • 92 22 4| —

9. „ • • Yellow-veined Hopton . 1791
• 2 22 • 22 92

— Polished.

10. (broken) — OroasFlats,Mid- 1828 22 22 • 22 99 4J —
dleton

11. „ . • Slate Youlgrave 1831 22 22 • 92 99
— —

12. „ • • 12 • • Monyash . . 1832 22 22 • 92 92 61 —
13. „ . « Toadstone . Newhaven 1833 22 22 * 99 99 61 —
14. . • Basalt . Bakewell Moor V 22 29 • 92 99

— Highly po-
lished.

16. „ • « 7 . . . Youlgrave 1830 22 22 • 92 29
3 —

1«. ,, • . Flint . YoulgraveMoor 22 22 22 • 92 92
— —

17. „ • • Basalt . .
— 1832 22 22 * 92 99 2i Thick.

18. „ • . Slate Arborlow . 1839 22 22 • 99 92 7* Longornar-

6i

row part
polished

f9 « • Grey Flint . Lilt’s Low, Big- 1843 22 • 92 92
—

gen
20. „
21. „

• •

• •

n »> •

Dark Flint .

22 22

Leon Low,New-
99

22

29 22 •

99 22 •

99

99

22

92 H Polished ;

haven X
H

both ends
sharp : one
side flat|

other con»
ex.

22. „ • • Block Lime- MiddletonMoor 1839 22 22 • 99 92 4J
stone

23. Hbne • Slate . Bakewell . . 1844 92 92 • 99 99
7 Concave

sides broken
24. Celt t . »i • • 22 22 • • 22 29 92 * 29 99

— —
26. „ • • Green Slate . SmerrillMoor . 1826

22 22 * 99 99
— ~

1

26. „ (broken) Basalt . Hartle Moor .
—

22 92 * 99 99 8i
27. „ * • Slate . 22 * 22 • 1845

22 22 * 92 99
—•

.

28. „ • • Basalt?. NewhavenLodge 22 22 22 • ' 99 99 4|
29. „ • • Green slate . 22 92 22 22 22 * 99 92

4

30. „ • • Black Lime- 22 99 22 22 22 • 92 92
—• —

stone
31. „ (broken) Slate . Arborlow . , 1844 22 22 * 99 92

6 —

-

32. „ • • •Yellow flint . Taddington 1846 22 22 • 92 22 64 —
33. „ • • Flint . 22 22 • 29 22 22 • 99 99

—
84. „ • « Green slate . Monyash . 29 22 22 * 99 29

—
36. „ (broken) Slate SmersUl Moor . 22 22 22 • 99 92

— —
36. 1) « . Toadstone . Arborlow . 29 22 92 * 99 99

—

-

37. „ (broken) Green slate . Middleton Moor 1846 22 92 * 99 99
—

88. „ 92 * Flint . Sheldon Moor . 1840 92 92 * 99 99 64

89. „ • . Basalt . Smerrill Moor . 1847 22 99 * 99 92
—

40. „ (broken) 99 • • NewhavenLodge 22 22 92 • 99 99
— —

41. „ • • 99 • 2 Taddington . 99 29 92 * 99 99
—

42. „ • f Slate . MiddletonMoor
1^8

22 99 * 99 99
—

48. „ . • Basalt . OrossFlats,Mid- 99 92 • 99 H —
dleton
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Table IY.^Neolithic and Bbonzb Aoes. Lis of Stone Celts, &o.---contiwued.

Name of Object Material Locality Date
Previous

Description

Where
Deposited

44. Colt . Basalt . . Newhaven . 1848 ‘V. A,D.’ . Bateman
Collection,

Bbeffleld

Public Mu*

46, „ . ,

46. „ , ,

47. ,, . ,

48. „ , .

49

60. „ (fragment)

Ko'
”

S'
” ”

55
66. Hone .

1
67. Celt . .

» , ,

69. „ (fragment)
60. „(imperfect)
61. „ (rough) .

63. „ (broken)
64. ..

Sandstone

B^alt

Sand agate

Flint
~.

II •

Elk Low, Hart*
ington

Oreen8eats,Mid*
dleton

Gib HUl,
dleton

GreenseatSyMid*
dleton

II II

II II

II II

II II

Basalt

69. Hammer or Granite

,

axe

» »l II II II

Eenslow Knoll ,• » «•

Smerrill Farm . „ >• n
Greenseats . 1649 „ „

NewhavenLodge 1851 „
Arborlow . . n
Kenslow, Mid* » >»

dleton
Pike Hall . , »» •»

Smerrill Moor . •• »
Arborlow . . 1864 „
Youlgrave . 1863 ,,

T..
” ”

Biggen .

Smerrill Moor
II II

II II

Borrowash . 1841 » ,,

74. ,, ;;
Jasper .

75*

78
” ” Basalt .

77. Querns . ,
—

78. 8 querns .

' *“

79. „ (conical)
““

80. Pestle? . ,

81. Implement .
IwMtone

88. Celt

II II

II II

Birchover. . 1848 » „
Middleton -by- 1827 *, >»

Youlgrave
Taddiiigton .

—
Tideswell . . 1844

. Castleton . . — »* »
WinsterCommon 1760 » »

. Sheldon Moor . 1848 » „
HarthiU Moor . 1846 „ „

Over Oldhams, ~ w »> •

Arborlow
Taddington ,

— » •> *

Harthill Moor .
— »» »

88, ,,

84. Pestle . . Sandstone Near Castleton I
~-

86. Spindle-wheel Flint Doveholes

M M
M M
U U

Polished.

6^ Has a cavity
worked in

each side.

Baisedmould-
ings,* figured

‘D.O.A.’p.3|

Two edged.

V. A. D.

. BritishMu*

>1 i, also

Camden's
'Britannica,'

1806, voL ii.

n.422
Near Doveholes 18—? Barrows and

Bone Caves’,

p.62, Ac;
Hope . — „ „

‘Gtentmn.s
Mag.’ 1783,

n. 393; ‘D.

C. A.’p.l0.

A natural

perforation.
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Table V.

—

Bronze Age,

List Bronze Weapons, &o.
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Table V.—Bronze Age. List op Bronze Weapons, Scc.^oontinued.

No. and Name of Object Locality Date Where
Description Deposited

J
Ren.arks

Daogkrs—

2. Bronze dagger * Carder Low, 1846 < D. 0. A.*

'Hartingtou

8ft If
. New Inns 5* I n fH

• Now Inns • „

Bateman Colleo- Figd.‘ D.O.A.’
tioii, Sheffield p. 6

‘Public Mu-
seum

Handle orna-
ments, two
pins and
thirty studs

8. „

9. ,,

»» M

»» »»

II 11

II II

II II

. Near Wormhill 1846

. Dow Low . „

. Kens Low . „

. Parcelly Hay . 1848

. I Shuttlestone

. End Low, Har- „
tington

. Minning Low . 1849 „ „

. Lid Low. . 1851! „ „

. Bole Hill,Bake- 1854 „ „
well

. TheRake,Bux- 1856 „ „
ton

Blade fluted

Throe handle
studs or rivets

Two rivets,

traces of horn
handle found
with Celt No.
15

6i Plgd.‘ T.Y.D.’

p. 39. Three
handle rivets

— Archaic, no
rivets, only
holes for
tliongs, con.
torted by Are

7J Two rivets

92 Two holes to
tie handle

Spears

1. Bronze spear-head . Wardlow . . 1825 * D. O. A.’

II I II II

. Litton . . 1831 „ „

. Matlock Bath . 1806 „ „

. DarleyDale .

. Lathkill Dale .

. Heage .

42 Has two loops

to socket

7 * Looped each
side socket

— Point only

— Unusually
wide blade
looped on
either side of
socket. Type
figd.‘VA.D.’
p. 9 ; also
^ D.O.A., p.

21

8. ,, . MoorLow,Han- 1844 „ „
sou

. Stanedge,New- 1858 „ „
haven



300 REPORT

—

1888

Table VI .—Neolithic and Bronze Ages.

So-called Celtic Pottery prom T. Bateman’s List.

Kame of Object Locality Date
Previous

Description
Where

Deposited

5
bo
’55

w
Remarks

Ina
1. Ornamented vaae . Ashford . 1832 T. Bateman's Sheffield Public 43i —

Catalogue of Museum
Antiquities,
1855

2. Incense cup . Larks Low, 1825 88 88 Bateman’s col* — Figd. Catal.
Middleton lection ofAntiquity,

p. 81
3. Ornamented cup . Minninglow . 1843 88 88 88 88

00 —
4. Small vase lifPsLow .*

88 88 88 99 89
— ...

6. Small ornamented Cross Low,Par- 88 98 88 98 88
— Figd. Catal.

vase wich of Antiquity,

Cross Low,Par-

* p.83.
6. Larger slightly or- 88 88 88 89 88

—
nament^ vase wich

7. Smaller, coarse tez- Cross Low,Par- 88 88 88 88 88
— —

ture wich
8. Large urn, broken Moot Low 1844 88 98 89 89

—
9. Highly ornamented super Low 1844 88 98 88 88

— Figd. ‘ Joum.
cup of the Arch.

Instit.* VoL
i. p. 248

10. Small cup StoneLow,Ba8- 1830 88 88 88 88
—

low
11. Ornamented vase . Rolley Low . 1844 88 88 88 88

— —
12. Highly decorated Green Low, 88 98 98 99 88 n Figd. Catal.

cup Alsop Moor ofAntiquity,
p. 85.

13. Large urn Near Sheldon

.

18 98 98 98 88
—

14. Rudely ornamented Arborlow 88 88 88 88 88
—

vase
15. Ornamented vase . • 88 88 88 88 88 4i Wide-mouthed

9^ in. dlam.

'

16. II ,, , HartleMoor . 88 88 88 98 98
— Figd. Catal.

of Antiquity,
p. 87.

17. Small cup 89 It
1

98 88 88 88 89 Figd.' Catal.
of Antiquity,

/ p. 87
18. Fine onuunented Flax Dale, 1847 88 88 98 98

14 Figd. Catal.
nm Middleton ofAntiquity,

p. 89
19. Decorated vase Lean Low, 88 *98 99 88 88

—
Hartiugton

20. Small „
21. Decorated vase

Gib Low

.

Bostom, Dove-
1848

88

89

89

88

88

88

88

88

88

dale
22. Very fine cop . Mouse Low, 88 99 88 88 88 8|

Glossop
23. Small vase Crake Low, 88 99 88 88 88

—
Tissiugton

24. „ cup Dow Low, 88 88 99 88 89 7 _
Stemdale

25. Decorated cup Blakelow, 88 88 88 88 89 n
Lougstone

26. Rudely ornamented L o n gstone 88 88 88 99 98
—

vase Edge
27 Rudely ornamented Lon gstone 88 99 88 98 8*

—
vase Edge

28. Finely ornamented Rusden Low, 88 88 88 88 88
—

cup Middleton
?9. Incense cup . MatlockBridge 88 88 88 99 88 4 —
30. Finely ornamented Bee Low, 1851 89 88 88 88

—
uup

31. Vase near Ashford . 98 199 99 99 89
- --

32. Ornamented vase . MonsalDale 88 98 88 88 98 54
33. Cup. 88 88 • 88 89 88 88 88

34. Richly moulded de-
corated vase

88 88 • 88 88 ' 88 88 88 4|

35. Finely ornamented 18 88 • 88 89 98 88 98 12 —
um

36. Rudely ornamented Staker Hill . 88 88 88 89 88
—

vlip

87. Small rudely orna- Waggon Low

.

1852 98 88 89 89 4i
mented vase
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Table VII.— awm? Bronze Ages,

Contents OF Babbows.

1

Name of Object Locality

I Coarse claj um . Calton . 1789

Three coarse clay urns, Stanton Moor 1787

1
one small one

1
Several urns with burnt Stanton Moor 1799

1
bones ; bone and barrows %

1
bronze pins ; some

1 flint chips; 3 urns 1847

1
with burnt lx>ncs,and
a flint implement

I
Skeleton

;
2 flint arrow Fin Cop, Ash- 1795

heads, burnt bones

;

ford
I 3 coarse urns with

1
burnt bones ; 2 skele*

1
tons ; fliut spear

1
head ; small stuccoed

I
stone

1
Bnde sun-baked urns Hathersage . 1834

1
with burnt bones

2 large urns with cal- East Moor, 1830

1
oined bones and near Baslow

1
flints; small incense (Stonelow)

1
oup ; large flattish

I vessel of red clay,

1
perforated with holes

1
at bottom

I 2 skeletons ; ivory or Kenslow, near

1
bone pendent ; oircu- I Middleton-

1
lar bronze fibula ; by-Dalo

1
fragments of pot-

1
tery; broken axe of

1 basalt ; polished peb-

1
ble

1
Burnt human bones; Gibb Hill (Ar-

1

1824

1
flint arrow head

;
bor Low)

1
broken basaltic celt

;

1
calcined flints

1
Skeleton ; flint arrow BeeLow,Youl- 1843

1
head ; 2 flint imple- grave

1
ments ; bone pin

;

1
blay urn

1
Contracted skeleton; Biggin (The 1843

1
hammerhead of red Liffs)

1
deer antler; 2 flint

I
arrow heads ; 2 flint

1
celts; 2 flint spear

1
heads ; 2 flint knives

;

1
flint chips ; frag-
ments of re<l ochre;

I
2 large boars’ tusks

;

1
coarse urn

1 8 chipped flints ; arrow Brassington 1843

I
head of flint ; 2 cir- Moor

1
oular flint imple-
ments; coarse bm

I
fragments

1 Skeleton; flint lance Elk Low . . :1843

head ; 3 flint imple-
ments

;
burnt human

1
bones ; flint arrow
head ; coarse clay

1
um

1
Skeleton; coarse" clay Borther Low, 11843

1
um; flint arrow
head ; small bronze

Middleton-
by-Youl-

( oelt grave
|

Previous
Description

Where
Deposited

"S
0)

W
Remarks

* Vestiges of

the Anti-
quities of
Derby-
shire p.22

Bateman Col-
lection, Wes-
ton Park Mu-
seum, Shef-
field

Ins

5

11
CO >w P

I.

Urn has zig-

zag scratches

;

1

contained
I ashes

*A Descrip-
tive Cata-
logue of the
Antiquities
Ac., pre-
served in
the Mu-
seum of
Thomas
Bateman

22 22 •

12 >2 • 22 22 • Two burrows

22 12 • 22 >2 • -Mi.

1

22 22 • 22 22 • — —

22 22 •

Brampton Mu-
seum

Bateman Col-
lection

—

22 29 • 22 22 • 2*6

vr.

22 22 • 22 22 • —

22 22 • 22 22 •

i

Barrows rich
in contents

22 22 • 22 22 • i
2-5 —

22 22 • 22 22 • — —

#

21 12 • 22 22 •
-
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Table VII.—Neolithic and Bronze

Name of Object Locality Date

Skeleton ;
small nrn ;

bone pin; cist with
skeleton ; coarseum

;

broken celt ; chipped
flint ; burnt bones of
2 children ; 2 urns

;

6 skeletons

Cross Low
(Farwich)

•

1843

XJm of fine black clay

;

um of coai-se black
clay ; flint chips and
implement

Large urn with burnt
bones

•

Bingham Low
(Middleton
Moor)

1821
1843

’ Moot Low
(Grange

Mill)

1844

Bronze spear

Contracted skeleton — —
3 skeletons ; broken
stone celt ; 5 flint

implements ; burnt
bones ; 2 flint atrow
heads ; 2 flint imple-
ments ; skeleton of
child ; small oina-
ment^uro

Sliper Low
(Brassington
Moor)

1844

Large flint arrow head

;

fragment of urn

;

fra^ent of pjrrites

;

* um containing 3
quartz pebbles : flat

piece of polished iron
ore ; small flint celt

with round polished
edge ; beautifully
chipped implement;
21 circular flint im-
plements; 17 ruder
ones

Elton Moor
Low

j

1844

1

Broken urns ; human
bones; flint chips

One Ash farm 1844

Coarse urn; 2 skele-

tons; S £^nt imple-
ments ; contracted
skeleton; ornamented
um; 2 flint arrow
heads ; large boar
tusk ; flint spear
head

Eolley Low
(Warillow
Common)

1844

6 skeletons ; olsy urn

;

flint arrow head

;

flint chips

Upper Haddon
Moor (Bar-
row)

1844

S flint implements Hunter Mere
(Ashford
Moor)

1843

Previous
Description

Where
Deposited

Length Bemarlcs

* Vestiges of
Ins.

'

Bateman Col- FirstSobjeote
theAntiqui- leotion, Wes- from seoon-
ties of Der- ton Park Mu- dary inter-
byshire,* T.
Bateman
and S.

Glover. A
Descriptive
Catalogue
of the An-
tlq^uities,
Sui., jjre-

served in
the Muse-
um of T.
Bateman

seum, Shef-
field

ment

tt It

tt tt

16

ins.

high,

13

ins.

diam.

at

mouth

Secondary in-
terment

O If tt tt
3-23 Has hole for

rivet

ft tt Primary in-
terment

ft tt tt tt

1

It tt tt ft
— —

If t» tt tt

tt tt

•

tt tt

!

ft tt tt tt
— —

tt ft tt tt
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Table YII.—^Neolithic and Bbonzb Ages

—

continued.
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Table VII.—Neolithic and Bronze Ages

—

oo^irmed,

Name of Object locality
Previous

Description
Where

Deposited
Remarks

Contracted skeleton ; 2
flint implements

;

burnt human bones

Bostom bar*
row, near
Dovedale

2 contracted skel^
tons, m. and f.

2 small urns ; 1 large
urn ; calcined bones

;

2 flint implements
Skeleton of infant

;

burnt human oones

;

2 bone pins (burnt)

,

flne flint spear bead

;

arrow head of flint;

contracted female
skeleton ; skeleton of
man in sitting pos-
ture ; flint sj^ar
head ; portions of i

other skeletons ; cir-

cular and other flint

chips
Contracted skeleton

;

small coarse urn
Contracted skeleton

;

flint implements

;

highly ornamented
vase

Contracted skeleton,!;
2 skeletons ; 2 skele-

tons of infants ; ivory
phi ; necklace of
Kimmeridge coal
beads with ivory or-

naments
Contracted skeleton

;

bronze vdagger ; re-

mains of wooden
sheath ; 4 flint im-
plements ; burnt
human bones

Fragment of urn ; flints

I

Flint arrow head ; cal-

cined bones 12 indiv.

Contracted skeleton, f.?

calcined human
bones ; bone needle

;

many human bones

;

contracted skeleton,

f
. ; 117 Kimmeridge
coal beads

Circular' flint imple-
ment ; broken urn

2 skeletons ; fluted

bronze dagger ; flint

chips ; iron - stone
amulet ; burnt hu-
man bones

Flint spearhead; cal-
cined bones

FUnt arrow head .

* Vestiges of
the Anti-
quities of
Derbyshire,'
T.Bateman.
A Descrip-
tive Cata-
logue of the
Antiquities
&c., pre-
served in
theMuseum
of Thomas
Bateman

Bateman Col-
lection, Wes-
ton Park Mu-
seum, Bhef-
field

HarthillMoor 18451

eastern, near 1845
Wetton

Female skele-
ton headless

Urns flgured
‘V. A. D. ’

p. 72 I

Lid Low 1845
(Thorpe)

eastern, near 1846
Wetton

Windle Nook, 1846
near Har-
gate Wall *

near Buxton 1846

:

(Barrow)

„ „ 1846
Five Wells Hill 1846
(Taddingtou)

Cow Low 1846
(Buxton)

- Vase figure^
V . A. D.,'

p. 87

— Necklace fig-

ured, ‘ V. A.
D.,’ p. 89,
‘Descriptive
Catalogue,’
p. 10

Dowe Low
(Church
Stemdale)

Chelmorton
Low

Hinde Low
(Sterndale)

Figured ‘De-
scriptive
Catalogue,’
p. 11

Dagger fig-

ured, *V. A.
D.,’ p. 96,
and * De-
scriptive
Catalogue,*
p. 12
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Table YIL—Neolithic and Bronze kam-^ontinued.

.
Name of Object Locality Date

Contracted skeleton

;

flint spear head ; cir*

onlar ended flint im-
plement ; sandstone
ball

Calling Low
Farm (near
Middleton)

1846

1
Flint implement; bro-

1
ken urns ; iVo skele-

1
tons

Near above . 1846

1

Contracted skeleton . MootLowBank
(Middleton)

1847

1
Small urn Stanton Moor 1847

I Pine urn with burnt
I bones ; flint arrow
1 heads ; fragments of

1
human skull

Middleton-by-
Youlgrave

1847

1 Coarse clay urn ; cal-

1
oined bones ; flint

1
flake ; contracted

I skeleton

Lean Low 1847

1
Fragments of pottery

;

1
flint chips

Harthill Moor 1847

1

Skeleton
;
flint chips . Bingham Low

(Monyash)
Gotam .

1847

I Two flint implements

;

I
. sawn fragment of

1
antler ; skeleton ; out

1
antler

;
contracted

1
skeleton; flint spear

1
head ; bronze pin

1847

1
Flint implements

; bone

1
lance head

Middleton
Moor

1847

1 Flint flakes and chips

;

1
flint arrow head ; 2

1
semi-circular flint

1
implements ; small

I urn ; burnt bones

Gib Hill (Mid-
dleton Moor)

1848

1
Flintimplements ;fkag-

1
ment of stone celt;

1
7 crescent shaped

1
bone ornaments

;

1
fragments of coarse

1
clay um; fragment

1
of ring of Eimme-

r ridge coal ; bone spa-

1
tida ; part of human

1
skeleton; bronze dag-

r
.
ger ; bone needle

;

Eenslow (Mid-
dleton - by-
Youlgrave)

/

1848

1
bone spear head — —

1
Basalt celt ; fragments

1
.Of querns

; some

1
flints; fragments of

1
pottery; fragments

Cross Flatts
plantation
(Middleton -

by - Youl-

1848

( of skeleton

1888.
grave)

Previous
Description

Where
Deposited

1
Remarks

‘ Vestiges of Bateman Oollee
Ins

the Anti-
quities of
Derbyshire,*
T. Bateman
andS.Glover
A Descrip-

tive Ci;ta-

logne of the
Antiquities,
&c., pre-
served in
the museum
of Thomas
Bateman

tion, Weston
Park Museum,
Sheffield

C*

91 99

•

>1 91 99 99
—

tf ft 99 99

99 99 99 99
— —

99 99 99 99
— —

91 99 II 99
—

99 99 99 99

1

99 99 99 99

‘Ten Years 99 99 Large barrow
Diggings,*
by T. Bate-
man. 'T. Y.
D.’ used to
denote this
work. A
Descriptive
Catalogue
of the Anti-
quities, &c.
preserved
in the Mu-
seum ofThos.
Bateman

99 99 99 99

near A^bor-
low. The
cist Is flg-

urod, ‘T. Y.
D.,’p. 18,19

Also opened

99 99 3

in 1821, see
‘V. A. d:

The dagger

W 99 99 99
—

has 3 rivets
attached

X
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Table VU.—Neolithic Ind Bbonze

Hame of Object Looalitjr
Previoos

Desoriptioa
Where

Deposited
Bemairks

Contracted sittlnR ske*
leton ; chipped flints

;

brokenum

Paroelly Hay 1848] ‘Ten Years
(Hartlng*
ton)

Skeleton contracted

;

granite axe head

;

bronze dagger

Diggings,’
by T. Bate*
man. ‘T. Y.
D.' userl to
denote this
work. A
Descriptive
Catalogue
of the Auti-
c^nitles, &o.
preserved
in the Mu*
seum of
Thos. Bate*
man

Ins.
Bateman Colleo* —

•

tion, Weston
ParkMuseum,
Sheffield

Fragments of skeletons
and burnt bones

;

whet*stone ; flint ar*
row head ; female
skeleton contracted;
skeleton of child

Middleton 1848
Moor, near
Arborlow

Necklace of jet and
bone beads

Calcinedbones; broken SharpLow,near 1848
urn Tissington

Contracted skeleton ; Near Thorpe 1848
broken urn Cloud, Dove*

dale
Skeleton; bronze celt; ParwichMoor 1848
bronze dagger

; jet

bead; circular flint

implement

Burnt bones ; coarse Bound Iiow 1848
um; flints (Hopton)

Skeleton ;
burnt bones ; Ci^o Low

flints; small coarse (Tissingtoh)
urn ; 2 skeletons

;

small um — 1848

Cistandskele*
ton flgured
‘T.Y.D.,’p.
23

^his inter*
mentwason
the cover-
ingstonesof
the above,
axe head
perforated;
daggerwith
3 studs

Leaf shaped
arrowh^;
cow’s tooth
found with
skeleton, an
articleBate*
man says
uniformly
found with
the more
ancient in-
terments

Consisted of
420 beads
foundround
neok of the
woman’s
skeleton,see
‘T. Y. D.,’

figured, p. 26

This skeleton
had been
wrapped in
a dark red
skin, traces
of the hair
left around
it and on
the bronze
weapons,on
which are
also traces
of fern leaves
bywhich the
•body waa
surrounded.
‘T.Y.D,’p.
34
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Table VII.—Nbolithio and Bbonze AQE&—e(namued.

Namo'of Object Locality Date
Previous

Description
Where

De{x>sited
Length Remarks

Ins.

Skeleton ; bronze dag^ End Low, near 1848 Ten Years’ Bateman Col- H Skull en-
ger ; flint epcar head (Harting- Diggings,’ lection, Wes- graved in

toA) by T. Bate- ton Park Mu- Crania Brit.,
man seum, Shef- dagger fig-

fleld ured ‘ T.Y.

1848 ‘A De»rip-
• D.,’ p. 39

Fragments of flint

;

Moneystones 99 99
— —

fragments of skele- (H a r t i u g- tive Cata-
tons ; 2 skeletons

;

ton) logue of the
contracted flint spear Antiquities,

head ; flint chips 1 d*.c„ pre-
served in
tl«e Museum
of Thomas
Bateman ’

6 skeletons ; 4 flint im- Blake Low, 1848 99 99 • 99 99
—

plements : fragments
of urn ; contracted
skeleton of girl

;

bones of an infant :

Longstone
Edge

small vase : frag-
ments of small . ase

Burnt bones oi man ; Blake Low, 1848 99 99 99 99
7-5

skeleton oI child ; 2 Longstone; hgb
urns ; fragment of
flint

Edge

1848Contracted skeleton ; Middleton-by- 99 99 *9 99
—

flint spear head ;

flint arrow head ;

contracted female

Youlgrave

skeleton ; skeleton of
infant

Broken clay cup .
— The cups

Flint implement ;
frag-

*
highly or-

ments of cup; flint

arrow head ; part of a
namented

quorn
Fragments of skeleton ; Youlgrave 1848 99 99 • 9> 99 •

—
fragfbents of cal- (Greenstor
cined flint imple- Meadow)
ments ; bone spear
head

— 99 99 • 99 99 • 7

Contracted skeleton ; Borthor Low, 1819 99 99 • 99 99
—

flint arrow head ;

fragment of stone celt
Middleton

184.9

* • t.i*

3 contracted skeletons ; Grind Low, 99 99 99 99 • — —
some flint imple-
ments

Oyer lladdon

73 jet beads (necklace) Necklace fig-

Broken flint spear bead ured ‘ T.Y.
D.,’p. 48

Skeleton of infant ; Parwich . 1849 99 99 >9 99
— —

fragments of urn*
Contracted skeleton ; Vincent Knoll, 1849 99 99 •

99 99 •
. - —

—

- 2 skeletons ; flint im- (Parcelly
plement Hay)

Lower halfContracted skeleton ; Chelmorton, tf 99 • *9 99
4-5

leaf-shaped flint dag- Netherlow of dagger
ger ; flint spear head ;

skeleton ; flint flake ;

serrated

' fragment of hema-
tite ; jet bead ; 2
skeletons: flint arrow m
head ; flint imple-
ment

Contracted skeleton ; Cronkstone 1849 W 99 99^ >9
— —

circular flint imple-
ment; burnt human

Low (Hart-
'9 ington)

bones
A stone cairnBurnt human bones ; Minning Low 99 fl 99 »9 99 *

flint implements ; (Brassington) barrowwith
.broken bone imple-

’ ment
' N a later earth

mound at-
tached
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Table VII.—Neolithic and Bbonze Ages

—

continued.

Bronze dagger

Burnt bones *,fragmente Ballidon Moor „
of urn ; 4 skeletons

Contracted skeleton .

Burnt and uuburnt
human bones

' Fine um with burnt
bones

Flint arrow head
Skeleton of child ; frag-
ment of ornamented
pottery

Burnt bones ; flint

chips ; fragment of
stone celt

Burnt bones ; small
ase; fragments

Extended skeleton
;

flint implement

81 jet beads and plates

;

jeveraldisturbed ske-
letons f

Bronze awl ; skeleton ;

flint implement
2 contracted skeletons

;

large flintimplement

;

2 small flint imple-
ments

Burnt bones ; flint

chips
Fragments of 4 skele-
tons ; burnt bones

;

fragments of vase
;

bone implement
Contracted skeleton ; 3

bronze implements;
contracted skeleton

Drinking cup

RyestoneGrange
(Minning Low)

Flax Dale Bar-
row (Middle-
ton-by-Yonl-
grave

Calton Pasture
(Chatsvvortli)

Hasling Houses
(Buxton)

Hill Head
(Buxton)

Stakor HIU
(Buxton)

Vincent Knoll

Upper Edge
(Stemdale)

Crakcndalc
Pasture
(Bakewell)

BeeLow(Youl-
grare

Flint implement . .
—

Burnt bones ; bron^ —
pin ; skeleton ; 2 flint

implements ; frag-
ment of infant’s skull

Fragznentsofskeletons; MonsalDale
brokennm ; skeleton

;

skeleton of child; 2
flints

Previous
Description

Where
Deposited

‘ Ten Years’
Diggings,’
by T. Bate-
man.

‘ A Descrip-
tive Cata-
iogue of the
Antiquities,
&c. pre-
sepred in

theMuseum
of Thos.
Baienuiu ’

Bateman Collec-
tion, Weston
Park Museum,
Sheffield

1

99 • 99 99

99 • 99 99

ft 99 • 99 99

99 99 • 99 99

99 99 • 99 99

99 99 • 99 99

99 99 • 99 99

99 99 * 99 , 99

99 99 • 99 99

99 99 • 99 99

99 99 • 99

t

99

99 99 • 99 99

99 99 • 99 99

99 99 • 99 '99

4
99 99 ••

99 99

ff 99 • 99 99

ff 99 • 99 99

w

ff 99 • 99 ft

Dagger arch-
aic in form,
holes in it

for thongs,
no rivets,

dagger con-
torted by
fire

Ballidon Moor
barrow fig-

ured ‘T.Y.
D.,’ p. 60

Skull of con-
tracted ske-
leton is en-
graved’Ora-
nla Britan-
nlca,’ typi-
cal Brachy-

, cephalic
Urn figured

‘T. Y. D.,’

p. 69

Barrow fig-

ured ‘T: Y.
D.,’ p. 63

Skeletob per-
haps Saxon.
—T.B.

6'76 Clip oma-
hgh mented by

two varia-
tions of lo-

zenge pat-
tern
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Table VII.—Neolithic and Bbonze

Name of 0b|ect Locality

Numerous skeletous ; H
10 jet beads ; 8 flint Cressiirpok
arrow heads ; bone
pendant; contracted
skeleton

Um ....
Bone needle . . .

3 human skulls ;

small um
Flint implement ; skele*
ton of oliild : jet bead

Contracted skeleton of
child

Small liighly orna*
mented urn

Burnt bones
XJm with burnt bones

»

Bone pin . . .

Bone celt
2 skeletons of ckil*

dren
;

2 skeletons,
one a child

Flint spear head .

2 flint implements

;

skeleton ; ditto, con-
tracted ; 2 ef infants

;

flint arrow head

;

sandstone pestle
Skeleton ; broken pot>
tery

Burnt human bone

;

flint spear head ; bone
implement

Contracted skeleton ; 2
bone implements;
burnt human bones

;

2 flint implements^
child’s bones ; oon>
tracted female skele*

ton ; broken urn ; flint

spear head ; 2 bronze
fragments ; (cur*

Burnt bones .

Bones burnt and un-
burnt ; flint imple-
ments ; bone pin

Burnt bones
;

frag-

ments of urns
Burnt bones ; flint

arrow bead ; bone
implement

Small urn, coarse day •

2 skeletons, one a
child ;

contracted
skeleton

8 flint implements •

Bronze awl . . *

Contracted skeleton
Burnt bones; out and
charred wood

Previous
Description

Diggings,*

'A Descriptive
Catalogueof
theAut* uni-
ties, .&9.,
pre^rV^din
the Museum

Bateman

Oreisbrook

Hay Top, „
Oressbrook,
3nd Tumulus

Longstone
Edge

Near Stakor „
Hill (Buxton)

Hollings . • „
Minninglow * „

Stanton . . 1 1862

Waggon Low, I „
High Need-J
ham

Hob Hurst’s 1863
House, Bas*
low Moor

Where
Deposited

BatemanCollec-
tion, Weston
ParkMuseum,
BheMeld

9 1

99

tl 99

l> 99

ft >9

Skeleton in glass
case, B. Col.

32 99

>• 99

n 99

t»
1

*99

93 99

99 99

99 99

99 99

99 99

99 99

99 99

99 •9

H 99

99 99

99 99

In case, Bate-
man Collection

- —

99 99

Bernarks

7*251 Barrowfigured
hgh ‘T.Y.D.,’p.76

12 Barrow figured
hgh ‘T.Y.D.,’p.78

Fine mega*
lithic cham-
ber figured.
* T.y.D. p.83

Urns flower-
pot shaped

I
Barrowfigured
‘T.Y.D.’ pp.
87,88

The deposits
separated
by pebbles
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Table VII.—^Neolithic and Bbonze AQEa—^ntiMted.

Name of Object Locality Date
Previous

Desoription
Where

Deposited 1
Length

j
Bemarks

Ins.

Burnt human bones

;

Abney Ifoor, 1871? Barrows and The late Mr. B. — Large barrow

flint flakes ; chert large Barrow to bone oaves Pennington’s with vallum

^ke ; jet beads ; am- 1873 of Derby- coll. SorlOblocks

ber beads ; flint arrow shire, by of stone;
head Booke, Pen- equidistant

nington
9

round it.

Eaoh 8ft.

high ; now
destroyed

Fragments of pottery

;

Abney Moor, »> 22 2 22 22
—

2 flint flakes ; flint Small Barrow
arrow head ; frag-

ment of bronze

Skeleton Ozlow, Castle- ft 22 22 22 22
— —

ton
Stone hammer, pierced «...

22 22 22 12 22

Contracted skeletons

;

Gautriss, Bar- 22 22 22 1 22 Circular bar-

flint flakes ; flint ar-

row head ; bone pin

;

row row

broken urn
Contracted skeletons

;

Perryf oot, II 22 22 22 22
— Irregular ob-

numerous remains of Barrow long barrow,

funeral ban(;uet bones of
short-homed
ox, red deer,

roe deer,
horse, pig.

Also ‘Tumn-
goat, dog

Contracted skeleton

;

SIggett, Bar- 21 22 22
—•

bronze ring; jet bead; row li and Stone *

human bones; flint A Circles,*
flak6S Journal of

'> AnthropJn-
8tit.yol.iv.

p. 377
Um hand-Bude urn with burnt 1873 •> » H 22

bones

1

made with
thumb - nail

impressions

Skeleton of ohlld and 22 »* »» 22 22
—

/

burnt human bones

;

2 flint flakes; quartz
pebbles ;

fragments
of urn and burnt
bones

Skeleton of child ; flint —
22 »» »» 22 22

celt ; burnt human
bones

18 OrnamentedUrn writh burnt bones _
22 » »» 22 22

by pressing
twisted grass
on the wet

-

clay

Human bones, burnt High Low, 22 Also ‘Bellqu- 22 22
— —

-

Hathersage ary,’Vol.iv.
Celts with zig-2 bronze celts p. 63

1 zag orna-
mentation

Broken pottery — 22 22
— —

Human bones Cave . Dale^ 1872 Barrows and 22 12
—

Castleton Bone (ktves
This celt con-Bude pottery ; flint 22 22 22 22 22

—
flakes; bone comb;
bronze celt

1

1

1

1

‘ tains zinc

Fragment of jet —
22 22 22

1

22 22
— —

Broken perforatedham- Creep Hole, 22 12 22 22 22
—

. mer-head (sandstone) Castleton

Pottery Geliy or Har-
tledale Cave

22 21 22 22 22
Irregularly
ornamented
by punctures
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For a descriptive list of skeletons, sknlls, and bones from tbe Derbyshire

Barrows, see * Ten Years* Diggings,* by Thos. Bateman, pp. 256—278

;

also the ‘ Descriptive Catalogue.* Observations on the pottery will be

found in * Ten Years* Diggings,* pp. 279-987.

TabIiB yTJJL.’^Neoliihic and IBronzQ Ages,

Casual FIl^DS on Moobs, &o.

Name of Object Locality Date
4

Previous
Description

Where
Deposited

t Remarks

a. Stont ImpUments-r-
Oval flint scraper . Middleton-by- ‘ADworlptive Bateman CoUeo-

Ins.

Toulgrave Catalogue
of the Anti*

tion, Weston
ParkMuseum,

•

Quities Ac. SheflQleld

,

preserved in

themuseum
of Thomas
Bateman,
1855

8 flint implements .

Barbed flint lance
bead

Netu: Waggon
Low, Cronk-
fitonA

It

tl

tl

fl

9t

H
•1

ft

9
Figured in *A

Descriptive
Catalogue*

UO flint implements .
SI&1r 1839-

44
ft II 9f M B Amongst the

misoella-
neons flint

implements
are many
variedforma
including
numerous
arrowheads
undasBified

If It • •1 if
1844 it II 19 91

—• MM.

168 11 II
1811 ft II 99 91

mmm

8 flint arrow heads . II II
1846 II 9» 91 19

PM •M

1 If •I If II If II II 91
MM

M spear head • fi If II If II If 9t

103 „ arrows, &o, . It if II If II 91 99
MM

279 „ imiflements . fi II
1847 If 91 19 9t

PM mmm

i circularflintimple* If ft tl If 99 91 ft
MM mmm

ments
1848791 flintimplements . 11 It •I > 99 91 tt

mmm

4 0 arrowheads . It If If If 99 91 If
mm

4 „ spear heads . If It f> If 91 H 99
MM

Oral scraper . It •I fl' ft 91 91 99

Chert ball . . It It tt 91 99 91 99

1038 flint implements . It It
1849 19 99 99 •9

MM

14 „ arrow heads . If If •t tf 91 99 91
"

2 round ended flints II ft ft 91 91 99 91
PM*

206 flint implements . It ft 1860 91 If 99 99

84 n H • Dilland Hollow, ft fl If 91 H •M MM

Middleton
Fragment of celt . Middleton 1851 If II 99 99

PM MM.

418 flint implements . ft If It If 99 If
“

Bound ended flint f|
1862 If II 91 ft fl

Elliptioal flLlnt im- ft It If 91 99 91 8*
dia.

•M

plement
132 flint implements . if It II 91 91 91

6 „ arrows . .

Flint spear .

II

lib
II 91 19 9t

«M>

It II ft 91 If
MM MM

01 flint implemmits . fl ft If It 91 M MM

Pestle . • . ft
1854 fl tt 91 H

MMP,

Flint knife . • If tl It fl 99 19
MM MM

„ dagger . II M It tf 99 19 *l •PM

257 implements « • ^ M It II 9t 91 99
PM MM

4 flint implements . Hurdlow 1844 It ft 91 91
M—

.

PPM

o
^ If It • M 1848 It 19 91 It

MM PPM

3 » 11
1858 II II 1 99 19

^ ft ft • If 91 It 19 99
MM MM

Flint arrow head • SmerrlU Moor 1827 tl tt 91 It
MM PPM

ft If • If If
1842 ft

’

19 II •1
— MM

^ ff ft • If II 1845 91 99 ft 19
PMP —

W

Round flint « • II II tf ^ tt •I
1

ft 91
MM MPP

tt • • so tt 1846 ff If
PM. PMP
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Table yiII.<*-NBOLiTHia and Bronze Ages

—

eowtinued.

Nanufi of Object
Previous Where

Locality Date
Description Deposited

^
Bensrks

6 implements . Bmerrilllloor *A Descriptive Bateman Oolleo- —

-

® ** • •

Lance head . .

»» • •

Flint core . .

Bound edged flint .

Circular implements
30 implements . .

Spear’Lead . .

fl barbed arrows •

6 arrow heads . .

42 flint implements .

4 „ circular imple
ments

94 „ implements
41 »

Flint oircnlar im'
plement

Flint arrow heads

» »» •

„ scraper .

„ flakes

„ arrow heads .

2 round ended imple-
ments

43 flint implements .

Large flint arrow
head

Flint arrow head .

36 flint implements .

162 tt •

6 circular flints .

Oval scraper . .

Flint dagger . .

341 flint implements .

Slate implement .

606 flint implements .

4 arrow heads .

189 flint implements .

5 H arrow heads .

circular e<lged im-
plement

140 flint implements .

168 „ „
106 •

Flint spear head .

143 flint implements .

2 circular flints .

Eatrowheads.
12 flint implements .

6 arrow heads .

Brassington
Moor

Bakewell
Moor

Near Mam Tor

Win HUl,
Castleton

Bradwell Moor
Eyam
Bushup Edge
Bole HUl, Bnz-
ton

East Moor, Bas-
low
Newhaven
Lodge

Alsop

Liffs Low, Big-
pen

Catalogue
of the Anti-
quities,’ &o.,
preserved in
themuseum
of Thomas
Bateman,
1866 ’

tion, Weston
Park Museum,
Sheffield

92 22

* Barrows and
Bone Caves
of Derby-
shire’

1846 Bateman’s
* Catalogue
of Antiqui-
ties,’ 1866

Bateman’s Col-
lection, Shef-
field Museum
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Table YIIL—Neolithio and Bbonzb Aam—continued.

Name of Object Locality Date

Arrow head . Cold Eaton . 1844

8 *» • HawkdowPar-
wiclj

99

Circular ended flint Upper Haddon
Moor

Fine flint dagger .
a

29 22 1848
10 flint implements . 22 22 22

2 »» n • 22 22 1849
i® w »» • 22 22 1851
12 n »» • 22 22 1854
Arrow head . . One Ash . 1844
Fine dagger . — 1849

8 flint implements . Cold Eaton . 1845
2 arrow heads . Hartle Moor . 99

Fine lance head* . 22 12 1846
16 flint implements . 22 22 1847
11 lance heads . 22 22 1849

® »» »> • • 22 }$ 99

8 »» »» • • 22 22 1850
Bough circular „ . 99 22 1854

31 flint implements . Kenslow . . 1845
2 arrow heads . — 1849
6 „ implements .

— wmil
lArge implement . near Biggen • 1846
Spear head . 22 If 99

2 arrow heads . . 29 22 1847
19 implements . . 22 12 1852
1 dagger . 22

Arrow head . •
_

99

Large implement . Stonecliff
Quarry, Bar-
ley Dale

1846

«

10 flint implements . Orindieford
Bridge

22

Round M 29 22 1847
2 flints . Lomberdale . 99

Small round flint . 9* 22 1848
Circular flint . Arborlow 1847

IS flint implements . 22 22 92

Flint spear bead . 22 22 1848
26 „ implements . 22 22 99

12 ,j n • 22 22 1849
8 H ' » • 29 22 1850
Circular implement 9s 99 1854
Arrow head . liiffs Low Big-

geu
1849

Large implement .

a

Yonlgraye
Moor

1847

8 flint implements . 92 29

® »# w • 22 1848

» 92 • 92 1849

IP II • 22 1851
3 w 29 •

2 circular imple-
ments

12 1852

22 m
3 flint implements • Bingham Low 1847
^ 22 .22 • Tideswell 92

^22 22 • Birchover 92

® 22 99 • ParcellyHay . 1848
^22 29 • Hopton Moor . 92H 22 29 • Benty Orange

(Moueyasb)
99

21 22 • 22 1849

22 22 • 92 EEESlI
87 II II • 92 1851

Hint dagger • Andie Stone,
Stanton Moor

n

Oore 92 29 92

36 flint implements • Oldhams

.

92

Bound implement Gratton . . mm

Previous
Description

Wherel
Deposited

Length Remarks

* Bateman’s Bateman’s Ool-
Ins.

Catalogue
of Antiqui-
ties,’ 1855

92 12

leotion, Shef-
field Museum

» I*

#

99 99 99 99
—

29 21 22 99
— —

22 22 >>
—-

22 22 99 99
MM.

22 22 22 99
—

22 22 92 92
•MM

22 22 22 99
MMM

29 22 29 92
—

22 22 22 22
“ M—

22 22 22 99
—

92 22 29 99 .

MM.

22 91 29 99
—

22 22 29 99
— Tellow flint

22 22 19 99

22 22 29 99
——

92 92 29 99
MMi

29 22 22 99
—

22 22 22 99
—

92
*

22 29 99
—

22 22 22 99
—

29 22 92 99
—

29 22 22 99
•MM

92 22 29 99
—

22 22 29 99

22 22 29 99
«mm

22 22 29 99

22 92 99 99
— —

22 92 22 99 ..

— —
22 22 99 29

— —
22 22 9* 99

—
92 22 99 99

92 22 99 99
•MM

22 22 99 29
—

29 29 99 99

92 22 99 99
—

99 92 99 99
MMM

99 22 99 29
•MM

22 22 99 99
““

22 22 Sheffield Public •MM

22 22

Museum

99 99
_

92 92 92 99
•MM

92 22 22 99
•MM —

22 22 22 99
MM* MM.

22 22 29 99
•MM

22 22 22 99
***

22 29 12 99
— —

92 92 22 99
MM. —

#2 22 22 #9
MM« MMM

22 29 29 99 —
22 29 99 99

MMM —
29 99 •9 99

MM MMM

99 99 29 19
— M—

99 99 9» 99
MMM —

29 99 29 99
—

•

—
99 99 . 99 99

MMM MM.

29 99 99 99
—•

99 99 99 19
MM.

i

MM.

99 99 >9 99
— ~
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Table VIII.—Neolithic* and Bronze k<yE,B—continued.
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Name of Object

7 flint implements . Gratton . . 1 1854

6 „
10 >» »»

88 )•

Spear head .

6 flint implements

»* »»

Spear head . .

4 flint implements .

Arrow head . .

Spear head <

3 flint implements .

Spear head . .

10 flint Implements .

4 i» II «

Round edged flint

implement
12 flint implements
8 II II •

2 II II *

Flint arrow head .

8 flint implements .

Spear hehd . .

19 flint implements .

^8 II f> •

^11 n •

2 II »» •

20 ,1 II .

2 arrow heads . .

Arrow head .

3 flint implements .

88 I. II .

Arrow head •

63
Round flint .

5 flint implements .

28 II II •

9 1} II •

Arrow head .

Basanite arrow
head

14 flint implements .

Flint spear

Meadow Place
Sheldon Moor

.

Grindon Moor
Ell Meadows,
nearGrindon

Hartington .

Wild Park
(Derby)

Fire Wells
(Teddington)

Rowsley .

Lowfleld (Mid-
dleton)

CiOwMoor(Par-
wich)

Lady Low
Moneyash

Winster Moor

.

II f> •

Minnlnglow •

*11 •

Great Bocks •

^ *

Elk Low (Har-
tington)

Longstone .

Rowton Hall .

Cowlow .

Vincent House

Pike Hall ”
.

Bonsai Moor .

Monsal Dale .

Buxton . .

Table IX.

—

Neolithic and Bronze Ages.

Note on the Burials Recorded by T. Bateman.
(Compiled from ‘ The Barrows and Bone Caves of Derbyshire.’)

Corpse Extended Corpse Contracted Corpse Burnt Total

I. Barrows containing Stone Implements only.

il. Barrows containing Stone and Bronze Implements.

12
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Note.—The late Mr. Booke Pennington, from wbose worJc the above
data are derived, has shown that infanticide was probably not nncommofif

daring the Neolithic and Bronze Ages, no fewer than twenty-three oases

of children’s bones baried with adults having been found in the Barrows,

the ages of the children being between four years and ten years. The
adults were very frequently females. Of the twenty-three cases only

four occurred in Barrows containing bronze alone, and one in a Barrow
where the two classes of implements were mixed.

The general practice amongst the Neolithic populations and those of
the Bronze Age seems* to have been to bury the bodies in a contracted

position, the knees being drawn^up towards the chin. Cremation was also

very generally prevalent during the whole period.

Third Report of the CommitteeyConsisting of Sir Joseph D. Hooker,
Sir John Lubbock, Sir George Nares, General J. T. Walker,
Sir Leopold McClintock, Admiral Sir George H. Eichards,
Professor Flower, Professor Huxley, Dr. Sclater, Professor

MoSeley, Mr. John Murray, General Strachby, Sir Willlim
Thomson, and Admiral Sir Erasmus Ommanney {Secretary) y ap-^

pointed for the purpose of drawing attention to the de§irahil/ity

ofprosecuting further research in the Antarctic Regions,

Since the meeting held at Manchester last year the above Committee
have been in communication with the scientific bodies in Australia, New
Zealand, and Tasmania. These colonies have manifested a very great
desire for exploration of the Antarctic regions, which is strong^ advO'-

cated by their respective Governments. The result is that the Govern^
ment of Victoria voted the sum of 5

,
0001. towards an expedition, pro-

vided that the Imperial Government contributed a similar grant.

The Colonial Office submitted the application to H.M. Treasury for

favourable consideration, who sent it to the Boyal Society for their
report on the expediency of the undertaking. A very influential com-
mittee was accordingly appointed by that learned body to consider the
matter. The reply from the Royal Society together with a letter from
the Colonial Office and the Treasury are annexed herewith, which snf*
ficiently explains the motives for declining to make the grant.

It may be inferred from the tone expressed in the official letters that
H.M. Government is favourably disposed towards the despatch of an
expedition efficiently equipped for the perils of Antarctic research. It is

therefore to be hoped that the leading scientific societies and men of
•eminence in this country may combine in preparing a case to submit to
H.M. Government that will justify an appeal to Parliament for an expedi-
tion being prepared on a scale equivalent to the one which met with such
valuable results under Sir James Boss.

It should be stated that the subject has been brought under the notice
•of the Admiralty, and your Committee have met with the support of the
Boyal Geographical. Society and other influential bodies, besides eliciting

favourable encouragement from men of great eminence in the promotion
of science.
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Your Committee, having thus given publicity to this desirable project,

fbel that their services are no longer required at present, but they trust

the Council of the British Association may embrace an early opportrnity
for approaching H.M. Government to carry out this noble work of

research into the Antarctic regions.

Downing Street, December 12, 1887.

I am directed by the Secretary of State for the Colonies to transmit to

yon, to be laid before the Lords Commissioners of the Treasury, a copy of

a letter from the Agent-General for Victoria, irflpiiring whether Her
Majesty’s Government will contribute the sum of 5,000Z., in the event of

the Australian Colonies making a like contribution, towards the cost of

an Antarctic exploration. Copies of letters on the subject are also en-

closed from the Admiralty, the Royal Colonial Institute, the Royal
Geographical Society, and the Royal Society, which their Lordships will

observe are all in favour of the co-operation of Her Majesty’s Government
in this work. A reference was also made to the Board of Trade, and it

will be seen from the accompanying copy of their reply that in their

opinion it does not appear necessary in the interests of trade that Her
Majesty’s Government should contribute towards the expense. The
Board of Trade do not, however, seem to have regarded the probability of

a considerable trade in sperm oil and other products of whale fishery

arising in the future, or the importance of the expedition for scientific

purposes, which it is believed would constitute the principal object of the

expedition, and the value of which is strongly attested by the Royal
Geographical Society and the Royal Society. Sir H. Holland trusts

their Lordships will give their favourable consideration to this application

on behalf of the Government of Victoria and consent to the contribution

of the sum of 5,000?. towards the scientific objects of the expedition. It

would seem undesirable for Her Majesty’s Government to take any direct

share in the equipment or management of the expedition.

lam, &c.,

John Bea||ston.
The Secretary to the Treasury.

Treasury Chambers, January 3, 1888.

The Lords Commissioners of Her Majesty’s Treasury request you to

inform Secretary Sir Henry Holland that they have had before them Mr.
Bramston^s letter of the 12th ultimo, submitting for their favourable con-

sideration an inquiry, made by the Agent-General for Victoria, whether
Her Majesty’s Government would contribute 5,000?. towards the cost of

an expedition to explore the Antarctic regions, if such an expedition were
undertaken by the Australian Colonies. The objects of this expedition

would be (1) the promotion of trade and (2) scientific inquiry. But the

department best able to judge of the first does not think the interests

involved sufBcient to justify the proposed imperial contribution ; and the

general result of the communications regarding the second object, received

from scientific bodies, is to show that an expedition on the scale contem-

plated could do very little in the way of scientific investigation, and would

have to be regarded simply as a pioneer of future more complete and

costly expeditions. In view of tiiis testimony, and of the many other

pressing calls for imperial aid which they have felt it necessary tb refuse,

my Lords do not feel that they would be warranted in asking Parliament
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to provide the proposed contribution. They arrive at this conclusion, how-
ever, with sincere regret, and would have' been glad to have co-operated

witb the Australian Colonies in an enterprise having something more
than a merely commercial purpose. Perhaps, however, my Lords may
be allowed to regard the present proposal as an indication that if any like

expedition be undertaken hereafter by the Imperial Government some
of the British Colonies more closely interested in it might not be un-
willing to contribute towards its cost.

C. G. Barrington.
The Under-Secretary df State, Colonial Office.

The Committee appointed (October 27) to consider and report upon
the letter from the Colonial Office having reference to the question of an
Antarctic expedition beg leave to embody their report in the following
draft reply :

—

Sir,—Your letter of August 27, with enclosures relative to a proposed
Antarctic expedition, has been carefully considered by the President and
Council, with the assistance of a committee consisting of Fellows of the
Society specially qualified to form a judgment on the matter, and I am
directed to reply as follows :

—

Many observations of great scientific value might be made in the
Antarctic regions, and it would be very desirable in the interests of
science to embrace an opportunity of making them. Among such
observations may be mentioned, in what is perhaps the order of their

importance

—

1. Hydrographical observations, especially with regard to the distri-

bution of open sea.

2. Meteorological observations, especially with regard to the barometric
pressure and the direction of the winds, to which may be added observa-
tions on the Aurora australis.

3. Magnetic observations, more particularly with a view to determine
the changes which have taken place in the magnetic elements since the
expedition of Sir J. Boss in 1839-43.

4. Observations on the temperature of the ocean and on ocean
currents.

5. Soundings and dredgings and observations on the. nature of the
sea-bottom.

6. Collections and observations on the marine fauna and flora.

7. Should land be anywhere discovered geological and biological

observations thereon would be of exceedingly great value.

It is obvious that an expedition adequately prepared and equipped
to carry out all the above various observations would involve an expen-
diture far exceeding the 10,0001!. mentioned in your letter

;
but the

President and Council are led to believe that this sum would suffice for
a smaller* pioneer expedition, which, while avowedly not designed to
undertake an exhaustive inquiry, would be able, under competent
direction, to make a careful survey of the northern boundary of the
circumpolar ice region to determine approximately the distribution of
open water and the direction of oceanic currents, to take magnetical
-and meteorological observations, and, .by means of the tow-net and the
dredge, used at moderate depths, to collect pelagic animals and plants.

The results of such a general survey, even though not wholly com-
plete, would not only of themselves be of great interest and value, but
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also be of paramount importance in guiding a decision as to the
desirability, or the contrary, of sending out in the future expeditions
more thoroughly equipped for special observations, and in preparing the
way for such expeditions, should the preliminary results seem to render
these desirable*

Should H.M. Government, therefore, decide to accept the proposal of
the Government of Victoria, and to place the sum in question on the
^timates of the coming year, the President and Council will regard that
decision, with great satisfaction, and I am directed to say that such
forther assistance or advice as they cai* give is .at the service of H.M.
'Government.

^

In their deliberations on the matter the President and Council were
much assisted ‘ by a memorandrm drawn up by Admiral Sir G. H.
Kichards andianother by Sir J. D. Hooker. These memoranda, written
by gentlemen having very special qualifications derived from exceptional
experience for offering important suggestions, contain so much that is

interesting and valuable that copies of them have been enclosed with this
letter. Should you think it desirable that the Colonial Governments
ehould be acquainted with these memoranda copies of them will be
placed at your disposal.

I have the honour to be, &c.,

(Signed) M. Foster.

Report of the Committeey coneiatmg of Dr. Alex. Buchan, Professor

McKendrick, Professor Chrtstal, cmd Dr. John Murray (^Secre-

tary), appointed for the purpose of aiding in the mai/ntenance

of the establishment of a Marine Biological Station at Oranton,
Scotland,

*

During the past year the Committee have maintained, for the use of
naturalists desirous of making use of them

—

1. A laboratory at Granton, near Edinburgh;
2. A small laboratory at Millport, Cumbrae, in the Firth of Clyde

;

and
The steam yacht * Medusa,’ which has been employed throughout

• the year carrying on continuous physical and biological obser-
vations.

A large number of naturalists have availed themselves of these facili-

ties, and many important investigations have been carried on and the
results published. Papers on some of these will be submitted te this

meeting of the Association by Dr. Mill, Mr. Hoyle, and others. A large
number of specimens of the British fauna have been sent to the British
and other Museums.

. The Committee believe that these investigations are of much value,
llbd should be continued and the laboratories maintained as heretofore;
and with this object they beg to recommend that a further grant of lOOZ.
should be made by the Association to aid in the maintenance of the
Scottish Marine Station during the ensuing year.
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Report of the Committee^ consisting of Mr. H. Baubrman, Mr. F*
W. Kudler, Mr. J. J. H. Teall, and Dr. H. J, jQHNSTON-LAViSy

appointedfor the investigation of the Volcanic Phenomena of
Vesuvius and its neighbourhood, {Drawn up by Dr. H. J*

Johnston-Latis, F.G.S,^ Secretary.)
•

The reporter is glad to be able to announce that since last year some
very interesting additions to our knowledge of this region have been mad^,
some of which have a very important bearing on general questions in

vulcanology.

Geological Ma/p of Vesuvius and Monte Somma .—It is with a feeling of'

relief that the reporter is able to lay before the British Association his

work in a completed state. The preparation of the last sheet gave equal
trouble with the other three of the south side of the mountain, the district

being covered with habitations and high garden walls. The mapping or
the dykes of the Atrio del Cavallo, which had been left from the other
sheets, was carried out during the month of June of this year, and required

residence near the Observatory. As far as space and a plan map of a very
steep section would allow, all the principal dykes have been marked in.

The reporter has numbered forty of the more striking of them in large

figures, from one to four feet high, in white paint, which correspond to

similar numbers on the geological map. Specimens of the salband ani
interior of all these have been collected, and will be subjected to suitable*

investigations ;
also notes regarding the characters as observed in the field,

together with thickness, &c., have been made. An examination of this

section has revealed at least half a dozen hollow dykes, similar to that

giving rise to the eruption of May 2, 1885, which the writer was able to*

study the formation of and describe, and has since observed at Stromboli
and V ulcano. Amongst those of Monte Somma, one was observed full at

the lower part of the section, but hollow at the upper, showing that it had
just drained out to the level of the parasitic cone or lateral eruptive mouth
that bad been formed.

Most important, however, was a dyke near the western end of the
Atrio section, which can be seen to be a hollow dyke refilled, and the
second filling to have been in part drained out, leaving a lava tunneL

The object of numbering the dykes in white paint is to identify tnem
both on the map and in the field, and to serve as a guide to anyone who*
mp.y care to investigate them. Many years since R. Mallet numbered
twenty-seven of them in red (not sufficiently conspicuous), but no signs

of such could be met with. It would be well worth the trouble to have^

these numbers repainted eveiy two years, which could be done by any
ship’s painter for a few francs.

State of Vesuvius.—During August 1887 the crater of 1885 had not
further increased. It, as mentioned in the last report, was divided into

two crateral depressions, the active being the easterly one. To its norfii-

side there is still visible a. remnant of the old 1881-2 rim, whilst its*

southern was split by a deep gully, the remains of the 'old fissure above
the dyke that gave origin to the lava outpour of May 2, 1885. Ah
attempt was being made to build up a cone of eruption. During the whole
time since then this cone of eruption has been growing, and has now
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reached nearly to the level of the crater edge (June 10, 1888). The
activity of the volcano has been most constant, generally ranging from
first to second degree, and never exceeding the third. Lava, as in my
last report, has continued to fiow without cessation, varying slightly in

quantity. It has* been chiefly occupied in oozing forth in difierent parts

of the Val d’Infemo, which it has further choked by piling up hills of

no, considerable volume.
An examination of the materials withdrawn from Busso’s well at

Ponticelli, mentioned in last year’s report, is not yet complete. It will be
remembered that after descending nearly 50m. below sea-level, leucitic

lavas were met with, with a thickness of o>fer 50m. Beneath these lavas,

from 105*44m. to 107*50m., beautiful rounded pebbles and sand are met
with. These consist of rounded fragments of a trachyte which strikingly

resembles that of the larger mass met with in the tunnel of the Gumana
railway at Naples. More important, however, were beautiful black
pebbles of a typical basalt, indicating that either from Vesuvius or the
neighbouring volcanic region this rock had been poured out at an early

date in the history of the eruptive activity of this region.

This discovery is of still further importance in regard to theorising on
the sequence of rocks erupted in a given region, which will be further on
referred to.

*

Excavations near Naples.

Cumcma Railway,—Geologists, engineers, and contractors, all believed

that the hills which back Naples, and are prolonged into the promontory
of Posilippo, consisted of a fairly uniform mass of yellow tuff. In last

year’s report mention was made of large masses of trachyte being found
in the new railway tunnel, which is now near completion, and exhibits

from beginning to end sections of deep interest, both local and general.

Investigations are being carried on continually from the stratigraphical,

lithological, peCrographical, and chemical aspects of the subject, but are not
yet complete,and therefore will only be referred to in general. Entering the
tunnel from Monte Santo, we meet with 530m. of tuffs, which are capable
of various subdivisions. From this point to 910m. one continuous mass
of trachyte is met with, that is for near upon half a kilometre. This
trachyte is in some places compact and very fine grained, in others soft

and spongy. At some spots thick beds of sodalitic fine-grained scoria

covering the surface* may be seen, and in other places beds of blacker-

scoria, as if near an eruptive cone, occupy a similar position. The sco-

riaceous surface continuous with the underlying compact trachyte mass;
could be well seen at 730m. Unfortunately much is soon covered up by
masonry, so that frequent visits must be made to keep one thoroughly au-

courant of the discoveries.

This mass of trachyte is followed by yellow tuffs with variable coarse-

ness, compactness, and other characters, which graduate into a greenish

grey mottled with yellow tuff, and this eventually into a pure greenish,

gr^ tuff. We have most distinct evidence of the gradual formation of a.

yellow tuff ^from a compacted mass of fragments of pumice and scoria-

The process is distinctly due to the Jbydration
.
of the glassy part of the

pumice and scoria. In many examples the surface of a block of pumice
nas undergone this change, leaving an unaltered nucleus. The chemical
and microscopical changes involved in this process are undergoing investi*^

gation, and will soon be published in full.

1888. T
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Later on yellow tuffs appear again, until at 1,890m. Ae great mass of

trachyte, referred to last year, continues for 110m. . This will probably

be looked upon in future as the most beautiful specimen of sodalite trachyte

known, whilst its cavities, where the rock is vesicular, are lined by
some six or seven species of minerals. At both ends it is seen to be
limited by an escarpment, against which a talus of its own blocks exists,

and over these, but similarly inclined, a number of pumice and ash beds,

followed by compact tuffs. The remaining part of the tunnel is out in

the compact yellow tuff of the district, except near its mouth, where
it is overlaid by the usual loose pozzolana. The same railway traverses

the Posilippo ridge parallel^ to |the two existing tunnels, but, like them,

traverses compact yellow tuff.

On the road to Pozzuoli, just beyond the thermo-mineral baths of La
Pietra, of Bagnoli, a yellow tuff has been cut down, upon which exists a
raised beach composed of large, more or less rounded, masses of the same.

In the interpaces between these, as the result of solfataric action, beautiful

branched efflorescent masses of gypsum were met with, attached to the

surface of the tufa.

Not far beyond this, a tunnel is in course of construction which runs
parallel to the cliff and road, and only a few metres from the surface. The
beginning, or Naples end of it, is cut in sand, breccia and gravel constitut.

ing the raised beach underlying the trachyte eruptions of the solfatara,

and eventually enters the deposits of black scoria belonging to the same.
The heat is so intense that work was suspended till the ventilating windows
and shafts, now being made, be finished.

The last point of importance on this line, is the tunnel intended to be
cut through the hill of Baja, of which in the last report doubts were
expressed as to the practicability. This work has only been commenced
a few days, at the entrance beneath the baths of Nero, but the altered

pumice in the tuff, deposits of silica in fissures, and a gradually increasing

temperature seem pretty sure indications of the difficulties to be con-
tended with.

CoUettore Pluviale delle Golline.—The main collector of the pluvial water
from the hills backing the west of Naples is now nearly complete. It may be
said to run roughly parallel with the Cumana Railway tunnel, but at some
distancefrom it and at a lowerlevel. In thisa mass oftrachytewas traversed
for 28m. It differs from both the masses of the Cumana Railway tunnel
in some of its characters, but approaches mostly the smaller one to which
it is more nearly situated. What is very interesting about it is that its

fissures (it is not vesicular) are often lined by beautiful octahedra and
pseudoprisms of what was once sodalite, but is now nothing more than a
shell, of bright brick-red colour, of a mixture of substances which has
replaced the original mineral. In some places the latter is unaltered,
and all gradations can be met with in the process. This mineral and its

products are accompanied by many needles of titanite, ii^phibole, some
zeolite, &o. This trachyte is enveloped in the Rione Amedeo tuff, but
going west this is overlaid by the usual compact yellow tuff, and
eventually pozzolana. In the tuff near the trachyte blocks of pipemo
were met with, and in the Rione Amedeo large masses of grey plastic

clay (Pliocene), quite unaltered and containing many fossils.

Funicular Railway of Rione Amedeo,—This work, composed principally

of a tunnel with some open cutting, is placed above and at right angles
to the Cumana Railway and the Pluvial Collector, and joins a side adit
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from the former. We have at its lower part Bione Amedeo tafij snper-
imposed upon which come beds of pnmice and ash, continuous with the
well>known synclinal fold of these beds on the Corso Vitt. Emmanuele.
Above this comes the common yellow tuff.

Funicular Bailway of Monte Santo.—This is only in the early stages of
construction, but is likely to afford very important data for disentangling

the complex structure of the Campi Phlegrem. Entering the tunnel from
the Oorso Vitt. Emmanuele, some four metres (vertical measurement) of a
loose brown pozzolana are met with, in which occur fine-structured, dirty-

white pumice. This is overlaid by a bed of smalUwhite pumice lapillm

without any accessory or accidental ejectamenta superimposed, upon
which comes 4m. of similar pumice, interstratified with thin bands of
pozzolana of buff or red colour. Upon these deposits we have another
greyish-white pumice bed 0‘80m. thick, and composed of large masses, up
to the size of a cocoa-nut. The upper part of this pumice has under-
gone a peculiar reddening, which 1 shall refer to later. Above this

is a black ash-band OTOm. thick, and then about 4’50ra. of grey
pipernoid tuff, the lowest 0*30m. of which is red in colour, and
shades into the grey above. This tuff is identical in character with
similar tuffs of Sorrento, Nocera, Capua, and Roccamonfina, and con-

tained a small block of piperno with large marialite crystals. Super-
imposed on this comes 2‘50m. of coarse breccia of reddish pumice with
numerous large blocks, consisting of pieces of vitreous piperno, sodalite

trachyte, a bright red vesicular basic rock (andesite ?), pyroxenic lava

(dolerite ?), tuffs of various kinds, and pieces of black obsidian. At the

opposite or descending end of the tunnel only yellow tuff has, so far, been
met with.

To appreciate the value of these sections, it is necessary to refer to

some others in the neighbourhood. The breccia bed in this section is

identical with that overlying the piperno of Pianura and Soccavo. The
banded ash and pumice beds are identical with some seen underlying the

above-mentioned breccia behind Soccavo, and the grey pipernoid tuff is

stratigraphically in the same position as the piperno of those localities

;

besides, it contained a most characteristic fragment of that rOck, made
doubly certain by the marialite crystals. The facts, 1 think, are sufficient

to satisfy anyone that piperno and this grey pipernoid tuff are derived

from the same source. But beyond this, at Fossa Lupara, between
Nocera and Samo, this same grey tuff is red at the bottom and reposes

on a reddened pumice, like that in the section of Monte Santo
Funicular Railway tunnel

;
whereas, at the Codola tunnel, near Nocera,

a thin bed of white pumice underlies the grey tuff.

In. both these cases the pumice is smaller, and in the latter small in

quantity, as if transported aerially from a great distance. These con-

clusions immediately bring up in our thoughts the unsettled question as

to what is the piperno of Pianura and Soccavo. There it has all the

compactness of a lava, with distinct evidence of flow structure in its

components. Elsewhere it looks like a tuff. It is supposed by some to

be a metamorphosed or refused tuff in places ;
but if that were so the

underlying pumices at Soccavo should have been similarly altered.

Besides, at Soccavo, at the west end of the section, two distinct beds of

|)ipemo may be met with (I believe so far unnoticed by other observers)^

intentratified with, similar materials as far as heat could influence them,

whilst the pipernoid banding of the ejected blocks immediately overlying

Y 2
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tbem is oriented in all directions, a fact sufficient to negative all question

about refusion or metamorphism, unless this took place on the surface of
the ground. Lastly, pieces of peculiar yellow tuff enclosed in the massiye

pipemo, in the overlying breccia blocks atPianura, at Socc^vo, and also at

l^aples, are quite unaffected by fusion, or changed more than what would
occur by being caught up in a quickly cooling lava stream. Two ezpla>

nations remain open to my mind. First, piperno is a true lava, of which
the grey tuffs are the cinders and ashes of the more explosive stage of the

eruption or eruptions. Against this we have the stratified structure of

piperno, independent "of its banding due to the presence of more or less

in number of the enclosed blacker lenticles, and secondly, the long, thin

bed of uniform thickness o£^the upper piperno of Soccavo. Secondly, the
eruption of magma towards the end of at the beginning of an eruption,

fairly free from aqueous inclusion, which, falling still hot, became more or

less fused together in the immediate neighbourhood of the vent, as mi|>y bo
seen at any active volcano. In favour of this we have the fact that often

the piperno appears to be composed of fragments in part fused together,

as if the heat were insufficient to complete the operation. In both cases

we must suppose a mixture of two magmas. They may, howe'^er, be
nothing more than the same one, part from the uppei*, cooler portion of

the chimney and part from the lower, hotter and more aquiferous, just

as in the banded trachytes of Palmarola. This is supported by the ejected

blocks having the black part composed of obsidian, whilst the grey, is

much more vitreous than the massive rock.

To limit this report, the remaining conclusions are given categorically,

open to correction in the studies to be published in full :

—

The oldest rocks, so far known in mass near Naples, are the sodalite

trachytes of the Cumana tunnel. These are overlaid by the Rione
Amedeo tuffs, probably the explosive eruptive products of the same
magma.

This is followed by the Pianura volcano, all the southern part of
which has been destroyed by later explosive eruptions, and by the erosion

of the sea, which deposited the raised beach of the Lucrine Lake, ruined
the south of Monte Barbaro, deposited the Starza Cliff and the raised

terrace of Stabia and Gastelammare.
That this volcano was the main month (perhaps with others) from

which was derived the grey tuff of the Campania, Terra di Lavoro, Ac.,,

and the breccia beds, and to which belongs the lapillo bed near the Parco
Grifeo of the Corso Vitt. Emmanuele.

That the eruptions of Boccamonfina were earlier than the eruptions of
the Pianura volcano, but that Vesuvius was in great part later, becauso
no signs of grey tuff can be met with in the A trio section, and because
the nearly complete series of Somma pumices can be seen overlying the
grey tuff at Nocera.

That volcanic activity has followed a regular course southwards on
the mainland of Italy.

That the yellow tuff of Posilippo, Ac., is later than these deposits upOD
which it is superimposed, thus constituting, with the underlying segment
of the Pianura volcano, the highest point near Naples, that is Camaldoli.

And that in all probability these yellow tuffs were derived, in part^t
least, from the Monte Barbaro and Campiglione volcano.

That any attempt to study the sequence of magmas in such a region
is impossible till the whole history is carefully marked out, as showQ hy
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the presence of basic and acid rocks amongst the ejected blocks of the
pipemo volcano.

That the flnoriferous metamorphism of limestone in the grey tuff

occurs only where the allavium of the buried limestone mountains en«

vetloped fragments of that rock.

Artesian Borings and Sections at Pozzuoli.—^Nine more borings have
been made on the coast and in the sea at from 100m. to 150m. from
the temple of Serapis. Along the sea-border, historic deposits were
met with at from 11m. to 18*24m. in different borings

;
at 30m. from

the beach historic deposits reach 9'3^m.
;

whilst at 50m. distant,

in two borings they were traversed ttr* 21m. and' 22m. At 140m.,
beneath 5m. of water, rounded bricks and pottery-fragments ex-

tended down to I4m. and 15‘50m. respectively in two borings. Beneath
the historic deposits, nothing but sea-sand and mud were met with

;
but

none of the borings extended much beyond 20m. At ono point hard
rock was struck at a small depth, and four other borings were made
within a few yards, ajl touching hard rock. It is much to be regretted

that none of this was detached for examination.

Nothing of any importance is demonstrated by these deposits expept

the -very considerable deposit filled by brick, pottery, marble and other

fragments, and still further confirming the depression of this region.

Ill catting the new road opposite the main entrance to Sir W.
Armstrong, Mitchell & Co.’s Works, a raised beach of post-Roman age
was exhibited, with clean sand, many pebbles of bricks, marble and
founded fragments of mosaic. There are masses of wall fallen from the

cliff-edge above as it was cut back by the sea, in which the edges, angles,

Ac., had been much rounded by the waves. The highest point, so far as

this beach was exposed, occurs at 3*75m. above present mean sea-level.

A similar condition exists against the foot of the Villa of Cicero (i.e,

the ruin beneath the Villa Armstrong), and west of the extremity of the

valley in which the new reservoir has been constructed. There this

beach reaches to nearly 5m. above mean sea-level. We have in these

two localities distinct evidence of depression of the coast haying
reached at least 5m. lower than at present'; evidence quite independent
of that afforded by the temple of Serapis. At the moment that the land

was at its lowest, the cliff was cut back considerably, causing thef old

Roman**f(ftindation to be exposed and in part to fall, to be broken up and
rounded by the sea.

Ctose to the main entrance of the Armstrong Works the shrinking

pit has been sunk to a maximum depth of about 15m., 12 of which are

Mow sea-level. Various beds of lapillm and pumice were met with, and
near the bottom many ejected blocks of a peculiar trachyte, together with

tuffs, some of each much altered by solfatario action. Most interesting

was a peculiar mica-diorite (?) containing much pyrites. This rock I

have occasionally met with elsewhere in the region
;
but it is always of rare

occurrence. Professor Roth, of Berlin, who examined the specimens

with me in sttu, expressed great interest and astonishment at their occur-

rence. These are reserved for further study. The influx of water into

the excavation was interesting, that on the side of the sea being very

ealt, whilst a cascade of warm mineral water flowed from a fissure on the

land side, the two keeping a 20-horse pump constantly at work.

This report is but a slight sketch of the observations being carried oU,

which require constant and untiring attention. Even as it is, great
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difficulty is often encountered in keeping pace witli new exposures,

borings, or sections, which are quickly built-up, choked, or otherwise

effaced. In a region which is taken as a type, and upon which thousands

of pages have been written, every new fact is of great general importance

in elucidating man> of the most important questions in dynamical geology.

In conclusion, I would express my thanks for kind assistance to Mrs.

Guppy and my wife; and to Messrs. D. Roberts, Ohartier, W. H. Sell,

Ohlsen, A. Minozzi, and many others, in either providing me with

specimens, data, or permission to visit their works.

Report of the Committee, consisting of Mr. John Murray {Secre-

tary), Professor Chrystal, Dt. A. Buchan, Rev. C. J. Steward,

Hon. R. Abercromby, Mr. J. Y. Buchanan, Mr. David Cun-

ningham, Mr. Isaac Roberts, Dr. H. R. Mill, and Professor

Fitzgerald, appointed to arrange an investigation of the

Seasonal Variations of Temperature in Lakes, Rivers, and Es-
tuaries in various parts of the United Kingdom in co-operation

with the local societies represented on the Association.

The work of the Committee has been confined to testing the methods for

carrying on a series of systematic general observations on the temperature

of the surface water in streams, lakes, estuaries, or sea. To be satisfac-

tory such observations must be conducted simultaneously for a period of

several years in as many parts of the country as possible, volunteer

observers will be necessary, and for this purpose it seems to the Com-
mittee eminently desirable to obtain the co-operation of local societies,

the members of which might feel disposed to take up the work for a
definite time. During the present year a commencement has been made
in Scotland. There were twenty observers at work for the Committee,
supplied with thermometers of a uniform pattern. Observing books
ruled for date, hour, temperature of air and water, and remarks on state

of river and weather, were provided, with full printed instructions at the
beginning of each book for properly and uniformly making the observa-

tions. The names of observers and their stations were as follows, and we
have to thank these gentlemen for their services

Rivers, &c. Observers Observations begtm
Observations
ended or still

proceeding

Tay . • Mr. P. Dow • • December 6, 1887 May 15, 1888
• « Mr. W. Wilson . • • 99 99 99 M 14 „

9$ • • Mr. A. M. Mechi • m 9t 14, „ April 24 „
Tummel . • Mr. J. Kennedy • • January 26, 1888 Proceeding
Lochy Messrs. Macnair k McEae 99 4 „ March 30, 1888
Dochert . i> >» 99 99 99 April 80 „
Almond . Mr. J. Paterson • 99 99 99 Proceeding
Earn • Mr. John Ellis . • 99 18 „ 99

Aray • Mr. G. Taylor . • December 19 „ 99 ^

Thurso • Mr. D. Coghill . • • 99 26, 1887 99

ft • • Mr. A. Harper . • • January 10, 1888 July 18,1888
Wick • Mr. J. Simpson • • 99 28 „ Proceeding

• Mr. J. Mcl^y . • • 99 16 „ April 1888
Loch—

T

ay • Messrs. Macnair Jc McRae 99 4 .. i» »
; SsA^Scrabster Mr. Watson Kerr • • February 22 „ Proceeding/^
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hUt of Thermometers broken.

Cause of Breakage Number
In transit ........... 6
During observations 7
By accident when not in use 1

Unaccounted for 2

Total • 16

Accurate mercurial thermometers by Adie & Wedderbum, divided
on the stem and fitted into copper caser, and costing 7s. fid. each, bad
previously been used

;
but the expense incurred iJy accidental breakage

was great, and as many of the observers ruad only to quarter of a degree,

it seemed unnecessary to employ such delicate instruments. A number
of small mercurial thermometers with cylindrical bulbs, and provided
with paper scales divided into Fahrenheit degrees from 10° to 120°, were
accordingly ordered from Germany, and supplied at the rate of 15«. per
dozen.

Japanned tin cases were made in Edinburgh for 13s. per dozen, in-

cluding an outer tin case for travelling, the total cost being thus 2s. 4d.

each. All the thermometers were compared with the Kew standard in

the Chemical Laboratory of the University of Edinburgh, and the

corrections noted ;
these rarely exceeded 0*2°, and in many cases were

negligeable. The instruments appear quite suited for the work, and can
be replaced when broken at a trifling cost. More careful packing will

practically obviate breaking in transit, and as the observers gain ex-

perience accidents occur less frequently. The observations on the Tay
river system are of particular interest, as there were a number of stations

on the main river, its tributaries, and feeding lakes. The curves for the

various stations from December or January down to April, and in some
cases to July, show distinct differences, due to the nature of the country
drained by the rivers and to the altitude.

The care and regularity with which the observers in general carried

out their work convinces us that it is quite practicable to can^ on the
observations on a large scale, and that it is desirable to extend ^ to

England as well as to enlarge its scope in Scotland. Your Committee
accordingly recommend that they be reappointed, with a grant of 50?. to

be expended as follows :

—

£
Clerical assistance .20

* Observation books and circulars ....... 16
Thermometers .... 10
Postages of instruments, books, &c 5

Total • • 50

The Secretary desires to say that while he has taken the general

oversight of the work, the actual arrangements have been mainly carried

out by Dr. H. R. Mill, assisted by Mr. John Gunn of the ‘ Challenger *

office. The Secretary also begs to resign his position, and the Committee
recommend that Dr. Mill be appointed in his place.

, Several stations besides those included in the above list have been

lately established, but sufficient time has not yet elapsed for the observers

,to have collected data sufficient to be reported upon.

A discussion of the more important results of these observations will

be submitted to this meeting by Dr. MUl.
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Report of the Committee^ consisting of Mr. J. W. Davis, Mr. W.
Cash, Dr. H. Hicks, Mr. G-. W. Lamplugh, Mr. Ci^ement Beid,

Dr. H. Woodward, and Mr. T. Boynton, appointed for the pur*
pose of investigating an Ancient Sea~beach near Bridlington

Quay, {Drawn up by Cr. W. Lamplugh, /Secretary.)

Tour Committee report that, having obtained permission of the lord of

the manor, the Rev. Yarbnrgh Lloyd-Gireame, they commenced the prac-

tical work of the exploration on Jane 29 last by employing labourers to

carry farther the excavation in the cliff at Sewerby begun last year by
the Yorkshire Geological and Polyte^jhnic Society, continuing this’work
through the month of July and until the end of the first w^ek in August,
with sometimes three and sometimes four workmen, under the personal

supervision of Messrs. Boynton, Reid, and Lamplugh. During this time
the deposits banked against the buried cliff of chalk have been wholly
removed for the distance of 24 feet to a breadth of 30 feet, and partially

for the further distance of 12 feet, and from the excavated material a
large number of the bones and teeth of mammals have been obtained,

together with remains of birds and fish and a few shells of land and marine
mollusca.

Several borings have also been put down between Sewerby and Brid-
lington Quay, with boring rods belonging to the Geological Survey,
which were kindly placed at our disposal; and in this way we have
obtained important evidence as to the southward and seaward extension

of the deposits and their relation to the Glacial beds.

The excavation has now been suspended because of the great thick-

ness of incoherent sand which, as the beds recede into the cliff, is capped
with heavy boulder clay, and is apt to come down in sudden falls, thus
rendering dangerous any further removal of the old beach unless a large

mass of the superficial beds were first thrown off
;
and this, with the funds

at their disposal, your Committee have not been able to undertake, and
are, indeed, doubtful of the expediency of doing. A short gallery has,

however, been driven along the face of the old cliff for about 12 feet

beyond the open working.
The following account of the deposits will show the results obtained

up to the present time.

Wstory and Literature .—These deposits, for which we propose the
name of ‘ the Sewerby Cliff-beds,* have nearly always been hidden in tji©

cliff-foot under a long talus of drift slipped from above, and remained
undiscovered until the winter of 1883-4, when your reporter’s attention

was drawn to them by a fisherman, who had noticed two bones in a
portion of the cliff recently laid bare by storms. The writer knew that
the tusk of an elephant had been found some years before near this place,

but until this time he could not find the bed from which it had been eb-
tained, though in his examination of the section he noticed the abruptness
with which the chalk ended, and, in a paper on the Speeton Shell-bed,*

mentioned the discovery of the tusk and suggested that it might have
come from some bed below the drift.

It was at first believed that the two bones formed part of a skeleton^

* Geological Magaainet Dec. II. vol, viii. p. 174.
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bat when they were excavated by the writer’s friend, Mr. J. B. Mortimer,

they proved to be disconnected and isolated.

No farther investigation was made at this time, but a few months later

one of this Committee, Mr. 0. Reid, who was carrying out the work of

the Geological Survey in Holdemess, had the beds pointed out to him.

Recognising the importance of the section, he had a trench cut into

the cliff to show the sequence of the deposits, and published an account

of them in 1835 in his Survey Memoir on * Holdemess * (pp. 47 to 49),

this being, so far as we know, the earliest printed description.

A short reference was also made to the beds iu the Sheet Memoir on
Bridlington Bay, by J. R. Dakyns and 0. Fox-Strangways, p. 1, published

in the same year.
' ^

Mr. Reid having strongly recommended farther investigation, the

Council of
,
the Yorkshire Geological and Polytechnic Society undertook

the work, granting the sum of lOZ. towards the expenses of an excava*

tion which was carried out last summer under the superintendence of

Mr. T. Boynton and your reporter. It was then shown that the deposits

rested on a floor of solid chalk, and had no Glacial beds below them
;
and

that the whole of the boulder-clay series present in the recent cliff above

the chalk rested unconformably on these beds and cut them out. From
this excavation a large number of bones and teeth and other remains were
obtained, which were deposited in the museum of the Yorkshire Philo-

sophical Society at York. A paper on the results of this excavation

by Mr. J. W. Davis was read at the last meeting of the Association, and
an abstract of this is printed in the last * Annual Report,’ p. 694.

A detailed account of the beds with a list of the fossils as then deter-

mined is contained in the report sent in to the Yorkshire Geological and
Polytechnic Society by the writer, which was printed in their * Pro-

ceedings ’ for last year (p. 381), and is illustrated by a woodcut section and
lithograph sketch.

These are the only references known to your reporter.

The Ancient Gliff: its Position and Relation to the present Shoreline.

—

Flamborough Head has long existed as a feature on the coast line of

Yorkshire, for, as Professor Phillips long ago pointed out, its main
features were already carved out in Pre-Glacial times. It consists ofa mass
of hard chalk, everywhere covered with Glacial deposits varying very

gicatly in thickness. The middle portion of the chalk contains much flint,

and is a massiveVeil-knit rock, while the upper and lower parts have no
flint, and are softer and more fissile and shaken, so as to yield moi*e

readily to the sea
;
and to this diflerence in the rock the shape of the

headland is largely due, for where the southerly dip brings the Upper
Chalk to the beach on the south side of the promontory, the cliff line

recedes
;
and where, on the other hand, the Lower Chalk rises above the

shore on the north side, it also is attacked and suffers ;
while where the

cliff from top to bottom consists of the massive flinty rock, there are many
signs that the denudation goes on very slowly.

The drift-covering hides up many inequalities of the old rock surface,

and makes others of its own, so that, were it not for the continuous cliff

sections, we should be greatly deceived as to the shape of tho ancient land.

This is strikingly exemplified in the cliff at Sewerby, on the south

side of the Head, about four miles west of the easternmost point, and
about one mile east from Bridlington Quay.
^ Here, near the Park, the cliff is about 75 feet high, the lower 40 feet,
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consisting of clialk, which is overlain by about 35 feet of G-lacial beds

;

but, when we go a few yards to the southward, the chalk is seen to end
abruptly in a cliff that is quite vertical, and in some places overhanging

;

and beyond this point no solid chalk is seen in the section. On the sur-

face this bold feature is so well masked by the thickening of the drifts

that its presence would not be suspected. There is, indeed, an obscure

line to be traced for a short distance across the fields, where the ground
sinks for a few feet, but this is quite uncertain, and is probably nothing

more than a bank of the uppermost gravel, such as is common in the

neighbourhood. •

When this cliff formed part of the ancient shore>li!ie, though the sea

stood at somewhere about its present level, the physical geography of the

country must have been quite different.

The headland must then have been a far more prominent feature than
it is to-day, that rubble heap of drift which we call Holderness having
then no existence, except as a shallow sea-bottom, across which through-
out Yorkshire, and probably throughout Lincolnshire also, the waves
washed till they reached the eastern foot of the Wolds. There is evidence,

moreover, that the sea has reached into the hollow ground on the northern

side of the headland, now occupied by the drift, since at Speeton an
estuarine shell-bed is found below the Glacial series, resting on the
Speeton Clay, at a short distance from the edge of the chalk escarpment.

This bed, however, is at least 86 feet above high-water mark, and is, there-

fore, probably not exactly contemporaneous with the Sewerby Cliff-beds.

It is where the present shore-line intersects this ancient shore-line

at Sewerby that our excavation has been carried out, and as the lines

cross each other at a low angle—^the recent beach striking N.E. and S.W.
nearly, while the old cliff strikes about E.N.E. and W.S.W.—we have been
able to work for some distance along the denudation-slope of the recent
cliff, where the ancient beach deposits are stripped of their covering of

boulder clay; but the gradual recession of the old cliff inland has brought
us so far into the slope that this mode of working can no longer be
carried on.

The face of chalk in the old cliff above the old tide-level is eveiw-
where smoothed and rounded in a manner strikingly different from tne
angular mode of weathering of the recent cliff adjoining.

Against it are banked the deposits we have excavated, in the ordior

now to be described. •

The Old Sea-beach,—At the bottom, resting on the terraced * scaur* of
the chalk, is a sea-beach composed of water-worn chalk pebbles of ^all

sizes, from fine gravel to large stones over a foot in diameter. These
are nearly always of the flat oval form that characterises this chalk as a
beach material. Many are perforated by the borings of PholaSf Saxieava
and CUona^ which snows that an uncovered scaur of chalk has ex-
tended at least to near low-water mark. Besides chalk there are also

S
ibbles of grey flint, some rather large in size, of the kind found in the
iddle Chalk on the north side of the headland. The chalk in the imme-

diate neighbourhood has no flint, and these pebbles must have drifted
not less than four or five miles. They are more plentiful than in the
recent beach at this place*

The old beach also contains a few pebbles that are not of local origin.

These are comparatively very rare, but we have this year found more of
such stones, and some of larger size, than in onr last year’s excavatipni thb
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largest being a boulder of basalt measuring 12 in. x 5 x 8, and another
of porphyrite 7 in. x4x3. The proportion of these stones evidently
varies in different parts of the beach, being very low indeed close to the
cliff-foot, but rising higher as we work outwards and downwards^ No-
where, however, have we found them to form more than a very fractional

percentage of the whole.

The most plentiful rock among these strangers is a brown or black
laminated bituminous shale, with obscure traces of plants and other
fossils. This shale is very light, and when perfectly dry will float, so
that it may have drifted along the coast into its^present position. Its

origin is doubtful, but it is not unlikei some of the shales in the estuarine

Oolites of the Scarborough district. Other pebbles are of basalt, granite,

quartz of various colours, porphyrite, &c., the whole forming an assem-
blage not strikingly different from that of onr Glacial beds. Some of
these pebbles are well rounded, but others do not seem to have been
rolling long on the beach and are almost subangular. The presence of
these pebbles is a fact of much importance, since we shall be able to show
that the Cliff-beds underlie the oldest boulder clay known in Yorkshire,

and these pebbles are the first indications we have had of the existence

of glacial conditions in still earlier times. It is evident, however, that

they have not been derived from the sub-aerial waste of any Glacial

beds capping the old cliff, for in that case we should have found them
plentifully in the rain-wash froih the cliff presently to be described

;
nor

are they, in the opinion of the writer, present in sufficient numbers to

indicate the waste of pre-existing Glacial beds anywhere in the immediate
neighbourhood, though they may have come from the denudation of such

- beds at a distance.

Here and there among the gravel and stones of the beach occur the

bones of mammals, birds, and fish, and, still more rarely, shells of the

periwinkle, oyster, and other molluscs. These remains are nearly always
in a bad state of preservation, being often crushed into small fragments
^as are also many of the chalk pebbles) by the settling of the beds, ^rhaps
under the weight of the ice in the extreme Glacial period

;
and they are,

besides, so softened by the percolating waters that when first found they
may often be rubbed into a paste between the finger and thumb. When ex-

posed to the air, however, they harden, and occasionally when a bone has
lain close under the sheltering cliff, or between the larger stones of the

beach, the pressure has been so far removed that they may be got out in

fair condition, and then, when gelatinised and repaired, they make good
inuseum.specimens.

The thickness of this beach close to the old cliff is from 3 to 5 feet,

but it thickens as we pass down the ledges of the chalk floor on which it

rests, so that at the outer edge of our trench, 30 feet from the cliff, it

was over 7 feet thick, and in a section we cut further south, where we
struck the beds still further from the cliff face, we passed through 9 feet

6f beach-shingle and sand before reaching the solid chalk. As it

thickens it becomes more sandy, so that, though close to the cliff it

dbnsists of nothing but loose stones, in passing outwards and downwards
We find much sand mixed with the stones, while in the alwve-mentioned

cutting thick seams of pure sand are reached. In this respect the

bid beach is an exact counterpart of the recent beach at this place,

ih Which there is a similar arrangement of rough loose shingle under the

clifftfoot, passing outwards into a flat sandy shore.
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The chalk floor close to the clifl* is at about the level of the present

high-water raark, so that the top of the beach here is decidedly above
that level, though not so far above but that a stormy sea and heavy tide

might yet overwhelm it. Now, though on a long sloping shore the beaoli

material is usually flung to the highest point that the tide reaohes,

against a vertical clifl* the sea nearly always rises higher than its shingle^

and we therefore think that when the old beach was formed the laud

stood slightly higher than at present. It is remarkable, however, how
slight is the difference in level between these two beaches, separated as

they are by such a wide interval of time, and by such a cycle of changes

as the Glacial period. Nor, were it not for the comparative scarcity of

foreign pebbles in the former, is there much difference in appearance
between the ancient and the modern 'beach. The chalk pebbles in both
are worn into the same shapes and bored in the same way, and the few
shells that are to be found in either are of the same species. It is not

until we come to examine the bones of the mammals that we find the

effect of the lapse of time. The elephant, rhinoceros, hippopotamus, and
elk have gone, but the periwinkle and oyster remain.

The Land-surface.—Close at the cliff-foot the beach is covered by a
deposit of marly clay with angular and subangular masses of fallen chalk
and streaks of drifted sand, that has evidently accumulated sub-uerially as

talus and rain-wash. This deposit is about 6 feet thick where it touches
the cliff, but does not extend far outwards, dovetailing rapidly into the
blown-sand, so that no trace of it is to be found at more than 20 feet

from the cliff.

Bones occasionally occur in this bed, generally in the lower part of it,

and we also found in a seam of yellow earthy clay many small land-shells

and obscure traces of vegetation along with two or three teeth of vole

and fragments of birds’ bones.

It contains no marine remains whatever, and no sea-worn pebbles.

The sea had evidently quite abandoned the cliff when this bed was
formed, though the character of the junction with the old beach shows
that this abandonment took place gradually. Possibly, with no change
of level, the sand dunes may have accumulated so as to shut out the sea,

and this deposit may then have formed in the hollow between them and
the cliff. A few very small angular fragments of grey flint occur in the
bed (which are noteworthy, as there is no flint in the cliff above), and we
also occasionally found small rounded bean-like pebbles of ancient rocks.

These, as one of our Committee pointed out, have probably drifted up
from the sea-shore of the period entangled in rolling balls of seaweed^,

such as travel with the wind on most sandy shores.

This bed, though so limited in breadth, has extended along the whole
length of cliff already exposed and shows no signs of thinning, so that it

is probably not, as we at first thought probable, a local talus-heap but a
regular accumulation extending laterally along the cliff-foot.

We thought this our most promising ground, somewhat analogous to

a * cave earth ’ formed in the open
; but in our recent excavations it haisl

disappointed us, our finds in this part of the series being fewer and
poorer than those of last year.

The Bloum-sande.—A great mass of clean yellow sand, withOat
admixture save for a few blocks of fallen chalk and an occasional bone,,

overlies the rain-wash, and also overlaps it so as to rest directly on the
old beach at the outer edge of our excavation. This reaches quite'iip't6‘
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the top of the old cliff, and has no doubt once extended oyer its brow,
but is now cut off there by the chalky rubble at the base of the drifts. It
is quite 25 feet thick in one part of onr excavation, and seems to thicken
as the cliff recedes inland. It frequently exhibits fine cross-bedding.

The upper 15 feet seems to be quite unfossiliferous
;
but lower down, at

about the level of the rain-wash, we found a few bones, these being
usually far*better preserved than those found in the other beds. We
have already referred to the anxiety which this sand caused us from its

tendency to suddenly collapse and slide in on us
;
this happened even on

a long low slope. It has evidently been accumulated under the shelter of
the cliffs by the wind, and the cliff-face behind it has been beautifully

smoothed and rounded by the drifting of Us wind-driven particles. The
same feature is seen on the cliff-face behind the rain-wash, but stops
short at the old beach where the weathering takes a different form. This
rounded surface is quite characteristic of the old cliff, and, as already
mentioned, is in marked contrast with the adjoining recent cliff, whose
outline is splintered and angular through the action of the winter frosts.

This feature points to a long-continued prevalence of strong winds from
the sonth or south-east, unaccompanied by frost, that have driven np the
sand from a wide sandy shore lying to the southward, so as to form great
dunes overtopping the cliff.

The Fossils,—A list of the species that have been identified from
among the fossils found in the Cliff-beds is given on the opposite page.

We are indebted to Messrs. E. T. Newton, 0. Reid, and H. M. Platnauer
for the determinations.

The asterisks in the columns denote in which bed the fossil was
found.

In the old beach the bones are generally water-worn and rounded,
and also often in the rain-wash

;
but in the blown-sand they are frequently

quite unworn, and in a few instances have their finer angles and delicate

muscular markings beautifully preserved.

Careful search was made for any evidence of man’s presence, but with
negative results, ifor among the large number of flints examined none
showed any certain signs of having been worked.

The Glacial FepositSy and their Felation to the Gliff-heds.—We have
accounted for about 40 feet of the recent cliff at Sewerby. The remain-
ing 35 feet consists of Glacial beds, which it will now be necessary to

describe.

The Chalk-ruhhle.—At the base of the drifts, resting directly on the

chalk on the old cliff, we find a variable thickness of .chalk-rubble or
gravel, made up of angular and sub-angular fragments of chalk, generally

of small size, often partially cemented together by a clayey matrix. This

bed is found at the base of the drifts nearly everywhere on Flambro’ Head,
and overlaps the solid chalk, passing down on the north side at Speeton
for some distance over the Speeton Clays. Small drift-pebbles may occa-

sion^ly be found in it, but 'these are rare. In appearance it is such a

iMd AS might’result from the sub-aerial wash, and weathering of the chalk,

and this origin is generally assigned to it. Bui whatever the mode of

its accumulation, its connection with the overlying Glacial beds is very

olqse. No organic remains have yet been found in it.

: In our section this chalk-rubble is seen to pass off from the top of the

old cdifif and to continue over the blown-sands with veir little immediate

cba^ge oflevel. Before leaving the chalk it is about one foot thick, thongh
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Fossils from the Sewerby
Cliff-beds

The Mammoth
Elephas antiquuSy Falc. Ele-

phant

Rhinoceros, probably lepto-

rhinus, Cuv. Rhinoceros

Hippopotamvs ampMbius,
Linn. The Hippopotamus

Eqmts. Horse
Cervtts (? tnegaceros. Hart.).

The Irish Elk, and perhaps
another

Bos primigeniuSy J'oj. Urus.

1 Bison sp
A Carnivor, perhaps Hyena .

Arvicola avipJtihinSy Linn.
The Vole

Birds
A Snake ....
Teleostean Fish, probably

including the Cod

Land Mollusca.

B[elnsi hfhSp'i^O/, Xjinn. • .

Helix pulchella, Mvill. .

Pvpa marginata ( — P. mus~
corum, Linn.)

Zua hibrioa. Mull. .

Marine Mollusca.

Purpura lapilhis, L.

Littorina littorea, L. The
Periwinkle

Ostrea ediilis, L. The Oyster .

Mytilus edulis, L. The Mussel
^^holas .....
Saxicava . . .

Old
Beach

*
•

I

Rain
Wash

Blown*
sand

4>

4>

»

it>

4>

*

4t

*

*

*

i|c

Remarks

/Several molars from the old
beach and two from the
blown-sand. One molar
only seems to j^elong tothe
Mammoth, the othersbeing
referable to E. antiquus*
Also some broken limb-
bones, badly preserved, in

\ the old beach.
Several molars and portion of

a lower jaw; possibly also

other bones.
One molar and a badly pre-
served tusk

A single tooth.

Teeth, lower jaw, &c.

I
Many bones.

Indicated by gnawed bones.
Lower front molar (deter-
mined) and two incisors

(presumably the same spe-
cies).

Three or four limb-bones.
Portion of a jaw.
Vertebras and bones of the
head abundant.

All species still living on
sandy tracts in the neigh-
bourhood.

All, except Ostrea, still found
living in great numbers on
the present beach.

j. Indicated by borings only.

its exact thickness is difficult to measure, since there is at this place no
clear line between it and the shaken chalk of the cliff-top

; but where it

extends over the blown-sands it thins to 3 or 4 inches, and in one place
seems to disappear for a short space altogether, being apparently cut out by
the overlying boulder #ay. Soon after leaving the chalk cliff it begins to
descend, thickening rapidly in doing so, and cutting into the blown-sand.
Thus, at 50 yards from our excavation it has sunk so that its base is only
about 20 feet above sea-level, it is composed of 6ner material, and its
thickness has increased to 11^ feet. Beyond this the cliff section seemed to
show over 25 feet of this material at the bottom ; but whenwe commenced
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to ont a trencli into it, thinking to strike the Clifif<>bed8 somewhere behind
it, we soon fonnd that the lower part of the section was not the chalk-

rabble bat a talas slope from that bed covering the blown-sandsy and that

the thickness of the rabble here was not more than 12 feet. A second
trench 80 yards sonth of oar excavation gave similar results, though the

base of the chalk-rabble had now sunk to about 6 feet above high-water

mark, with a corresponding diminution in the thickness of the blown-
sands. It was in this trench that we went through 9 feet of old beach
and reached the solid chalk floor. Seventy yards further south, though
the chalk-rubble is still 13 feet thick in the clifi*, its^base has reached the

sea-level, and a short boring was necessary to get below it. This boring

showed us that there is here about 4 fee^ of the bed below high-water
mark, and that it rests directly n^on a sea-beach of sand with rolled

pebbles, the blown-sands having quite disappeared.

We put down another bore into this bed 30 yards further south, start-

ing in the cliflr-foot about 2 feet below the top of the bed, and here we bored
into it for 21 feet without reaching its base. The same result followed a
boring on the beach CO yards nearer Bridlington, where the upper surface

of the bed has sunk below high-water mark and the clifi-foot is held

by the overly ing boulder clay. Here we went through 23 feet of chalk-

rubble, with sandy and clayey seams full of water, without reaching its base.

One of the clay scams passed through in this boring somewhat resembled
a boulder clay in appearance, and, though the samples brought up by the

auger were not sufficient for us to decide whether this was indeed a
boulder-clay, there are other reasons for thinking that the rubble is partly

contemporaneous with the Basement boulder clay, and that there is in

places a certain amount of dovetailing between them.
The Basement Boulder Clay.—The cliffsection for half a mile southward

from our excavation is nearly always hidden, except just at the top, by a
long slope of slipped clay and gravel, and is not often washed by the sea

;

but, by a fortunate combination of circumstances, daring last March high
tides and heavy seas swept the base of this cliff clearer than it has been for

ten or fifteen years, and also laid bare a long strip of foreshore stretching

at one time or another as far as the sea defences of Bridlingtoh Quay.
These exposures enabled the writer to trace the lowest boulder clay of

the cliff at Sewerby into the ‘ Shelly * or * Basement * boulder clay of
Bridlington Quay.

The clay changes considerably in character in this distance, but was
traced continuously northward from opposite Sands Cottage, where it is a
dark greenish boulder clay of the normal * Basement ’ type, full of shell

fragments, to the cliff near our excavation, where it is rather different

in colour, is more earthy,
.
has few or no shells and also few boulders, and

passes over (and possibly, as already mentioned, partly into) the chalk-

rubble just described. As it follows the rise of that bed over the blown,
sands to the top of the chalk cliffy it is reduced to a thickness of only

8 feet, though there is over 25 feet of it at Bridlington Quay. Above the

ohalk it may readily be traced along the cliff for two miles, to Hanes*

Hyke, where there is so much splitting up of the beds that it is more
difficult to follow ; bat there is every reason for believing that it con-

tinaes beyond, and foitns the lowest boulder clay almost everywhere on
ihe headland. Where its base is seen the lowest two or three inches

are generally distinctly stratified, wiih the bedding planes marked by
thin films of silty sand; bat, except in a few places, this character dies
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out upwards and the remainder of the clay seneraliy form% a solid mass,

broken only by the occurrence here and there of iiTegular pockets of

sand, gravel, and clay that seem to have been cd.ught up and included

in it. This inclusion of other beds is its most characteristic feature,

and one that is sure to be found wherever the clay ckn be traced for

any distance. In the neighbourhood of our section these patches are of

chalk-rubble or of clayey silt and sand
;
but further east on the headland,

near the lighthouses, the lowest boulderclay (almostcertainly this Basement
clay) includes transported masses of Speeton clay mixed with some red

chalk, while at Bridlington Quay and elsewhere some of the patches ofclajr

and sand which it encircles.are richly fossiliferous, and form the deposit

long known as ‘ the Bridlington Crag.* These shelly patches contain a
peculiarly Arctic molluscan fauna of g^eat richness and variety, and are th'e

fragments of an old sea-bottom formed under extremely glacial conditions.

Until the exposures of last spring the continuity of this shelly Base-

ment clay with the boulder clay covering the Cliff-beds was extremely
doubtful, and the writer was inclined to believe, for reasons that will

presently be given, that the Basement clay was not represented in our
section, or was represented only by the chalk-rubble, but the new
evidence has determined this point.

The upper limit of the Basement clay in our section is well marked by
a thin seam of fine shingle and sand about four inches thick. This part-

ing, though here so slight, if followed southward for a few hundred yards,

is found to develop into a thick bed of finely laminated elastic clay with
a seam of fine gravel above and below it, that forms for some distance a
well-marked horizon.

*

This laminated clay contains no organic remains and no pebbles. It
seems to have been accumulated in the hollows of an uneven surface of

the Basement clay, and is not found much above high-water mark.
The Purple Clay ,—Next in the Sewerby section comes a thick homo-

geneous mass (18 feet) of tough brownish-coloured boulder clay that
is rather more stony than the Basement clay, and not so earthy in texture.

No dividing line has been found in it in this section ; but if the clay be
followed southward for a short distance, it is found to split into an upper
and a lower division that are separated by the intervention of a variable
bed of sand and gravel that often shows contortions, and this division
may be traced through the greater part of Holdemess.

It was the absence of this line, and the consequent presence of only
two bods of boulder clay over the chalk, instead of the three seen so well
at Bridlington Quay, that led the writer and others to doubt whether the
Basement clay passed up over the chalk in the cliff.

The Sewerby Oravel.—

A

well stratified bed of chalky gravel 10 feet

thick caps the section, and may be traced southward along the cliff-top

nearly to Bridlington Quay.
This is known us the Sewerby Gravel, and, though rather newer than

the boulder clays, it probably dates back to the time when the ice was
retreating, and can scarcely be called Post-Glacial. But through it a
passage to more recent times may be traced, by way of certain low-level
gravels of fresh.water origin with which it seems to be connected near
Bridlington Quay, and which in turn lead up to the^resh-water marls that
lie in the hollows on either side ofthe town, whose formation has probably
gone on till comparatively recent times.

Age of the Buried Cliff-bede*

—

In your reporter’s communication to
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the Yorkshire Geol. and P. Society on these beds, he suggested that they
might be called Pre^Ol^icialy since they were so distinctly older than the
Basement clay, which has been regarded (perhaps without nincli evi-

dence) as the oldest bed of the Yorkshire Glacial deposits. But it has
since been suggpted that the term Sub-Olacial would better indicate

this relationship without inference as to the age, and onr recent dis-

covery of foreign pebbles in greater numbers and of larger size than
before shows the wisdom of this suggestion.

While the presence of a few travelled pebbles is scarcely alone suf-

ficient evidence of the Glacial age of the beds, sinc^ such pebbles occur
in beds that are allowed to be Pre-Glacial ;

as, for example, in the Norfolk
Forest-bed series; yet the fauna, as at present determined, lends no coun-
tenance to the view that the beds are actually Pre-Glacial, though, on
the other hand, it contains nothing that is decisively against this view.

A large number of the bones obtained, however, are yet in an indeter-

minable condition, and we hope that when they shall have been repaired

and examined they may yield closer results.

The Basement clay contains so much evidence of the destruction of an
old sea-bottom at some distance from the shore, that the idea naturally

arises that the beach we have been examining may have formed the shore-

line of that period. But the evidence of their respective faunas is quite

opposed to this, for the Bridlington shells denote a very cold climate

—

not quite but nearly the coldest we have evidence for in Great Britaii#

—

whereas tho old beach, with its hippopotamus and oysters and its un-
frosted cliff-face, indicates a climate, if anything, warmer than we enjoy
at present.

Of course it may be urged that, as the shell-beds of the Basement clay

are not in place, they may have been carried for long distances, and are

not evidence for an extreme plimate in their present resting-place. But
even if far transported they must still have been formed somewhere
within the North Sea basin, and the presence of such a fauna anywhere
within so shallow and limited an area seems hardly compatible with
the contemporaneous occurrence of a warm climate on its shores. So that
the correlation of the old beach with the shell-beds of the Basement clay

seems an improbable one.

The presence of foreign pebbles in the beach is certainly evidence for

the existence of ice in some form, either during the formation of the beach
or prior to it ;

but unfortunately we cannot say whether these have been
derived from pre-existing Glacial b^ds somewhere within reach of the

sea, or have come more directly through the stranding of small drifting

bergs or coast-ice.

Independently of its fauna, the Basement clay is in itself the proof
of a very severe climate, and shows a set of conditions that could not
euddenly have arisen. Possibly the minor oscillations that may have
occurred during the gradual approach of the great Glacial period, before

the maximum cold set in, may account for the somewhat contradictory

evidex^ of these beds.

It is unfortunate that we have been able to recover so small a portion

of the fauna which must have existed at that time. Our list is evidently

a mere fragment, and both on land and sea there has undoubtedly been
a^ndant and varied life.

But the oiroumstanoes are not favourable. For sea-shells wo have
had only the highest and roughest portion of an old beach to explore,

1888. z
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wherein we could not in any case have expected to find ihany shells, while

here the conditions have been so unfavourable for their preservation that

even such strong shells as Littorina tJe only*imperfectly preserved and
crumble with a touch. Similarly with the land-shells, our collecting

ground has been what at one time was a range of barrm shifting sand-

hills whereon the fauna was probably always very limited
;
and for the

preservation of the specimens we possess we are indebted to the clayey

matrix of one particular seam not much over an inch thick. So with

the mammalia. We have not reached their dens or haunts, but have
chiefly to rely for our specimens on the bones sporadically scattered

along a sea-beach ;
and under these circumstances it is not surprising*

that we have not been able to identify the caVnivor whose teeth-marka

we have found on some of the bones# nor to specifically determine some
of the other animals. Indeed it is remarkable enough that under such
conditions we have found so much

;
and we are inclined to think that the

presence at that period of a river in the Main Wold valley, which opens
to the sea at Bridlington Quay, may have caused slightly estuarine condi-

tions to prevail over this part of the old bay, and » so have brought about
the comparative abundance of animal remains in the beach and the

presence of the hippopotamus.
Belation to other Deposits.—These Cliff-beds cannot safely be correlated

with any other deposit known in Yorkshire. Their nearest analogue is the
estharine shell-bed at Speeton mentioned in an earlier part of this report

;

but, as was before pointed out, the difference of level between them is so
considerable that it is unlikely they have been exactly contemporaneous*

In several other places on Flamborough Head the coast section reveals

steep bluffs of chalk below the drifts, but in no case except this have any
fossiliferous deposits been found in connection with them, and they seem
in most cases not to be sea-cliffs, but steep valley walls. At Flamborough
South Landing under one of these bluffs there is an accumulation of

rough pebbles somewhat resembling a beach, but it differs from the
Scwerby beach in the presence of a multitude of foreign stones and in

the absence of P/wZas-bored pebbles or fossils of any kind.

Your Committee ask to be re-appointed for the purpose of completing
the repair and determination of the fossils already obtained, but do not
propose at present to ask for a renewal of the grant.

Report of the Committee^ consisting o/Professor Lankesteb, Professor
Milnes Marshall, Mr. Sedgwick, and Mr. Or. H. Fowler (8ec-
retary), appointed for the purpose of investigating the Revelo^-
ment of the Oviduct and connected structures in certain
fresh-^ater Teleostei.

With regard to the grant made, I regret to say that I have been tpiable
to make use of it. For various reasons the perch was sheeted as the
most suitable subject for investigation, and arrangements were made
with Mr. Armistead, of the Solway Fisheries, for supplies of ova and
fry. These, however, unfortunately, altogether broke down, and that
at a time when the spawning season was just over, and when, conse-
quently, no farther attempts could be made till the ensuing spring. The
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gmnt of 15Z. is still nnbroken, and if the Committee should be disposed
to continue it, different arrangements next year would probably lead to a
more favourable result.

Third Report of the Committee^ consisting of Professors Armstrong,
Lobge, Sir William Thomson, Lord Kayleigh, Fitzgerald,
J. J. Thomson, Schuster, Poynting, Crum Brown, Eamsay,
Frankland, Tilden, Hartley, S. P. Thompson, McLeod, Koberts-
Austen,Rucker, Keinold,Carey Foster, a'/ic? H. B. Dixon, Captain
Abney, Drs. Gladstone, Hopkinson, and Fleming, and Messrs.

Crookes, Shelford Bidwell, W. N. Shaw, J. Larmor, J. T.

Bottomley, R. T. Glazebrook, J. Brown, E. J. Love, and
John M. Thomson, appointed for the purpose of considering

the subject of Electrolysis in its Physical and Chemical BeaHngs,

During the past year work has been done by the Committee as

follows:

—

Prof. Fitzgerald and Mr. Trouton have continued their investigation

into the accuracy of Ohm’s law in electrolytes, with the result that the

coeflScient h in e=rc — is now known to-be less than 3x10”® in

sulphate of copper solution. Their communication is annexed in con-

tinuation of their previous contributions on the same subject as given in

the 1886 Report, p. 312, and in the 1887 Report, p. 345.

Lord Rayleigh has experimentally examined the question whether the

velocity of light through an electrolyte is affected by the passage of an
electric current in the same direction, and his account of the experiment
and of its result is annexed.

Dr. Gladstone and Mr. Hibbert have experimented on the mode of

conduction of alloys and solid sulphides, and their paper is appended to

this report.

Dr. Armstrong has been preparing some pure selenium, with the view
of examining its conductivity

;
and Mr. Crompton, in his laboratory, is

engaged in determining the resistance of sulphuric acid of various

strengths at different temperatures, with the object of applying to the

results Mendelejeff’s theory of solution, as explained and partially reported

in the * Transactions of the Chemical Society ’ for January 1888.

Mr. Shaw is continuing the drawing uf) of his report on recent progress

in the whole subject of electrolysis.
,

Prof. Willard Gibbs has sent a letter to the Secretary, replying to

some observations made in last year’s report concerning a communication

with which he had previously favoured the Committee : see Report, 1886,

p. 388 ;
and 1887, p. 340. This letter is printed below.

Prof. Clausius has sent a letter to the Secretary with respect to th%
nomenclature often adopted in England for the dissociation hypothesis of

electrolytic conduction, which, on the Continent, is known by his name
alone. The Committee record the deep regret with which they have quite

recently heard of his death.

The paper by Prof . von Helmholtz, ‘Further Researches respect-

ing the Electrolysis of Water,* as translated and communicated to the
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Section last year, has appeared in the Physical Society's collection and
reprint of papers.

The Committee may also call attention to a paper by Prof. Horace

Lamb, * On the Theory of Electric Eodosmose and Other Allied Pheno-

mena,* printed in extenso in the Manchester .Vblnme, 1887, p. 495.

Mr. Fitzpatrick’s paper on Electrolytic Conductivity, communicated to

the Section last year, has been printed in the * Philosophical Magazine *

for November 1887.

Bulletin No. 36 of the United States Geological Survey, *@n the

Subsidence of Fine Solid Particles in Liquids,’ by Carl Barus, has been
sent from the Government printing-office at Washington to the Secretary.

It is interesting as containing an* application of electrolysis to accelerate

the settling of turbidity
;
and Dr. Gladstone’s paper last year (1887

Report, p. 344), * On the Action of an ]l^lectric Current in hastening the

Formation of Lagging Compounds,* may be mentioned in connection

with it.

Dr. Arrhenius has transmitted to the Secretaries various reprints bear-

ing on the dissociation hypothesis of electrolytic conduction and other

matters, and one manuscript, which is appended to this Report.

Dr. Richarz has also sent some papers, one of which, not being else-

where published, is annexed.
The work of Prof. Rowland and Mr. Bell, ‘ On the Effect of a Magnet

on Chemical Action,* communicated verbally to the Section last year at

Manchester, has now appeared in the ‘American Journal of Science * for

July 1888, and in the ‘Philosophical Magazine* for August 1888.

The Committee, at a previous meeting, instructed their Secretary to

endeavour to obtain the translation and publication of some of von
Helmholtz’s papers. They have seen with great satisfaction that the
action of the Physical Society of London has rendered further motion on
their part in this direction unnecessary, and they congratulate ‘ Prof.

Carey Foster on the volume which has appeared under his supervision.

The most remarkable experimental result within the scope of the
Committee to be recorded in the past year is that obtained by Dr. Hertz,
subsequently confirmed and further investigated by E. Wiedemann aiid

Ebert, Hallwachs, and Arrhenius, on the effect of ultra-violet light in*

making air or any gas conducting, and especially in breaking down the
transition resistance or obstructive film at the cathode of an electric

sparking arrangement. The experiment is exceedingly easy to perform
with either a small induction coil or a Voss or Wimshurst machine,
the light used being either the light of another spark, or of magnesium
wire, or of an arc lamp. The length of a short spark may be trebled
by mere illumination with ultra-violet light : the difference of potential

between the terminals being kept constant.

The fact that the effective cause of this phenomenon is not the long
waves of ordinary electric oscillation, but is the light which most nearly
corresponds in frequency to electric oscillation in bodies the size of
ftiolecnles, suggests some chemical or dissociation cause of the effect.

Of the bOl. grant made to the Committee lafltyear, 30?. has been
drawn mid spent, partly in a rapid vibrator for the use of those experi-
menting on Ohm’s law, partly in expenses connected with the preparation
of pure selenium, and the rest (some 15?.) in separate copies, printing,

and postage. It is proposed to
,
ask for reappointmenti with the sum

which has now lapsed renewed.
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On the Accuracy of Ohm*8 Law in Electrolytes.

By Professor Fitzgerald and F. Teouton.

Experiments have been made with the faster fork alluded to in last year’s

rei^rt, with the result of bringing the determination to about twice the degree of
refinement then mentioned as attained, or ^ A ’ to be less than 3 k The rate

of this fork (about 290 vibrations per second) is nearly twice that of the previously

employed fork (160 per second) . From the experiment described below the possible

increase in refinement obtainable by doubling the rate appears to be about fourfold,

or twice that obtained.

Oonsidering that the difficulties of working increase greatly with the rate of the
fork, it was thought more advisable for the further prosecution of the investigation

to try some other method of breaking the contacts than to prepare a still faster

fork.

A commutation arrangement attached to the spindle of a small magneto has
been employed with fairly satisfactory results. As great a refinement, however,
has not yet been reached with it as was attained with the fork method,* chiefly

through the difficulties connected with running the magneto uniformly
;
but we

hoj^ soon to have storage cells in the laboratory, and thus to get over this

difficulty.

The magneto arrangement, however, on account of the facilities for changing
the speed, was found admirably adapted ‘for confirming the supposition that the

observed deviation from Ohm’s law is due to * heating effect?,’ for the deviation

always tended to disappear as the speed ofcontact-breaking was gradually increased

;

also, for investigating the manner in which the minimum value of * A * obtmnable
varies with the speed of contact-breaking. This was found to be, approximately,

inversely as the square of the speed.

Is the Velocity of Light in an Electrolytic Liquid influenced hy an Electric

Curr&nt in the direction ofpropagation ? By Lord RayleiGh, 8ec.B.8.

The question here proposed has been considered by Koiti (Pogg. * Ann.’ 160,

p. 164, 1873) and by Zecher Rep. de Phys ’ 20, p. 161, 1884).* My experiments

were made in ignorance of the work of these observers, and the results would
scarcely be worth recording were it not that the examination seems to have been
pushed further than hitherto. It may be well to say at once that the result is

negative.

Tbe interference fringes were produced by the method of Michelson, as used in

'his important investigation respecting 'The' Influence of Motion of the Medium
upon the Velocity of Light.’ * The incident ray ab meets a half-silvered surface at

b, by which part of the light is reflected and part is transmitted. The reflected

ray follows tne course abcdefbgf being in all twice reflected at h. The transmitted

ray takes the course being twice transmitted at b. These rays, having

E
ursued identical paths, are in a condition to form the centre of a system of fringes,

owever long and far apart may be the courses cd,ef.

There is here nothing to distinguish the ray ah from a neighbouring parallel

ray. The incident plane wavefront perpendicular to nb gives rise eventually to

two coincident wave-fronts perpendicular to hg. With a wave incident in another

direction the case is different. The two emergent wave-fronts remain, indeed, neces-

sarily parallel, both having experienced an even number of reflections (four and
six).' But there will exist in general a relative retardation, of amount (for wave-
flronts perpendicular to the plitneof the diagram) proportional to the, deviation fr<Hpa

the principal wave-front. Hence, if the incident light comes in all directions, a

* A very unsatisfactory experiment with the magneto at a speed of about 400
vibrations per second gave, as the value of A, 1‘26 x 10-®.

* Mr. Wilberforce has experimented upon di^lacement currents in a dielectric

(^Camb. PhU. Trans, t. xiv. p. 170, 1887).
• Am. Joum. xxxi. p, 377, 1886.
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telescope at^, focussed for infinitely distant objects, reveals a system of interference

bands, whoM direction should be vertical, if the adjustments could be perfectly

carried out in the manner intended.

The success of the method does not require the complete symmetry of the
^Uagram. If the reflections at d, e are eflect^ by a right-angled prism, it is neceeh
sary that cd, fe be parallel to one another, but not that they be. parallel to the
surface h, Supposing all the surfaces to remain vertical in any case, the pom*
tions of 6,/, and the incident ray ah may be chosen arbitrarily. If the distance da
between the parallel courses is not closely prescribed, one adjustment by rotation

of the mirror c will suflice. In my experiments the optical parts were mounted
upon a lai^e iron plate, so that the movable pieces c, de could be shifted without
loss of level. The incident ray ah was defined by a small hole near the paraffin

lamp which served as a source of light, and by the centre of a moderately large
circular ^rture perforated in a screen and illuminated when necessary with a
candle. The mirror c was then rotated uniU the rays cd,fe were parallel. This
was tested by observing the equality of their mutual distances near the extremities
of their course.

^iLi
flistance between the parallel rays is prescribed, the adjustment is more

troublesome. The line being fixed, sights are laid down defining the desired
position of cd. These sights, as well as those before referred to defining the inci*^>
dent ray, have now to be brought to apparent superposition as seen by an eye
looking along dc. For this purpose two conditions have to be satisfied by, and two
inotions must be provided for, the mirror c. One of these should be a movement
01 rotation, and the other of translation in a direction nearly perpendicular to the
plane of the mirror. Thus the mounting may consist of a circular turntable resting

® plate, the curved edge of which is guided by the sides of a V, cut out
01 a flat piece of metal and clamped to the plate. In each position of the V the
angular motions are easily swept over, and the double adjustment is effected with-
out much difiiculty. When the parallelism of the rays is secured, the insertion of
the reflectmg prism is all that remains. The adjustment of this is best efifected
with the eye at the observing telescope, which at this stage should be focussed
upon thd small aperture in the neighbourhood of the flame. By a motion of the
prism parallel to its hypothenuse the two images are brought to coincidence,* and

once, when the telescope is accommodated for
infimtely distant objects.

11*
^ noticed that if the object were ,at infinity, or if with the aid of a

^llimating lens an image of it were thrown to infinity, the two Images as seen
locuped through the tel^cope would overlap in any case ; for it may be proved that,
whatever may be the positions of the five reflecting suirfaoes, the two emei^ent rays,
corresponding to any incident ray, are necessarily parallel.
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The half*silvered central plate would be at its best if it reflected light of the
same intensity as it transmits. have generally found the reflection on the side
next the air more powerful than upon the side next the glass

; so that the ideal

would require the geometric mean of the two reflections to be equal to that of the
two transmissions. A very slight silvering is all that is wanted, such as from its

want of coherence and brilliancy would be useless for other purposes
|
and the bands

appear tolerably black, even though the interfering lights are of decidedly unequal
intensities. There is, of course, a reflection from the unsilvered surface of the plate.

Owing to a want of parallelism in my apparatus, this image was distinctly separated
from the other. The two back reflectors were of flat glass, silvered by the milk-
sugar process, and used as specula. * '

The imperfections of the surfaces disturbed the formation of the bands from full

accordance with theory. The definition was usually better when the pencils were
limited, as by the screens employed to Refine the incident ray, than when all ob-
struction was removed. The final adjustments for the distinctness and desired

width of bands were made with the eye at the telescope by shifting the reflecting

prism, and occasionally by slight displacements of one of the other reflectors.

The tubes enclosing parts of od,/e, and containing the electrolyte (diluted sul-

phuric acid of nearly maximum conductivity), were closed at the ends by plates of
parallel glass. The current entered lateral attachments, so arranged that liquid

{or gas) rising or falling from the platinum electrodes would not at first enter the
OTOrative part of the tubes. The mameter of the tubes was about f inch, and the
enective length about 11 inches.

It wilFbe sufficient to give the details of one experiment. The two tubes were
connected in multiple arc, and of course in such a manner that the current travelled

in opposite directions. The magnitude of the whole current (say, from eqi^ht Grove
cells) was 1*5 ampere

;
so that the current density

f

in amperes per sq. cm., was

•76

TT X *38* X 2*64*

Now, one of the interfering rays travelled 22 inches, or 66 centimetres, with the

current, and the other ray the same distance against the current. On reversal of
the current no shift of the bands could be perceived, under conditions where a shift

of Y5 ‘ of a band must have been evident. Hence we may conclude that a current

of the above-mentioned density does not accelerate (or retard) the propagation of
light in the ratio of X to 224 cms. In the liquid we may take X = 4 x 10“® cm.

;

and if we reduce the result so as to correspond to density unity, we may say that

in dilute sulphuric acid a current of one ampere per square centimetre does not
alter the velocity of light by 1 part in 13 millions, or by 16 metres per second.

It would probably be possible to carry the test ten or fifteen times further by
the use of much larger tubes and a more powerful battery, but there seems to be no
sufficient encouragement at present to make the attempt. The case would, of

course, be very different were anyone to show by d priori argument a reason for

expecting an effect of this order of magnitude.

Electro^Ohemical Thermo-Bynamics, {Letter from Professor Willard
Gibbs to the Secretary of the Electrolysis Committee of the British

Association.)
'New Haven : November 21, 1887.

Professor Oliver J. Lodge,
Dear Sir,—^As the letter which I wrote you some time since conwming the

remdememt of a perfect or reversible galvanic cell seems to have occasioned, some
discussion, I should like to express my views a little more fully.

It is easy to put the matter in the, canonical form of a Carnot’s cycle. Let a
unit of electricity pass through the cell producing certain changes. We may sup-

* Probably I might say but it is be&t to be upon the safe side. When the con-

tact was maintained a slight shift was observed, but in a direction independent ot
that of the current.
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pose the cell brought back to its original condition by some reversible cliemical

process, involving a certain expendiiture (positive or negative) of work and heat,

but involving no electrical current nor any permanent changes in other bodies

except the supply of this work and heat.

Inow the nrst law ofthermo-dynamics requires that the algebraic sum of all the

work and heat (measured in * equivalent
*
units) supplied by external bodies during

the passage of the electricity through the cell, and the subsequent processes by
whicn the cell is restored to its original condition, shall be zero.

And the second law requires that the algebraic sum of all the heat received

from external bodies, divided, each portion thereof, by the absolute temperature at

which it is received, shcTll be zero.

L.et us write W for the work and Q for the heat supplied by external bodies

during the passage of the electricity, and [W], [Q] for the work and heat supplied

in the subsequent processes. *

Then W +Q + [W] + [Q] = 0, (1)

and Q
t'

where t under the integral sign denotes the temperature at which the element of
heat d [Q] is supplied, and t' the temperature oi the cell, which we may suppose
constant.

Now the work W includes that required to carry a unit of electricity from the
cathode having the potential V" to the anode having the potential W. (These
potentials are to be measured in masses of the same kind of metal attached to the

electrodes.) AVhen there is any change of volume, a part of the work will be
done by the atmosphere or other body enclosing the cell. Let this part be denoted
by Wp. In some cases it may be necessary to add a term relating to gravity, but
as such considerations are somewhat foreign to the essential nature of the problem
which we are considering, we may set such cases aside. We have then

W = V'-V" + Wp (3)

Combining these equations we obtain

V"-V'=Wp + [W] + [Q]-H® . . . . (4)

It will be observed that this equation gives the electromotive force in terms of
quantities which may be determined ivithout Betting up the cell.

Now [W] + lQ] represents the increase of the intrinsic energy of the substances

in the cell during the processes to which the brackets relate, and
j

represents

their increase of entropy during the same processes. The same expressions, there*
fore, with the contrary signs, will represent the increase of energy and entropy in
the cell during the passage of the current. We may therefore write

V"-V'=-Ae + ^'A7 + Wp . . . . (5)

where Af and Ap denote respectively the increase of energy and entropy in the
cell during the passage of a unit of electricity. This equation is identical in meaning,
and nearly so in form, with equation (694) of the paper cited in my former letter,

except that the latter contains the term relating to gravity. See ‘ Trans. Connect*
Acaa.^III. (1878), p. 609* The matter is thus reduced to a question of energy
and entropy. Thus, if we knew the energy and entropy of oxygen and hydrogen
at the temperature and pressure at which they are disengaged in an electrolytic

cell, and also the energy and entropy of the acidulated water from which they are
set free (the latter, in strictness, as functions of the degree of concentration of the
acid), we could at once determine the electromotive force for a reversible cell.

This would be a limit below which the electromotive force required in an actual
cell used electrolytically could not fall, and above which the electromotive force
of any such cell used to produce a current (as in a Grove’s gas battery) could not
xeach.
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Returnhig to equation (4), we may observe that if t under the integral sign has
a constant value, say the equation will reduce to

V"-V'=?^'[Q] + [W] + W*' . . (0>

Such would be the case if we should suppose that at the temperature the
chemical processes to which the brackets relate take place reversibly with evolution

or absorption of heat, and that the heat required to bring the substances from the
tenmerature of the cell to the temperature t"y and that obtained in bringing them
bacK again to the temperature of the cell, may be neglected as counterbalancing

each other. This is the point of view of my former letter. 1 do not know thatf

it is necessary to discuss the question whether any such case has a real existence.

It appears to me that in supposing such a case we do not exceed the liberty usually

allowed in theoretical discussions. B^ut if this should appear doubtful, 1 would
observe that the equation (6) must hold in all cases if we give a slightly different

definition to viz., if be defined as a temperature determined so that

The temperature thus defined, will have an important physical meaning.
For by means of perfect thermo-dynamic engines we may change a supply of heat

* [Q1 at the constant temperature t" into a supply distributed among the various

temperatures represented by if in the manner implied in the integral, or vice

verad. We may therefore, while vastly complicating the experimental operations

involved, obtain a theoretical result which may be very simply stated and dis-

cussed. For we now see4hat after the passage of the current we may (theoreti-

cally) by reversible processes bring back the cell to its original state simply by the

expenditure of the heat [Q] supplied at the temperature with perhaps a certain

amount of work represented by [W], and that the electromotive force of the cell

is determined by these quantities in the manner indicated by equation (6), which
may sometimes TO further simplified by the vanishing of ,[W] and Wp.

If the current causes a separation of radicles, which are afterwards united with
evolution of heat, [Q] being in this case negative, t" represents the highest tem-
perature at which this heat can be obtained. I do not mean the highest at which
any part of the heat can be obtained—that would be quite indefinite—but the

highest at which the whole can be obtained. I should add that if the effect of the

union of the radicles is obtained partly in work—[W], and partly in heat—[Q],
we may vary the proportion of work and heat

;
and t" will then vary directly as

[Q]. But if the efect is obtained entirely in heat, t" will have a perfectly definite

value.

It is easy to show that these results are in complete accordance with Helm-
holtz’s differential equation. We have only to differentiate the value which we
have found for the electromotive force, For this purpose equation (6) is most
suitable. It will be convenient to write E for the electromotive force V'—V'’, and
for the differences A >7 to write the fuller forms where the

single and double accents distinguish the values before and after the passage of the

current. We may also set p (y'— t?") for Wp, where p is the pressure (supposed

uniform) to which the cell is subjected, and —v' is the increase of volume due to

the passage of the current.! If we also omit the accent on the ty which is no longer

requited, the equation will read

• • • • (®)

If we suppose the temperature to vary, the pressure remaining constant, we have

Now, the increase of enetj^ dt' is equal 'to the heat required to increase the

temperature of the cell by dt diminished by the work done by the cell in expanding.

Since duf is the heat imparted divided by the temperature, the heat imparted is

and the work is obviously Hence

d%^ mtdrjf^pd&

y
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and in like manner

If we substitute these values, the equation becomes *

(10)

We have already seen that represents the integral of equations (2)

and (4), which by equation (2) is equal to the reversible heat evolved, — Q, divided

A by^ the temperature of the cell, wmch we now call t. Substitution of this value

gives

di^T
which is Helmholtz’s equation.

These results of the second law of thermo-dynamics are of course not to be
applied to any real cells, except so far as they approach the condition of reversible

action. They give, however, in many cases limits on one side of which the actual

values must lie. Thus, if we set < for = in equations (2), (4), (6), (6), and

> for *a in (8), the formula will there hold true without the limitation of revera-

bility. But we cannot get anythii^ by differentiating an inequality, and it does

not appear d priori which side of (10) is the greater when the condition of rever-

ability is not satisfied. The term in (11) is certainly not greater than

for which it was substituted. But this does not determine which side of (11) is

the greater in case of irreversibility. It is the same with Helmholtz’s method of

proof, which is quite different from that here given, but indicates nothing except

80 far as the condition ofreversibility is fulfilled. (See * Sitzungsberichte, Berl. Acad./
1882, pp. 24, 26.)

I fear that it is a poor requital for the kind wish which you expressed at Man-
chester, that I were present to explain and support my position, for me to impose
80 long a letter upon you. Trusting, however, in your forbearance, I remmn yours
faithfully,

J. Willard Gibbs.

Authorship of Electrolytic Theory, {Translation of a Letter from Professor
Clausius, received hy the Secretary of the Electrolysis Committee of the

British Association.) -

Bonn : October 2, 1887.

Dear Sir,—^While I render you my best thanks for kindly sending me the
Beport of the E.C.B.A., which I have read with much interest, I should like to be
allowed to make a remark on one point arising in it. You mention the theory of
electrolytic conduction, started by me in the year 1857, by the name, * the old
Williamson-Clausius hypothesis

;
’ and in similar terms my theory is referred to in

other parts of the circular you have been good enough to send me.
This nomenclature must ^ouse in the minds of readers not fully conversant

with the literature of the subiect a question as to whether Williamson has not also
devised a theory to explain electrolytic conduction.

This, however, is not the case. Williamson was only considering a purely
chemical process—namely, the formation of ether, and his theory relating to this

was contributed to the British Association in Edinburgh. On electrolytic con-
duction he had not spoken a single word. I am quite convinced that he himimlf
has not the least intention of claiming the merit of naving started an hypothedsfbr
the explanation of electrolytic conduction. ' ^

By other authors the theory of electrolytic conduction is continually refenild
to as mine. Of English authors I will only mention Maxwell, who, in his
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* Treatise on Electricity and Magnetism/ Yol. L, p. 809, speaks of ' the theory of
Clausius ’ simply.

I trust, therefore, that you will kindly arrange so that terms conveying a
meaning not intended by the Committee may m avoided by them, lest they
excite a false impression in the minds of readers.—^With assurances, &c., faithfully

yours,

K. Clausitts.

On, the Conduction of Alloys and Solid Sulphides,

By J. H. Gladstone, PLD.f and Walteb’Hibbeet, F.LOi

The follovdng experiments were instituted in connection with the work of the
British Association Committee on Electrolysis. One of the questions originally

raised was whether there was any resemblance between the conduction of an alloy

and that of an electrolyte
;
or, to put it in another way, whether the passage of an

electric current through an alloy is associated with any separation of its con-

stituents.

The method adopted by us depends on the assumption that any such separation

would produce changes of resistance, the changes being, in all probability, difierent

at one electrode from what they would be at the other.

GqcD OricD

The apparatus consisted of a U tube of glass of the following dimensions :

—

Intemai diameter, 0*45 centimetres
;
total length, 28 centimetres ,* horizontal

portion, 11 centimetres; each vertical portion, 8*6 centimetres. The ends of the

tube were carefully fitted with corks, so bored as to form large terminal cups, as

shown in section in the above diagram.
In the middle of the horizontal part of the U a platinum wire was fused

through the glass for the purpose of making connection with the central part of

the alloy whilst the current was passing through it.

The alloy used was the * fusible alloy,’ sold by Messrs. Hopkin & Williams,
containing bismuth, lead, tin, and a little cadmium. It was chosen because cf its

low fusing-point, which enabled us to keep it perfectly liquid at the temperature
of boiling water. A suitable quantitv was fused and poured into the U tube,

some care being needed to drive out all air-bubbles. The tube was then placed in

a water oven and kept at 100° Centigrade. Connections were made through the

lid of the oven by means of three thick insulated copper wires, two of them going
to the cups at the end of the U tube, and the third to a mercury cup at the bottom
of the oven, into which there dipped the platinum wire from the middle of the U.

By means of these connections the two halves of the tube were joined to the ends

or a metre bridge wire, and the ratio of the resistance of one half to that of the

other obtained in the usual way.
^

In the earlier experiments a slight modification of Carey Foster’s arrangement
of the bridge was tried, but it was found a little inconvenient for these particular

experiments, and was therefore replaced W the ordinary simpler form.

The currents employed varied in difierent experiments from 6 down to 0*2

ampdzes^ running generally for four or five hours, with two or three tests during

that rime. On one occasion a current of about 0*4 ampere was continued for

twenty-four hours.
:The results of the experiments were always negative, no change of resistance

beimrietected which did not fall within the limit of probable error.

It'ought to be pointed out that the sources of error were considerably greater

thasi-insual. The resistances under comparison were so small, and such great

temperature differences existed between the various junctions, that great pre-
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cautions had to be taken against thermo-electric disturbance. Errors arising from
this source were generally eliminated by repeating the observations with a reversed

current. In some cases the battery circuit was completed after the index of the
galvanometer had come to rest under the action of the thermo-cunent

; but this

was not considered so decisive as the other method.

A few experiments were made by a method depending on the fall of potential

in one half of the tube compared with that in the other half, but they yimded the

same negative result. '

^

This conclusion is true for nearly all our experiments to 1 part in 600 and for

many of them to 1 pixt in 1,000. The conclusion is strengthened by the fact that
when small changes did occur they were shown to be due to some influence not
dependent on the direction, of the current. Thus in one experiment already

alluded to, in which the current continued for twenty-four hours, a change of
zero*amounting to 0*7 of a millimetre Was observed. As this was a fairly large

change compared with the usual result, the current was reversed for twelve hours.

At the end of that time the zero had moved a little further in the same directio%

showing that the alteration was due to some other cause than the one we were
seeking to detect.

One or two data obtained incidentally may be of interest.

The alloy had a specific resistance at 100® C. of about 107,000 c.g.8. units

—

a cubic centimetre of it had between opposite faces a resistance of *000107 ohm.
To assure ourselves that changes in composition would affect the resistance

two experiments were made. To the alloy in one half of the U tube 0*6 per cent,

of lead was added. This was done with some care, but it could hardly be ex-
pected that the distribution of the lead would be uniform through the one half and
confined to it. However, a fall in the ratio of the resistances of the two limbs of
nearly .8 per cent, was noticed. In the second experiment the amount of lead
added was 1 per cent., and the fall in resistance of that half of the tube was about

6 per cent.

This negative result is in accordance with that arrived at by Professor Boberts-
Austen with other alloys and by a different method.

Soun Sulphides.—It is well known that certain mineral sulphides conduct
electricity, and it is evident that if such a compound were placed between two
sheets of silver, and an electric current passed through, the condition of the silver

would at once reveal whether any sulphur had combined with it on the one side,

or any metal bad been deposited on the other. Experiments made some years ago
gave a negative result, but they have been repeated more carefully recently. The
plates of silver were connected with an astatic galvanometer and a battery, and the
current varied in different experiments from avery small value up to about I'danip^re.

The condition of the sulnhide was also varied. Sometimes we used small
blocks of native galena, cinnaoar, &c., ground smooth on two opposite faces; in

other experiments we employed finely divided powders.
The sulphides generally produced a slight tarnishing of the plates, but it was

found that something simi^r occurred without the current. In the case of three
sulphides—^lead, mercury, and' copper—however, the tarnishing was extremely
small compared with what would have occurred if the whole current had passed
electrolytically. We concluded, therefore, that there was no electrolytic conduc-
tion, or, if any, very little in comparison with the non-electrolytic.

During the course of these experiments it came to our knowledge that Hittorf,

in 1851, had experimented on silver sulphide fused into solid cylinders, and showed
that the sulphide is electrolysed with the formation of threads of metallic silver.

This we confirmed, working with tightly compressed powder
;^
and we observed

thnt the current was at first small, but rose graaually, and then jumped to a miich
greater value, no doubt at the moment when the space between the poles was
bridged over by the metallic threads. Under the micro^ope the reduced jsilver

seemed to.be fuM. Hittorf observed a similar decomposition of cuprous su^]bide.<

The following are the additional results we have arrived at ;

—

Lend 6't</jpAtVfe.~->This compound, whether in the form of powdered ^lena or the
precipitated sulphide, conducts pretty easily.* It always gave a slight iadicatioB of
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polarisation after the current had passed through, hut so sligl^ that it might have
due to impuritj. The conduction was almost entirely non*^lectrolytic.

Copper Sulphidef Ou8,—^This compound al^, whether fused and powdered or

obtained as a pr^ipitate, conducts readily enough. When silver electrodes y^ere

used nel^'^lari6ation could be detected. With platinum electrodes very little. The
silver plates remained bright when the fused sulphide was employed

;
with the

precipitated substance they were both marked.

Iron Sulphide,—Natural iron pyrites gave no polarisation or discolouration of

the silver electrodes. An artificially-prepared fused compound gave a little polari-

sation, but its composition varies.

Bimuth Sulphide,—Conducts very little. No polarisation was obtained.

Mercury Sulphide {cinnabar),—Same results.

Botaeeium Svdphydrate.—Dried at a red heat, thjs was found to be a non-con-

ductor. The same appears to be true of the eulphidee of calcium and barium.

It appeared, therefore,, that solid sulphides divide themselves into two classes

:

those wmch are electrdlysed, and those whiph conduct with little or no decomposi-

tion. Now it happens that the two sulphides which are easily electrolysed—namely,

the silver and cuprous sulphides, are of analogous constitution, Ag^S and OugS,
and differ in that respect from the others. It occurred to us that the thallium

sulphide Tl^S might be like them. Mr. Crookes kindly gave us some small bars of

this compound, saying at the same time that he had found its power of conducting

electricity to be very rapidly augmented on heating. We found that it rapidly in-

creased in conductivity to about 106®, about which temperature it also softened,

and the conduction was accompanied by considerable electrolysis. We dissolved

up this specimen and estimated the thallium and sulphur. The results showed
that it contained much more sulphur than the compound Tl^S. It was probably a
mixture of that body with the compound Tl^Ss, which is said to be soft even at a

summer temperature.

We therefore prepared a specimen of the thallious sulphide Tl^S ourselves, and,

after carefully drying it at 126® in a current of carbonic acid, found it on analysis

to be nearly pure TlgS. This compound, was not melted even at a temperature of
290®-800® 0 . It shows a small conduction at ordinary temperatures, and up to

100®, after which it increases slowly to about 170®. l^yond this the increase is

more rapid.

Throughout the greater part of this range of temperature—that is, from 60®

upwards—there was evidence of polarisation, the value of which increased very
rapidly as the temperature rose from 100® to 130®. Measurements were made by
the^tentiometer method, the highest value obtained being very nearly 0*3 volt.

The results, therefore, in this case agree with our anticipation that solid sul-

phides similar in constitution to the silver and cuprous sulphides are capable of
being electrolysed; while solid sulphides of the type MS conduct with little or no
decomposition.

On the Electrolysis of Thallium Trisulphide,

Dy J. H. Gladstone, Fh,J),^ F,K8,f andW, Hibbert, F,I,0,

In a communication made to the Committee in the early part of this year we
gave the results of some experiments on the electrolysis of solid sulphides. It was
pointed out that the sulphides electrolysed up to that time—silver and cuprous

sulphides—^were of analogous constitution, containing two atoms of metal to one of

sulphur. Led by this circumstance, we succeeded in getting electrolysis of another

similar compound—^thtdlious sulphide, TljS-^

l^me of our early experiments happened to be made with a compound contain-

ing more sulphur than tnat required oy the formula TLS, and this si^gested an
htteihbt; to electrolyse the compound of thallium and sulphur which has the

formulh TI2S3 . This compound is soft and plastic at the temperature of a warm
s^mer day, and might reasonably be expected to show electrolysis.

We found some difficulty in preparing the compound by the method given

—

i.e,,

D| fusing thallium with excess of sulphur, and driving off the excess at a very high



350 BEPOBT—1888 .

temperature. It wa« much easier to obtain it by first mifidng sohie pure Tl^S and
then gently heating this with the theoretical amount of finely-divided sulphur. At
about the melting-point of sulphur (120^ O.) combination ensues, and at a slightly

higher temperature appears complete. Thus prenared, TL83 is a dark grey com^-

pound, behaving like an extremely viscous body. Under comparatively* slight

pressure, and at ordinary summer temperatures, it can be easily bent and moulded.
In testing whether this compound could be electrolysed, we enclosed a little of

it in a glass tube and then pressed a metallic electrode into contact with it at

each end. Sometimes these electrodes were made of silver, but in most of the

experiments they were of platinum.

Three Grove’s cells.were employed. The resistance ofthe trisulphide was very

high, and the deflection, even when using a high-resistance Thomson reflecting

galvanometer, was generally ^mall. At 12° C. the current was very weak, but it

showed a tendency to increase if the battery ^as left on for an hour or two. The
polarisation was not detectable with such a small current. At temperatures rang-

ing from 20° to 40° or 60° 0. the current increases, and polarisation becomes
evident. The values obtained for the polarisation E.M.F. vary so much with the

temperature and the duration of the electrolising current that only an approxi-

mation can be stated. Generally speaking, the polarisation E.M.F. increased with
the electrolising current, and reached in some cases a value somewhat over half a
volt. In one case a potentiometer measurement indicated approximately 0*8 volt.

It was observed, after all the experiments, that the pellet of trisulphide was no
longer plastic, but had become hard and brittle. As this might be indicative of

a change in composition, a little of the sulphide, simply enclosed in a glass

tube, was sometimes placed in the water-oven along with tbe specimen undergoing
electrolysis. At the close the two specimens presented about the same degree of

hardnem and brittleness
;
and we therefore concluded that the trisulphide is subject

to a molecular change through heat, independent of any effect due to electrolysis.

The efiect of the molecular change was evident during the experiments. After
an hour or so of heating the current would begin to diminish and fall towards
zero. The diminution was probably causedW an increase in the resistance of the

trisulphide, seeing that the polarisation E.M.F. was little altered so long as it could

be measured. It was this phenomenon that generally brought the experiments to

a close.

We thought this increased resistance might be due to a decompo»tion of the

compound TI2S3 at the temperature employed (80°-60°). accompanied by a separa-

tion of sulphur On trying, however, to obtain evidence of such separation, by
treating the specimens with carbon bisulphide, we quite failed. Only a trace of
sulphur was separated, and the quantity was practically the same from both the
original and the changed specimens.

The alteration in properties, which we have supposed to be due to a molecular
change, has a considerable bearing on the inteipretation of the results

;
for in its

plastic form the trisulphide can hardly be looked upon as a solid comparable with
the cuprous, argentic, and thallious sulphides. In the hard and brittle form it can
hardly be class^ as a conductor. Thus our previous conclusion is not invalidated
by it.

On the Polarisation of small Electrodes in Dilute Sulphuric Acid,

By Dr. Feanz Bichabz, of Berlin,

I examined the greatest value the electro-motive force of galvanic polari-

sation possesses with platinum wires of very small surface in the electrolysis of
dilute sulphuric acid.

I. Older experiments by BuflT (Pogg. ' Ann.* 180, p. 84F, 1867) and Fromme
(Wied. ^Ann.^ 88, p. 80, 1888) have given under those conditions 8*8 and
4*8 Danielle for the maximum. In these experiments the polarisation is calculated

frbm measurements of the intensity of the galvanic current during the eleotrolyius,

tacitly assuming that the resistance of the decomposition cell is independent of
tbe intensity of the galvanic current. The correctness of this suppositmn hiul not
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been proved. 1 tried experiments by similar methods, and obtained yet greater
values of the polarisation

; it was calculated with a current density of 12 amperes
per square centimetre as 4*4 Daniells, and increased more and more with increasing

uit^nsity of the galvanic current. It is very improbable that this can be right.

By supposing, however, that the resistance of the decomposition-cell is not inde-
pendent of Ibe intensity, but decreases in a fixed manner with increasing intensity,

the calculation of the same experiments gives small and constant values of polari-

sation.

II. Such a decrease of the resistance of a decomposition-cell with very thin

platinum wires with increasing intensity may be inferred from the following
reasons :—

. ... . .

(a) The resistance of the cell has its principal seat in the fluid layers imme-
diately near the electrodes. These layers, however^ grow warmer the greater the
intensity is, and the warmer these layers are, the less their resistance will be. The
heating so produced can be ver^ great» Calculation shows for my experiments
that (loss of heat not bein^ taken into account), at the greatest intensities employed
(circa 1 ampere), the fluid immediately at the electrode is heated to boiling heat after

a seventh of a second. The heating is proved experimentally by the appearance of
a phenomenon very similar to Leidenfrost’s phenomenon, and depending on the
formation of a steam-case round the electrode.

(A) With small intensities the evolution of gas does not take place over the
whole wire but only on some spots of it

;
with the least intensities only on one

spot.
,

(c) The diffusion in the fluid of the gases evolved by electrolysis corresponds to
a ^ trandtion-resistance ’ (H. von Helmholtz, ' Sitzungsber. d. Berl. Akad.’ 1883,

p. 664). That resistance must relatively he the more important as compared with
the other effects in the cell, the smaller the latter are

;
therefore it must appear as

a resistance increasing with decreasing intensity.

These three causes produce a considerable decrease of the resistance with in-

creasing intensity. The hypothesis according to which the methods mentioned
under I. gave such very high values for the polarisation is thus not fulfilled.

III. T have made measurements ofthe polarisation ofvery thin platinum wires in

sulphuric acid, by a new method, which is independent of the resistance of the
decomposition-cell. The circuit of the galvanic current, which contains the polaris-

ing battery B and the cell z, is closed by the first contact c, of Helmholtz’s pendu-
lum-interrupter (Wied. ^Electr,’ iv. p. 210, 227). A branch wire proceeds from
either side of Cj to a galvanometer g. This branch circuit includes the second contact
c^ of the pendulum-interrupter, and a very great resistance (40,000 Siemens units).

While Cj is closed the current is very weak in the galvanometer. In the short
time between the interruption of and a current, strong for the sensibility of

the galvanometer, goes through it. The impact of the galvanic^ cunrent is propor-

tioiial to the electromotive force of the battery minus the polarisation, ^om the

deflection of the galvanometer I can calculate the mean value of the polarisation in

Ibe time between the interruptions of and c^, and bjr diminishing this time

more and more I can judge if the polarisation during this time has already decreased

ibnsiderably. I shortened that time to 0*00069 second, and diminished the surface

of the platina wires to 0*8 sq. mm., and increased the intensity at those electrodes

to 0*4 ampAre. The values of polarisation which I found were never greater than

nearly 2*4 Baniells, and|taking^ccount of thedecreaseofpolarisation,its value before
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the interruption would amount to at most 2*5 Danielle. That iS| ?he Sfime maximum
as was found for the polarisation also with lai^e platinum plates in dilute sulphuric

acid. Now, with thin wires a great deal of ozone, peroxide of hydrogen, and per-

sulphuric acid is evolved at the anode
; at plates only common oxygen. As the

electromotive force ofpolarisation has the same value in either case, it is to he con-

cluded from the facts that the evolving of those hyper-oxides has no influence

upon the polarisation ; and, further, that the primary electrolytical process by which
the strength of the polarisation is chiefly conditioned is the very same during the

development of common oxygen as at the evolving of 03,Hj|0j2 and S^OgH^ firom

dilute sulphuric acid.

IV. The influence of the formation of S2O8H2 on the polarisation may be judged,
too, from the electromotive behaviour of platinum in S^OgHg. 1 found the electro'-

motive force

Hg
I
Hg^SO^

I
Sb^H^aq

|
S^OgH.aq

|

Pt«=0*76 Dan.
Zn

I

S04H2aq
|
SgOgHi aq '^ Pt = 2*06 Dans.

From which may be calculated

Pt
I
SO^Hgaq

|
SjOgTIaaq

|
Pt = 0*61 Dan.

In this last cell the process effected by the galvanic current is the reduction of the

persulphuric acid, according to the formula

S^OgH^aq *» 2S04H2aq + 0.

Its heat of formation (Berthelot, * Corapt. Bend.’ 90, p. 331, 1880) is equivalent to
0’66 Daniell. It is to be concluded from the conformity of the found with the
calculated value that the reduction of the persulphuric acid in that cell is a
primary electrolytic process. Besides, it must seem very probable that the forma-
tion of S20gH2 at the anode, also corresponding to the inverse process, is a primary
electrolytic process. To its chemical heat of formation a polarisation of the
anode of 0*66 Dan. would correspond. Generally, however, neither the polarisa-

tion alone is given by the chemical heat, nor is S20gH2 alone formed
.

under any
circumstances at the anode.

Beply to Professor Armstrong's Criticisms regarding the Dissociation

Theory of Electrolysis. By Svante Arkhenius.

In his communication at Manchester to the Electrolysis Committee of the

British Association, Professor Armstrong has honoured my views on electrolysis

with a critical analysis from a chemist’s point of view. In the following lines I
will attempt to show how the chief objections that he has made can be removed,
and also that his views present difficulties which greatly militate against their

acceptance.

I and 2.^ Professor Armstrong finds it difficult to explain why some single

bodies, e.g.f silver iodide, conduct electrolytically, whereas other pure bodies, e.y,,

water or hydrogen chloride, are non-conductors. We 'certainty are bound to

assume that fused silver iodide is to a sensible degree dissociated into its ions, and
that the dissociated parts of the non-conductor escape our ol^ervation. ‘ But it

may be remarked that no exact comparison can be made between the two cases,

silver iodide being exaimned at temperatures above 630® (the melting-point of Agl),
HjO and HCl at ordinary temperatures, it being very probable that dissociation

increases rapidly with the temperature. Also, too much stress must not be laid on
the behaviour of pure bodies or of concentrated solutions, as experience shows that
dilute solutions are characterised by very remarkable regularities, analogous to

those which obtain in the case of gases, and that these regularities vanish as the
solutions attain a greater degree of concentration

;
indeed, there seems to be no

connection between the facility with which compounds are electrolytically dis-

sociated in dilute solutions and the stability of tne same compounds in the pure

> The numbers correspond with same numbers in Professor Armstrong’s papier

above referred to, * Comparison between the Views of Dr. Arrhenius and Professor

Armstrong on Electrolysis.’ See 1887 Report, p. 35i^
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state, as Faraday has already remarked. Because of the regularities which
characterise dilute solutious, the dissociation hypothesis has reference almost ex-
clusively to matter in this state, and has, in my opinion, very successfully explained

A great many of its properties.

3. Professor Armstrong assess that solutions in absolute alcohol oppose a
practically infinite resistance. This view is not supported by the recent investi-

gations of Fitzpatrick and Hartwig, from which it seems to follow that ^any
neutral solvent renders electrolysis possible,’ in accordance with the demands of

the dissociation electrolytic hypothesis.

4. According to Professor Armstrong, on the dissociation hypothesis, both
water and salt are to be regarded as dissociated ; nevertheless, the dissociation

hypothesis assumes that conduction takes place only through the agency of the

atoms of the dissociated salt, and not at all throi^h that of the water. From
chemical facts, e.y., the partial decomposition of certain salts into base and acid by
Urge quantities of water, it is very probable that water is to a very slight degree

dissociated into H and OH.' But experiments show also that this occurs to an
extent so extremely small that it will perhaps for ever be impossible to detect it

by measuring the conductivity of water. Also, I have essayed to show that the

only fact cited in favour of a sensible conductivity of water can be satisfactorily

explained without this assumption. In the same manner, different electrolytes,

e.g.y HOI and OgHjOall, are very differently electrolytically dissociated by the

^ same quantity of water, so that the one conducts very well, the other hardly

sensibly ; but we know representatives of all intermediate stages between these two
extremes, so that there is no ground for assuming anything but a quantitative

difference. Experiments on the conductivity of pure water, or of dilute salt

solutions, lead to the assumption that water is not dissociated to any perceptible

degree. If, therefore, as Professor Armstrong asserts, the opinion is common
among chemists that in the case of the electrolysation of ammoniacal solutions

water is (sensibly) electrolysed, then is this opinion a remnant of old views now
abandoned through force of incontestible arguments?

6. In his article Professor Armstrong makes no objection to the dissociation

electrolytic hypothesis, but says ;
‘ I do not mean for one moment to assert that

anything which we know of the conditions on which chemical change depends
negatives beyond question the dissociation hypothesis.’

7. Professor Armstrong interprets the figures of Lenz concerning the parallelism

between diffusivity and conductivity of alcoholic aqueous solutions as an * almost
conclusive argument in favour of his theory.’ It must be remarked that there are

manyi^xceptions to this rule. Thus, e.y., MgS04 and cane sugar diffuse nearly at

the same rate (Graham), although in aqueous solutions MgSO^ is a good con-
ductor, while cane sugar seems not to conduct at all

;
consequently, the two

phenomena are not of the same order, as they should be according to Professor

Armstrong’s hypothesis. * The diminution in conductivity and also in diffusivity

as the amount of alcohol is increased is most striking. If the solvent be neutral,

the substitution of alcohol for water should have little influence
;
but if, as I

suppose, the solvent be active, alcohol being far less active than water, the effect

to be expected is precisely of the nature of that observed.’ In coming to this con-
clusion a very important thing is lost sight of. The conductivity depends on two
circumstances—viz., the degree of electrolytic dissociation, and the friction which
th$ ions must overcome in their passage through the solution. The first circum-
stance must, as Professor Armstroi^ asserts, have but little altered in Lenz's

experiments with diluted KI and Nal ; the diminution in conductivity must conse-

quently have chiefly depended on the increase of the friction with the quantity of

alcohol, which is d priori very probable. Evidently one must expect that the

diffusivity also diminishes as the internal friction increases, and in this manner the

.

parallelism between conductivity and diffusivity in Lenz s figures is quite explicable

oy theans of the electrolytic dissociation hypothesis.

8. * Why, then, should it (the electromotive force) not gpve direction to the

moving molecules, if these are still possessed of “ residual affinity ”—i.c., if some

1888.

* Wied. AnnaleUf xxxifl,, p. 68, and Phil, Mag, (6), xziv., p. 377.
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T
portion of the original charge of the atom be still unneutralised P

* According to

this passage I cannot understand Professor Armstrong to mean otherwise than

that the molecules will be directed by the electromotive forces, and consequently

themselves move along the lines of flow. This way of viewing the question would
lead one to expect the molecules to separate the electrodes

;
but it is found

experimentally that not molecules but ions are transported to the electrodes.

9. Professor Armstrong finds it difficult to explain why phenylpropiolic acid

O.fiO-H conducts better

—

i.e.y is more dissociated, than hydrocinnamic

acid, -r CHa.CO.^H. But there are other peculiarities, which, perhaps,

are very nearly connected with this circumstance, viz., the physical .properties

(heat of combustion, refraction of light), which indicate that the triple union in

CgH^.C^O.COoH is less firm than the simple union in CgHg.CHjj — OII2.OO2H.

10. The formula proposed fly Professor Armstrong—

C = S/R,

* 0 being the amount of change, E the intensity of the total chemical effect,^ and
R the resistance of the solution in which the interaction takes place, is not? verified

by expenence. Thus, in the case of the hydrolysis of ethylic acetate by means of
bases, * the intensityofthe total chemical effect ’ (E) must be but very little influenced

by the presence of neutral salts; R, on the contrary, very much. But experience

shows that ‘ the amount of change ’ (the velocity of interaction C) alters but very
little (for strong bases) if R be increased by addition of neutral salt from 1 to
about 20. In the case of ammonia C decreases extremely rapidly, when R
decreases in consequence of added neutral salt. These phenomena are easily ex-
plained by the electrolytic dissociation hypothesis, the velocity of interaction being
proportional to the quantity of OH in the form of ion.

The arguments brought forward by Mr. Crompton on the conductivity of
sulphuric acid seem to me not very convincing in favour of the view that hydration
of H2SO4 should condition the electrolytic conductivity.^ There is no reason
mentioned why the second derivative (Pkjdp* (where k is conductivity and p con-
centration of the acid in per cents.) should have angular points at the places men-
tioned ; on the contrary, the author says that he had expected to find such angular
points in the dkjdp curve, but when he did not find them there he proceeded to the
examination of d^k\dp^. The author does not take heed of the errors of experi-
ment

;
a search would probably have shown that these errors in many cases are of

the same magnitude as cPkjdp^ itself.* Further, the author does not find the same
hydrates as MendelejefF (H2SO4 + 24 HgO not appearing in MendelejefFs curve,
HjSO. + 6H2O not being marked by Crompton’s curve). The part of Oromnton’d
curve oetween HaSO^ and H2SO4 + 2H2O can hardly be considered as consisnng of
two straight lines, as the author asserts. The artificial nature of the proposed
formulae is manifested by’the circumstance that they give very different values of k
at the limiting points where two formulae should be applicable. Moreover, there
is a very important difference between the views of Mendelejeff and of Cromptpn.
Mendelejeff says, * Ich habe schon lange die schwachen Losungen ala die inte-
ressantesten angesehen und dieselben dem zerstreuten oder verteilten Zustande dej?

Materie in Bampffbrm an die Seite gestellt. Die bemerkenswerten Untersuchungen
von van ’t Hoff* haben gegenwartig dafiir einen vollstandigen Beweis erbracht,’

whereas, according to Mr. Crompton, dilute solutions are raaracterised by their
irregularities.

The above observations will, I believe, suffice to show that the objections

* In saying this I wish not to deny that some (but very few) hydrates
H28O4 + HjO, as Eohlrausch has stated) exert an influence on the conductivity, but
only to say tiiat the assertions of Mr. Crompton are to a very high degree ex-
aggerated.

> Being fully conscious that existing data are insufficient for the complete dimms-
sion of the problem, Mr. Crompton is engaged in determining the change in conduc-
tivity with concentration of a number of solutions

; and with the object of discrimi-
nating between errors of experiment and true changes in direction of the curves he
is paying particular attention to the influence of teiflperature (H. E. A.).
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urged against the dissociation electrolytic hypolhesis are unsatisfactory, and that

the arguments in favour of the residual affinity hypothesis need a more convincing

corroboration than hitherto given. On the other hand, the dissociation electrolytic

hypothesis has latterly acquired a highly increased probability, as the lowering of

the freezing-point on addition of ktlts to water, and the additive properties of salt

solutions can be explained by it. In a preliminary notice Ostwald has announced
that the conductivity of acids and bases can be calculated upon the basis of this

hypothesis
;
and in a paper soon to be published in the * Zeitschrift f. Phys. Ch.’

I will attempt tO'prove that the known mcts regarding conductivity of mixt ures,

velocity of interaction, and double decomposition between electrolytes can easily bo
accounted for on the same hypothesis.

Note on the foregoing Reply. By Henry E, Armstrong.

It is not, I think, desirable for me to attempt to reply at length to Dr. Arr-
henius

;
^pvidently he retains his original position, but apparently he has not

appreciated the character of all my arguments. Thus I cannot imagine how he
conceives (§ 9) that any conclusion as to the triple union in the acid

CgHg.O—C.OOoH being less firm than the simple union in CgHg.CII^ — Cllg.CO.,!!

—^which I entirely dispute {of.
^ Phil. Mag.’ 1887, 23, 103^—affects the question

at issue, which is whether phenylprop^ic or cinnamic acid is the more readily

separable into its ions, «.c., Cylij.C^O.OO^ and H in the one case, and

OgHg.CHj.OHj.C'Og and H in the other.

K in the formula 0 = E111(§ 10) was never regarded by me as simj^ly the

resistance of the mlution in which tlie interaction takes place
;

it is the resistance

of the circuit in which interaction occurs. This latter may be quite different from
the former, as of a number of substances in solution some only may be capable of

entering into the true circuit of change. The influence of added neutral salt may
be of a very complex character, and until we know more of the constitution of

.solutions it is very difficult to arrive at any decision as to its exact character.

No doubt I exaggerated/ and should have said (§8) that the resistance of

alcoholic solutions is very great in comparison with that of con*esponding aqueous
solutions. I cannot accept either Fitzpatrick’s or ITartwig’s results as finajl,

interesting as they are, as they were obtained with ^ commercial ’ alcohols
j

it is

very important that alcoholic solutions should be examined, but this would
be a task of exceptional difficulty.

Dr. Arrhenius says (§ 7) that diminution in conductivity on addition of

alcohol must chiefly depend on the increase of friction with the quantity of alcohol,

roliich is a priori very prohahle. But is it? We know that alcohol does occasion-

ally form compounds corresponding to hydrates, but as a rule they are far less

stable than the hydrates. To the chemist it would therefore seem probable,

d priori, that friction would diminish with the quantity of alcohol. Cane sugar,

as Dr. Arrhenius points out, appears not to be a conductor in aqueous solution,

nor is water: therefore, neither is appreciably dissociated in aqueous solution,

according to the dissociation hypothesis
;
yet cane sugar may be hydrolysed by

mere heating with water alone. This and a multitude of similar facts appear to

ine to weigh heavily against the dissociation hypothesis.^

1 cannot believe that the sudden increase in conductivity of solid silver

iodide (§§ 1, 2) at about 160® is due to a sudden dissociation of the molecules into

* The hydrolysis o’f cane sugar under such circumstances is conceivably condi-

tioned by the presence of metallic salts, derived from the glass vessel in which ijje

operation is performed. A more effective argument is supplied by the extraordinarily

rapid hydrolysis of cane sugar, which is induced by the unorganised ferment irwertasey

derivable from yeast. As typical of the mode of action of such a substance, I may
refer to the hydrolysis of the isocyanides R.NC of Gautier, and Hofmaiin, which are

unafifepted by alkalies, but immediately attacked by aqueous acids : it is significant

that these cyanides form crystalline convpounde with hydrogen chloride and a number
of anhydrous acids, and that the compounds at once interact with water.

. A A 2
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the constituent atoms or ions ;
the change appears to me to he precisely of the

character of that which occurs when ice suddenly liquehes at 0% and may equally

be regarded as the result of a sudden alteration in molecular structure.

I will only add that I have attempted to take into account the properties of

matter in all states^ not merely the state of extreme dilution.

The following remarks by the Cheiriical Secretary, Dr. Armstrong,
are appended, in order to direct attention to what he considers the an*

certainty in which our conceptions of the fundamental phenomena of

electrolysis are still enshrouded, notwithstanding the very definite asser-

tions of recent foreign workers :

—

There can be no doubt that Ihe work done during the past year—^which in many
ways has been one of remarkable activity V—has tended more and more to favour
the acceptance of the dissociation theory of electrolysis, that the conviction has
been strengthened that electrolysis is primarily an affair of atoms : indeed, so far

has this idea gained ground, that it is even argued by Arrhenius, whose co^fclusions

are accepted% Ostwald and others, that in dilute solutions of hydrogen chloride,

for example, as much as 90 per cent, of the HOI is dissociated into its ions. Prof.

J. J. Thomson, in his recent work, * Applications of Dynamics to Physics and
Chemistry,’ has, I think, very happily criticised this conclusion in the following

passage (p. 213) :

—

* The reasons given for this conclusion do not seem to me to be very convincing,

and the experimental results on which they are based seem to admit of a very
different interpretation. The supporters of this theory urge that,' for the salt to

produce the effect which in some cases it does, it is necessary to suppose that the

molecules of the salt exert a greater pressure than they would if they occupied the
same volume at the same temperature when in the gaseous condition. This
reasoning is founded on the assumption that all the effects due to the dissolved

salt may be completely explained merely by supposing the volume occupied by the
solvent to be filled with the molecules of the salt in the gaseous condition. Now,
though we may admit that the salt does produce the effects that would be pro-

duced by this hypothetical distribution of gaseous molecules, still it does not follow

that these are the only effects produced % the salt. The salt may change the

properties of the solvent, and the effects attributed to the dissociation of the
molecules may in reality be due to this change.’

Deville, who studied the behaviour of hydrogen chloride at high temperatures
by means of his well-known apparatus with an internal cooled tube, observed only
traces of dissociation at 1300*^, and Crafts and F. Meier could detect no appreciable

dissociation in porcelain vessels at 1500*^, although in platinum at about 1700%
according to Victor Meyer and Danger, it is to a considerable extent resolved into

the component elements. That a gas of such stability should be almost entirely

dissociated by mere dissolution in water is to me incredible.

Apart from actual electrolytic studies such as those of ALrrhenius and Ostwald,
the most important influence in forming opinion has been exercised {a) by van ’t

Hoff’s masterly generalisation (cf.
* Phil. Mag.,’ 1888, 26, 81), to which Prof. J. J. •

Thomson is referring in the above-quoted passage, that the molecules cf dissolv^
substances in dilute solutions exert the same pressure as they would if they were
in the gaseous state at the same temperature and volume;, and (b) by the intro-

duction of Baoult’s method of ascertaining molecular weights of dissolved sul^
stances by determining the extent to which they depress the freezing-point of the
solvent (cf. ^Chemical Society’s Transactions,’ 1888, 610). While recognising the

beauty of the conceptions, and while ready to admit that they m^ be appHcame in

many cases, my opinion is very much that expressed by Prof. J. J. Thonison. ,1,

agree with him that it is both nossible and probable that a change in the constitu-

tion of the solvent is effected oy the dissolved substance (cf.
* Chemical Society’s

Transactions,’ 1888, 125). The extraordinary effect on the properties of gold and
copper, for example, of small amounts of certain foreign matters, so well known to

^ Cf. Ostwald and van ’t Hoff’s ZeiUcUriftfiirphyiiJialuche Chemie.
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electricians in the case of copper, and which has recently been brought pro-
minently into notice in the case of gold by Prof. Roberts-Austen, may be cited

ill illustration of the kind of effect on the solvent which conceivably may arise.^

The arguments in favour of the dissociation theory appear indeed to oe based on
a narrow interpretation of the results : the dissolved substance alone is regarded as

active, the solvent is neutral; the indubitable complexity of the phenomena of
dissolution and of chemical interchange generally is entirely left out of considera-

tion. Many chemists and physicists continue to regard values as simple constants

which there is the strongest reason to believe are composite. The law of the

constancy of the so-called atomic heats of the elements is an illustration. It is well
known that in the case of the majority of the elements tha product of specific heat
by atomic weight is approximately a constant : wo are thereby enabled in many
cases to determine atomic weights, but, be it noted, by a measurement effected with
the aid of molecules, not of atoms

;
these molecules are undoubtedly of very varied

atomic complexity, and it would seem that we are bound to assume that the nearly

constant value of the so-called atomic heat is the outcome of a kind of balance

—

that as, in raising the temperature oi' a solid, work is done intei'- and tniSra-molecu-

larly, the amount of intermolecular work is greater in some cases and less in others,

and the amount of intramolecular work proportionally less or greater, the amount
per atom being, however, about the same in most cases. May we not interpret the

simple results obtained by Raoult’s method in a similar manner? Is it not
probable that the effects are in reality often produced by molecular complexes of

the fundamental molecules, the latter corresponding to the atoms to which we
refer the result in discussing variation of specific heat with atomic weight?
Perhaps it is only in cases in which atomic rearrangement has taken place that

Raoult’s method affords evidence of increased molecular complexity, as in the

case of aldehyde and paraldehyde, for example ;
in such a case as that of dextrose,

which, whether freshly dissolved or not, produces an effect such as is Required on
the assumption that its molecule has a weight corresponding to the formula

C^HigOg, there may be no atomic rearrangement but the mere juxtaposition of

molecules involved in the formation of a ‘ molecular ’ compound.
Arrhenius, Ostwald and others regard both electrical conductivity and chemical

activity as similarly conditioned by the degree of dissociation—in their opinion,

very active substances, such as sulphuric acid, are to a large extent dissociated in

solution
;
inert substances, such as acetic acid, are but to a slight extent dissqpiated

in solution. But the adherents of this school all overlook the fact that there are

two distinct theories of chemical interchange : the older theory that the interacting

molecules initially combine and that the resulting complex then splits up—which
may be termed the integration theory; and the more modern dissociation theory.

T am led to regard 'the former as the more comprehensive and generally applicable,

especially as comparatively so few compounds are electrolytes, and I venture to

think that physicists also would incline more to my belief if they would assume a
somewhat different mental attitude towards the facts, and would seek to fully

unravel the entire series of changes involved in chemical interactions.

The attention of the Committee has in previous years been directed to the

question whether electrolytic conduction and metallic conduction are sharply

separated froiln one another, and last year experiments by Prof. Roberts-Austen
were described which appeared to show that alloys do not conduct electrolytically.

Prof. J. J. Thomson deals with this question in his already-mentioned work in the

following passage (p. 296) ;— *

/There does not seem any necessity fpr supposing that the passage of electricity

through metals and alloys is accomplished in a fundamentally different way from

that ImrOugh gases and electrolytes. For the chief differences between conduction

through metals and through electrolytes are—(1) that in electrolytic conduction the

components, of the electrolyte appear at the electrodes, and we have polarisation

;

,
? Prof. Boberfs-Austen informs me that the melting-point of gold is lowered to

about that of zino by of silicon.
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and (2) that the conductivities of electrolytes increase while those of metals diminish

as the temperature increases.

‘A little consideration will show that we could hardly expect to detect [polari-

i^tion] in the case of metals or alloys, for here instead of, as in electrolytes, the

property of splitting up being confined tp a few molecules sparsely scattered

through a non-conducting solvent, the whole of the molecules can thus split up
; thus

the rate of disappearance of any abnormal condition would be almost infinitely

greater than in the case of electrolytes, so that if any polarisation were produced it

would probably die away before it could be detected. The only case in which we
could expect to detect the appearance of the constituents of tlie conductor at the

electrodes is that of the* alloys, but even in this case Prof. Roberts-Austen was un-

able to detect any change in composition in the alloy round the electrodes. We
must remember, however, that an alloy difiers very materially from an electrolyte, be-

cause w^e in the latter we have a few active molecules embedded in a non-con-

ductor, in the former it is as if the solvent a^; 'well as the salt conducted, so that the

discharge is not concentrated on a few molecules of definite composition, but can
travel by an almost infinite variety of paths.

* Then, again, the statements about the effect of heat on the conductivity of

elements and electrolytes though true in general are subject to exceptions
;
thus, the

conductivities of selenium, phosphorus and carbon increase as the temperature in-

creases
;
that of bismuth is said to increase at certain temperatures

;
and 1 have

lately found that the conductivity of an amalgam containing about 30 per cent, of

zinc and 70 of mercury is greater at 80° than at 16°. We must remember, too,

that the rate of increase of conductivity with temperature for electrolytes diminishes

as the concentration increases. No sharp line of demarcation can therefore be
drawn between the two classes of conductors on this account.

* There does not seem any difference between metallic and electrolytic con-

duction which could not be attributed to the vastly greater number of molecules

taking part in metallic conduction, whilst .assuming that in all cases the current

consists of a series of intermittent discharges caused by the rearrangement of the

constituents of molecular systems.'

I call attention to Prof. J. J. Thomson’s remarks both on account of their sug-

gestiveness and in order to point out that we are not in a position to make any
such statement as the above regarding selenium, phosphorus and carbon. All
observers hitherto have dealt with more or less impure substances—everyone, in

fact, knows that the so-called carbon which conducts is not carbon at all in the

true chemical sense. The conductivity of the substances in question may well be
conditioned by the presence of the associated impurities, just as that of water
appears to be, and hence their behaviour as electrolytes in respect of temperature
changes; Shelford JMwell’s experiments with selenium distinctly favour this view.
The difierences between metals and non-metals are so great that the chemist has
difficulty in resisting the conclusion that there is some very radical distinction to

be drawn between metallic and non-metallic matter, although in practice it is im-
possible to say where metals end and non-metals begin. If it be found that the
more nearly pure a non-metal is the greater is the resistance which it opposes, it

will some day be possible, perhaps, to classify the elements into metals and non-
metals on the basis of their electrical behaviour. In the hone of obtaining evidence
on this point I have latterly been engaged in purifying selenium, with the object

ultimately of determining its specific resistance
;

it appears highly desirable that
^ metalloids ’ such as arsenic and antimony should also be earemUy examined from
this point of view.

,

The increase in conductivity ofbismuth and of Prof. J.J*. Thomson’s zinc amalgam
at higher temperatures may well be due to a change in molecular composition, such
as occurs in solid silver iooide, for example

;
both are cases in which the occurrence

of such a change may be considered as probable. That molecular structure is au
all-important element in influencing conductivity is all but established by the ex-
traordinary diminution in conductivity effected by minute quantities of foreign
elements in the case of copper, for example. In short, I am of opinion that as yet
there i§ no experimental evidence to justify any modification of the time-honoured
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conclusion that electrolytic and metallic conduction are essentially distinct
phenomena.

Considerable discussion has taken place during previous years in the Committee
as to the theoretical determination of E.M.F. on the lines originally indicated by
Sir Wm. Thomson from thermochemical data, and attention has been directed to the
necessity of taking into account reversible heat eliects. I may be allowed to re-

iterate the opinion that the evidence tending to throw doubt on*Sir Wm. Thomson’s
law connecting the E.M.F. of a cell with the attendant chemical changes cannot
as yet be regarded as in the least degree conclusive, and I venture to olfer a brief

criticism on the experimental work which has buen done in this direction—chiefly

by F. Braun (Wiedemann’s ' Annalen,’ 1882, 16, 661 ; 17, 693) andby Wright Pro-
ceedings of the Physical Society ’), who have measur^ the E.M.F. ’s of a large
number of different cells, and have compared the values found with those calcu-
lated from the chemical changes whi6h they assume take place in them. The
calculated and observed E.M.F.’s were found to agree in only a limited number of
cases

;
in a considerable number the observed E.M.F. fell more or less below that

calculated
;
in a few it was greater

;
and Wright has specially instanced a number

of cells in which the current flows in the opposite direction to that which was to
be anticipated.

The measurement of E.M.F. was made either by means of an electrometer
;
or

with a galvanometer, using currents of very small intensity
;
and there is no reason

to doubt the results. But both observers were, as I have said, content to assume
that the chemical changes were of a particular kind, and made no attempt whatso-
ever to study them in detail from the chemist’s point of view.

. Now it has been pointed out by Laurie (* Phil. Mag,’ August 1886) that the
extraordinary results obtained by Wright with aluminium zinc cells, which give an
E.M.F. opposed to that calculated from the thermal data (of no less than 1*6 volt in

the case of the sulphates), are to be accounted for on the assumption that he was
not dealing with aluminium at all but with tduminium oxide supported on an
aluminium plate. It appears to me, then, that the whole of Braun’s and Wright’s
results are open to this criticism, as the method of measurement which they
adopted is one that would permit every surface impurity, every impurity in the

1

2

3

4

6

6

7

n
8

Zn—H4SO4+IOOH2O
Cii—conc.CuS O4,Aq

1 Zn—HjSO^.Aq' .

\ Cd—conc.CdS04,Aq

J
Zn—HCl.Aq

(
Ag—AgOP.
rZn—H2SO4 + IOOH2O

\ Carbon—HNO3

.

\ Zn—H2SO4 + IOOH2O

\ Carbon—HNOs + THgO
(Zn—H2SO4 + IOOH.P .

} Carbon—CrOj + SOs,Aq
( Cu—H2SO4 + IOOH3O

I Carbon—HNO9 .

/Cu—HJSO4 + IOOH3O .

1 Carbon—HNOj + THjO
JFe—FeCla,Aq ..

I Carbon—Fe^ClsAq

Chemical Energy
in heat units

Observed
relative

E.M.F.
Absolut© 1 Relative

60,130 1 1

16,210 •32 *32

.64,080 1*08 1*065

96,080 1*92 1*86

82,810 1*66 1*69

99,790 1*99 1*86

46,960 *92 •88

32,680 •65 •73

44,410 •89 •90

^

* To reduce heat units , per dyad gramme-molecule direct to volts, use the divisor

46,000. The column headed ‘relative’ in the table would then run, 1*1, *35, 1*18

2*08, 1*80, 2*16, 1*00, ‘71, *97.
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^ents—not excluding dissolved oxygen—to exercise its proper effect. Julius

^oinsen has expressly recognised this source of error, and has pointed out the

absolute necessity of measuring the E.M.F. of the element in full activity if it be

desired to determine the full effect produced by the chemical interchanges which

are involved in its action (‘ Thermoch, Untersuchungen,’ III., p. 487). On this

account his comparisons ofobserved and calculated E.M.F.^s niay well be set against

those of Braun and Wright
;
they are as given on the preceding page.

AVhen it is borne in mind that in the c^ase of nitric acid the products of change

gradually accumulate and produce an effect, the agreement between theory and

practice is remarkable.

Braun argues that ‘•chemical energy ’ is of the form of heat energy, and that in

its conversion into electrical energy in the cell there must therefore necessarilv be

some loss—some degradation ;* he terms that fraction of the total energy which

takes the form of current the electi'omotiv^ effidency (Helmholtz’s Freie Energies

and seeks to connect this with the diSsocaation temperature of the compounds
formed at the electrodes. But if, to -use Faraday’s words, ‘the forces termed

chemical affinity and electricity are one and the same,’ there is, I imagine, no d
priori objection to be urged against Sir Wm. Thomson’s law.

Braun has based a determination of the ‘electromotive efficiency ’ of a number
of chemical changes on the assumption that the E.M.F. developed, for example;

between silver, silver bromide, bromine and platinum, is to be regarded as developed

simply in the formation from silver and bromine of silver bromide : the value found

was 84 ;
that deduced from the heat of formation is 91 ;

so the electromotive effi-

ciency ^ experiments were made in a very careful manner, and excep-

tional precautions were taken in purifying and drying the materials, the bromine

used being purified by Staas’s method. But the fact that a current was produced

between silver, bromine and platinum, and between silver coated with silver bromide,

bromine and platinum is, to ray mind, sufficient to throw doubt on the results. It

is impossible to prepare pure bromine
;
and it is a fair assumption to make that, if

the materials had been pure, no current would have been observed : the determina-

tion of the E.M.F. is therefore of uncertain value
;
the number deduced cannot have

been the outcome simply of the formation of silver bromide, as secondary change

must have taken place to some extent.

I therefore venture to think that, up to the present, no exjperimental disproof of

Sir Wm. Thomson’s generalisation has been given : on the other hand, the fluctua-

tions in E.M.F. which accompany slight changes in composition—such as have been

so clearly brought out by Lord Rayleigh’s investigation of the Clark cell and by
Wright’s and Fleming’s investigations of the Daniell cell—and also the influence

which every change in the conditions exercises on the course of chemical change,

would appear to favour the assumption that the electromotive efficiency of chemical

change does not differ from the theoretical to the extraordinary extent that Braun
suggests.

Before the temperature of dissociation can be taken into account as suggested

by Willard Gibbs, we require to know to what extent this depends on the nature

of the surface in contact with the dissociating substance. v

It is also desirable that a clearer statement of the nature of the reversible heat

effects should be given. I can picture to myself that on passing a current across a

metallic junction the molecules oecome somewhat deflected from their original posi-

tions, or rotated, and that heat is developed on their subsequent return towards the

normal position
;
but if this be the nature of the Peltier effect, and the con-

verse action occur when thermo-electric currents are develope<3, it does not appear

probable that the reversible heat effects at metal-liquid and liquid-liquid junr^iona

would be of the magnitude to account for the extraordinary differences said to»'

obtain in many cases between observed and calculated E.M.F. .
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Report of the Committee^ comiating of Messrs. W. Carruthers,
W. F. R. Weldon, J. Gt. Baker, Q. M. Murray, and W. T.

Thiselton-Dyer {8ecretary\ . appointed for the purpose of
exploring the Flora of the Bahamas.

The Committee accepted the proposal of the well-known Danish botanist,

Baron Eggers, to undertake the work entrusted to them as far as the sum
at their disposal would allow. Baron Eggsrs left Europe in ISTovember last

and returned in April. Mr. Baker, the principal assistant in the her-

barium of the Royal Gardens, Kew, has examined the collection trans-

mitted by Baron Eggers to Kew (a similar one has been sent to the
Botanical Department of the Natural History Museum). He has favoured
the Committee with the following report upon it :

—

The collection made by Baron Eggers contains representatives of 367
numbers. Of these eight are flowerless and indeterminable, and thirty-

five represent duplicates or a second form of a species ; so that the collec-

tion contains 314 species of which the genus can be determined, and these

represent 214 genera and 74 natural ’ orders. A catalogue has been
made, which will be kept for reference at Kew.

Previom Collections,—A. few species were collected in the Bahamas by
Catesby early in the eighteenth century, some of which are figured in his

‘Natural History of Carolina,^ which was published in 1754. In Grise-

baoh’s * Flora of the British West Indian Islands,’ the first of the series

of colonial floras issued from Kew, which was published in 1864, under
200 species are recorded from the group, mainly on the authority of a
collection sent long ago by Mr. Swainson to Sir W. J. Hooker. Between
1877 and 1880 Mr. L. J. K. Brace sent, through Governor Robinson,, to

Kew seven parcels, containing in all 625 numbers. The collections of

Swainson and Brace probably contain about 200 species not gathered by
Baron Eggers, so that we now know from the Bahaman group about 500
species. .

Ar-alysis of the Bahaman FZora.-T-Grisebach considered, and no doubt
rightly, that the Bahamas, with Turks Island, should l)e regarded botani-

cally as a distinct province of the West Indian region. In the whole of

the British West Indies about 3,000 plants are known. There are about
twenty inhabited islands in the Bahaman group, none of which rise to

any considerable elevation. Its area is given in the Colonial Office List

at. 4,466 square miles, which is a little more than that of Jamaica. The
islands range over six degrees of latitude (21° to 27° N. lat.), and form
tho northern province of the West Indian region. It is only here that

the Conifers form dense woods at a low level. The Bahaman Finns

endemic, and is not included in Parlatore’s monograph. Only the cones

were known to Grisebach, but now Brace and Eggers have obtained full

material. It has '^hree leaves in a bundle and they are nearly a foot

long) so that, as Grisebach suspected, it is allied to Finns Tceda. Baron

Eggers describes it as a tree forty feet in height with a trunk a foot

in diameter. He has obtained fiowerless specimens of the Bahaman
cedar, which we did not berore possess in the Kew Herbarium. So far as

the material goes, it agrees with the Bermudan Juniperus hermudiana^

which is also found in the mountains of Jamaica. In New Providence

this also forms a tree forty feet in height. Several of the more tropical
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West Indian orders, e,g.^ Dilleniacece, Plperacece, QnUiferm^ TernstromictceaBf

and Qesneriacecey are not represented in the Bahamas, and other large

characteristically tropical orders, such as Myrtacecsy LauracecOj and Mela-
stomacecp very feebly. The predominant orders are CompositcBy LeguminosoBy

MuhiacecBy and Euphorbiaceca. There is a very large proportion of genera
to species, no genus being represented by more than five or six species.

A bamboo was collected without flowers, both by Brace and Eggers.
There are three palms, all of which are widely spread West Indian types.

Upwards of twenty shrubs, trees, and perennial herbs are supposed to be
endemic in "the Bahamas. Of these the most interesting are the Finns
haJiamensis already mentioned

;
three MimoseoBy Mimosa bahamensi^y Acacia

acuiferay and A. coriophylld
;
two CompositcBy Vernonia bahamensis and

Salmea petrobioides
;
one Passion-flower (Passijlora pecHnata)

;
Oroton

Eluteriay G. Gascarillay and Argithamma sericea in Euphorbiacece

;

in
OrchideWy Bletia purpurea and two or three Epidendrums ;

Jacaranda
bahamensis in Bignoniacece; Q,nd Phialanthus myrtilloideSy and Stenostomum
myrtifoUum in Bubiacece. The non-endemic plants of the group may be
classified in three groups :

—

1. Characteristically West Indian types.

2. Widely spread tropical American types.

3. Cosmopolitan weeds and shore plants, such as Suriana maritimay
Ximenia amcricanay and Buppia maritima. Each of the three is largely

represented.

The Gollection of Baron Eggers.—The collection of Baron Eggers was
mainly made in the small island of New Providence, where the capital

(Nassau) is situated, and as this was also the case with the plants of
Mr. Brace, a largo proportion of the species are identical. The two
collections supplement each other very usefully, for the shrubby plants

of the Bahamas often show evidence of a considerable amount of such
alteration as is produced by greater exposure, and in several genera (for

instance, Erythroxylumy Eugeniay Bsychotriay FicuSy and Goccoloba') it will

be needful to have further specimens of the New Providence types before
it can be safely decided what their relations are with the Cuban or the
Jamaican species. One of the most interesting plants Eggers has gathered
is the AchraSy figured by Catesby (vol. ii. t. 87), which is evidently distinct

specifically from the well-known Achras Sapota. He has added to the
Bahaman flora the Bhamnaccous genus Beynosiay known previously in
Florida. He has found a new species of the Mutisiaceous genus Anor
straphiay of which several species are known in Cuba. In Schoepfia
Buxus and Idnum he has obtained full material of new endemic Bahaman
species before known imperfectly. In a few cases his material shows
that species supposed to be endemic are not really distinct. For instance,

he has connected Groton Btjalmarsonii of Grisebach with the widely
Bpread Groton lif-cidus of lAnnsdus.

,

Economic Bahaman Plants.—The group produces*several interesting
plants of economic value. Of these the principal are-^

Mahogany

—

Swietenia Mahogani.
White Cinnamon

—

Ganella alba.

Lignum vitas

—

Guaiacum sanctum.
Sabicu

—

Lysiloma Sabicu.

Cascarilla Bark

—

Groton Eluteria.

yy yy Gvotou Goscarilla.

,, „ Sideroxylon mastichodendron.
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"Further Exploration,—Oat of the twenty islands we can only look
upon New Providence, which is a small island twenty miles long by
seven miles broad, as at all adequately searched. Besides New Provi-
dence, Baron Eggers has collected a few species in Acklin’s Island, Hog
Island, Long Island, and Fortune Island. The five largest islands of the
gronp are still nearly or quite unknown botanically. The island of
Andros is nearly a hundred miles long by thirty miles broad, and has a
mere fringe of population and a centre made up of forest and swamp.
Abaco is nearly as long, but narrower and less promising. Eleuthera is

the island in which pine-apples and other fruit are ‘mainly grown for the
Americain market. St. Salvador, the first land touched by Columbus,
and the Great Bahama are both islands of*considerable size, quite un-
known botanically, so that thera ia abundance of work for future
explorers.

Second Report of the Committee^ comisting of Professors SchAfer
{Secretary), Michael Foster, and Lankester, and Dr. W. D.
Halliburton, appointed for the purpose of investigating the

Physiology of the Lymphatic System* {Drawn up by Dr.

W. D. Halliburton.)

Last year the committee appointed for the purpose of investigating the

physiology of the lymphatic system presented a preliminary report dealing

with the chemical physiology of the lymph cells as contained in lymphatic
glands. They are able this year to present a report dealing with the

same subject from a rather different standpoint. The work has been
carried out by Dr. Halliburton in the Physiological Laboratory, Uni-
versity College, London.

Professor Schafer and Dr. Halliburton have in the same laboratoiy

commepced observations upon the movements of the walls of lymphatic

vessels. This research is not, however, sufficiently advanced to enable

the investigators to present a report as yet
;
they hope, however, next

year to be able to continue their researches in this direction. •

The following is Dr. Halliburton’s report on the chemical physiology

of lymph cells.

It was stated in the report presented last year that the following

protfeids are contained in the protoplasm of the cells of lymphatic

glands ;

—

1. A globulin which coagulates at 48® to 50° C. GelUglobulin a.

2. A globulin which coagulates at 75° C. Cell~glohulm /3,

3. An albumin which coagulates at 73° C. OelUalbumin a,

4. An albumin which coagulates at 80° C. CelUalbumin jS,

6. A peculiar proteid, with physical properties like mucin ;
with other

characters like k globulin, and which was described provisionally as a
mucindike globulin.

These proteids are contained in extracts of the lymph cells made with

various saline fluids, and can be separated by the usual methods of pre-

cipitation by neutral salts and fractional heat coagulation.

. A few quantitative experiments have shown that the mucinoid

globulin is the most abundant, and composes the greater part of the cell

protoplasm; the cell-globulin is the next most important quantitatively
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of tlie proteids present. Cell-globnlin a and the two aibutnins, especuuiy
the P variety, are present in only small quantities, and cell-albumin p
seems to be often altogether absent.

Some further investigations upon the properties of the mucin-like
proteid have led me to conclude that it belongs to a class of proteids

called by Hammarsten ^ nucleo-albumins. These proteids resernble

globulins in the way in which they are precipitated by salts, and also in

their insolubility in distilled water. They, however, differ from globulins

by yielding an ash rich in phosphorus, and on gastric digestion yielding

an insoluble residue of the nature of nuclein, which is also rich iii phos-
phorus. The substance was purified in the following way

An extract of the cells in 10 per cent, sodium chloride solution has a
slimy mucus-like consistency

;
it filters very slowly, but it can be

separated from the insoluble residues of the cells (nuclei, &c.) by filtra-

tion under pressure. On pouring this filtrate into a large excess of dis-

tilled water, the globulins are precipitated in a finely fioccnleht condition,

and sink to the bottom
; whereas the mucin-like proteid is precipitated

throughout the water in the form of cohesive strings, which in a few
minutes contract, and finally collect in sticky lumps which float upon the
surface of the water. These were thoroughly washed with and kneaded in
distilled water, and finally washed with rectified spirit and absolute
alcohol. This substance after ignition yielded an ash rich in phosphorus.
It was easily soluble in 1 per cent, hydrochloric acid

;
on diluting this

solution fivefold or even tenfold with water there was no reprecipitation

of the proteid.

A large quantity of such a solution in 1 per cent, hydrochloric acid
was diluted till the strength of the acid was 0*2 per cent. On keeping
this solution at the temperature of 40® C. in an incubator for twenty-four
hours there wp-s no precipitate

;
but on adding to it an active solution of

pepsin there was in the course of three or four hours, at the same tempera-
ture, a cloudiness, which became denser, and ultimately a flocculent pre-

cipitate formed. This did not tend to disappear or become lessened after

very prolonged digestion
;

it could not, therefore, be anti-albumid, the
comparatively insoluble by-product which occurs in the digestion of
ordinaryAlbumin

;
for anti-albumid is, after prolonged digestion, largely

converted into peptones. '

This precipitate was collected, washed with 0*2 per cent, acid, aad
then distilled water and alcohol. It was soluble in alkalis (c.y., baryta
water), and it also yielded an ash rich in phosphorus.

The filtrate from which the precipitate had been removed contained
albnmoses and peptones, the usual products of gastric digestion, and con-
tained the merest traces of phosphorus. No such precipitate was pro-
duced by pancreatic digestion.

It is on these results or gastric digestion, as well as on the other
ph;^8ical and chemical characteristics of this substance, that I am inclined
to include this proteid among the nucleo-albumins. Similar mucin-like
globulins have been separated by Hammarsten from the cells of the sub-
maxillary gland, which contain, however, true mucin in addition ; from
the synovial fluid and from bile, where they have long been mistaken for
mucin. *

With regard to the remaining proteids in lymph cells, I have not

* JSdt. Phyiiol, Chem» vol. xii. p. 163.
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made oufc anything in addition to the facts I have already given (see last

year’s report), with one exception, viz., the heat-coagulation temperature
of cell-globulin p is, 5s there stated, 75° 0. when it is dissolved In a
magnesium sulphate solution, or in a solution containing a minimal
quantity of sodium chloride

;
but in a solution in which 5-10 per cent, of

sodium chloride is present the temperature of heat-coagulation falls to

about 60° 0.

The next subject to which I directed my attention was the influence

of these various proteids on the coagulation of the blood.

The proteids were separated in the manner already detailed, excess
of salt removed by dialysis, and their influence on coagulation tested

by adding them to dilute salted plasma, to hydrocele or pericardial

fluid, or to vein-plasma obtained from the jugular vein of the horse by
what is known as the ‘ living test-tube * experiment.

<A complete communication on this portion of the subject has been
sent to the * Journal of Physiology,* but the main results of the investiga-

tion are as follows : their especial importance is the light they throw
upon the nature of the fibrin ferment.

•1. The only proteid in the cells which has any effect in hastening the

coagulation of blood-plasma is the cell-globulin, which coagulates at
75°^0. This substance, in fact, acts like fibrin ferment.

2. Fibrin ferment, as extracted from the dried alcoholic precipitate of

serum (Schmidt's method of preparation), is found on concentration to be
a globulin with the properties of cell-globulin.

3. The fibrin ferment, as extracted by saline solutions from what was
termed * washed blood-clot * by Buchanan, is a globulin and this globulin

is also identical with cell-globulin.

4. Serum globulin, as prepared from hydrocele fluid, has no fibrino-

plastic properties. It may be better termed jplasrna-glohulifi.

5. Serum globulin, as prepared from serum, has marked fibrino-plastic

properties. This is because it consists of plasma-globulin plm cell-

globulin, derived from the disintegration of white blood corpuscles, which
are in origin lymph cells.

6. The cause of the coagulation of the blood is primarily, the disih-

tegration of the white blood corpuscles, and, perhaps, also of the blood
tablets

;
they liberate cell-globulin, which acts as a ferment, converting

fibrinogen into fibrin. It does not apparently become a constituent part

of the fibrin formed.
Wooldridge’s theory of coagulation, which makes lecithin the chief

agent in the process, is not considered tenable
;
full reasons are given in

the communication to the ‘Journal of Physiology’; the essential objection

to that theory is, however, this: it rests upon observations chiefly made
with peptone-plasma, which is a very abnormal form of plasma. The
precipitate produced by cold and the influence of lecithin in hastening

cpagulation, as described by Wooldridge, cannot be demonstrated with

S^ted plasma, nor with vein-plasma: observations upon this latter form of

pilasma are of especial importance, as it is unmixed with any foreign sub-

stance. On the other hand, the addition of cell-globulin to this plasma
hastens its coagulation very considerably.

To the cell-globulin theory an objection might be urged that the

ferment and the globulin are not identical, but only closely associated

together. This objection cannot at present be fully met ;
if, however, the

two are not identical but only combined, it must be admitted that the
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association is an exceedingly close one; none of the methods adopted for^

preparing the globulin pure separate it from the ferment. Until some

method is shown by which any substance can be separated into two, we
are not justified in saying that it is other than a single substance.

Certain facts, however, of which the two most important are the action

of alcohol and the action of heat, go far to prove that the ferment is the

proteid.

The action of alcohol.—The ferment is precipitated by alcohol ;
and it

is generally stated that, unlike proteids, it is not rendered subse-

quently insoluble in T^ater by the prolonged action of alcohol. It is this

fact upon which Schmidt bases his method of preparing the ferment,

viz., extracting with water the dried alcoholic precipitate of serum.

Hammarsten, however, has noticed the loss of activity which the ferment

undergoes after exposure to the action of alcohol
;
and in the present

research it was found that an exposure of the ferment to the action,of

alcohol for six to seven months renders it absolutely inactive. The fer-

ment is thus, like proteids, rendered ultimately insoluble by alcohol, though .

more slowly than ordinary albumin is.

The action of heat—The most striking fact that goes to prove the

identity of the ferment and proteid is that the activity of the ferment

is abolished at the same temperature as that at which the distinctive

characters of the proteid are destroyed (about 76° C.).

Granting that the ferment is a proteid, it is undoubtedly a globulin :

it is insoluWe in distilled water, as Gamgee first pointed out when he

prepared it from what was termed by Buchanan ‘ washed blpod-olot.*

The apparent solubility in water of the ferment prepared by Schmidt^s

method is due to the fact that a portion of the salts in the ferment

powder enters into solution at the same time. If the ferment powder be

first subjected to prolonged washing with distilled water, and finally to

dialysis to remove the shits, a watery extract has then little or no ferment

action, while a saline extract has powerful ferment properties. The fer-

ment action of such a solution is lessened but not destroyed by dialysis

:

this is apparently due to the fact that even prolonged dialysis is never

sufficient to precipitate all the globulin in a solution.

The proteids of the cells of the thymtis yZand.—This gland is a
structure which histologically is very similar to lymphatic glands. I

have made a few experiments with the object of determining whether the

resemblance is borne out from a chemical point of view also.

My observations under this head will be of a preliminary nature only,

as the experiments are not at present completed. The chief points I have
made out are the two following ;

—

1. That the greater part of the cell-protoplasm is made up of a nucleo-

albumin with properties similar to those already described.

2. That a globulin coagulating at 76° 0. is the n^xt nibst abundant

proteid present. This has fibrino-plastic properties exactly similar to

those already described as belonging to the cell-globulin derived from the «

lymphatic glands.
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Report of the Committee^ consisting of Professor T. G-/Bonney,
Mr. J. J. H. Teall, and Professor J. F. Blake {^ecretary\
ajppointed to investigate the Microscopic Structure of the Older
Rocks of Anglesey, (Drawn up by the Secretary,) ^

.
[PLATES II.-V.]

The rocks which form the subject of the present report hare already
received the attention of geologists, and some eightjk or ninety of them
have been described by Professor Bonney, mostly in appendices to various
stratigraphical papers by other authors.^

,
They have also been examined

and used for stratigraphical purposes by the Secretary.^

The present object, however, is to study them for the information they
may give on tho nature and cause of tbe metamorphism to which many
have been subjected, and to determine how far their microscopic structure

may throw light upon their origin. Their special interest lies in the fact

that the series includes both altered and unaltered rocks, as also foliated

and non-foliated, and hence gives promise of throwing some light on the

connection between them.
Although the work already done upon the rocks of Anglesey has not

been of a systematic character from this point of view, being limited to

the determination of the particular nature of individual rocks, yet, as

could not fail to bo the case, many valuable observations of general
interest have been included in these descriptions. Moreover, the rocks
at St. Davids, which are in part tbe equivalents of these, and to some
extent of the same character, have been dealt with from a general point

of view by Dr. A. Geikie,** whose conclusions may be usefully compared
with those of this report.

For the purposes of study the older rocks of Anglesey may be divided

as follows:^

—

1. Bocks which on stratigraphical grounds are generally considered

sedimentary, including volcanic contributions.

2. Books of special origin.

3. Crystalline rocks which may be of igneous origin.

In referring to the localities whence the, rocks are derived, and in

indicating their general stratigraphical relations, those subdivisions will

be adopted which are laid down in the paper above referred to on the

Monian system. It is there shown that those rocks in Anglesey which
are at least older than the Ordovician lie in six distinct areas, which are

severally called the Western, Central, Eastern, and Northern Districts,

and the districts south of Traeth Dulas and north-east of Farys Mountain.

The series of rocks which lie to the south of the fault which divides

Holyhead Island is apoken of as the South Stack Series. The Central dis«

* The other meiubers of the Committee wish it to be understood that, as this

report deals with subjects on some of which there is much controversy, Professor

Blake is solely responsible for the statements therein contained.

* Quart. Journ. Geol. 8oo. vol. xxxv. p. 306. Ib. yol. xxxvii. p. 40 and p. 232.

b. vol. xxxix. p. 470. Xb. vol. xl. p. 200 and p. 283. Oeol. Mag. N.S. Dec. li. vol.

vii. p. 126.
* Q\ia/rt. Journ. Geol. Soo. vol. xliv. p. 463 et se^. The further study of these

rocks has, in a few instances, led to a slight modification of some of the petro-

gra{fiiioal statements in that paper.
* Qmrt. Joum. Geol. Soo. vol. xxxix. p. 261 et seg.
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trict is divided into two—the Eastern and the Western portions—by a lino

running along the west boundary of the grey gneiss.

BOOKS OF SEDIMENTABT OBIQIN.

The study of these has reference, first, to their mmeral constitution

;

secondly, to their original structure
;
and, thirdly, to their alteration.

1. The Minerals of the Sedimentary Rocks .—The greater number of

these may be said to belong to the acid type, the ordinaiy constituents of
basic rocks being coifiparatively rare.

Quartz is the most abundant mineral of all. If we except the lime*

stones and other special rocks, there is hardly another in the whcAe series

in which, when the minerals are recognisable, quartz is not among them.
It occurs both authigenetically and as derived fragments. In the latter

case it sometimes contains needles of apatite, as in the quartzite of Holy-
head Mountain (1), and sometimes fine needles of rutile, as in the slates

of Roscolyn (66). It usually has numerous bubbles, which mostly occur
along cracks, and these cracks are often continuous from one element
to another, and must therefore have been produced m the quartz after

it had been placed ‘where it now is. Some of the derived fragments of
quartz, however, have'their lines ofcracks terminating at their boundaries.

Occasionally the silica along broad bands is chalcedonic, as at Peniel (11),
and more rarely small rounded fragments of bluish tintmay indicate opal.

Felspar.—^In the absence of any structural lines it is often impossible

to do more than determine the family. When felspar and quartz are

associated, and both are of minute size, it is often difficult to distinguish

between them. In the quartz the inclosures may generally be recognised
as bubbles, in the felspar as dust or small crystals. When, however, both
are water-clear and too small to give any reaction in convergent polarised

light they can only be distinguished by the slightly higher refractive

index of the quartz, which makes it stand out from the felspar when both
are together. The larger crystals of felspar present a very charac-

teristic phenomenon. (See fig. 1.) They are filled with minute flaky or
tabular small crystals. These may be arranged in intersecting lines, or
be quite irregular. They are often of considerable relative size, as in the
derivative fragments in the mica schists of the Eastern district (151).
Whether the small crystals are original inclusions or results of decom-
position is difficult to say, but their general character and arrangement
seem to indicate the latter. Such * speckled ’ felspars are not always in-

determinable, but are often banded plagioclase ; they are almost invariably

derivative, or at least of an older generation than the bulk of the rock.

This speckling seems to be a further stage to ‘ schillerisation.*

Plagioclase .—The banding which is presumed, to characterise the
plagioclastic group of felspars may have more than <oii;o. origin. Pro-
fessor Judd ^ has recently suggested that in some
out by pressure. There are numerous instances in thjB||a^ ^glesey ro
as at Bodlew (148), of the bands being continuous ac^ss oti^ half of the
crystal. Jn these cases they are less regular and distinpt. When two
such series of lines cross at right angles we get the phenomena of micro-
cline ;

but in this also (here is great irregularity—-the bands die out and
change position as the slide is rotated. Such are sden in the j^ey gneiss

of Gwalohmai (69) and at Ty Gwyn (188), but they are better shown in
* Mineralogical Mag. 1888.
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the rocks of igneous origin. In these ccESses it cannot be considered true
twinning which produces the bands, but a reconstruction under pressure

of a single mineral. There are, however, in numerous rocks small angular
fragments, in which the lines of twinning have the utmost regularity and
definition—e.^., at Llaneilian (223). These are probably true plagioclase.

As far as observed they invariably are derivative, being angular and
isolated, and often lie transverse to the general direction of foliation.

Jlftca.—The most characteristic species of this family observed in the

sedimentary rocks is muscovite. It is colourless for all rays, and polarises

vividly. It is commonly ofsmall size, but is best developed where the other

elements are large/ as in the gneisses and mica schists of the hiastern and
Central districts. It also occurs as large f.'agments in the midst of a
non-micaceous matrix in the slates of Roscolyn (67), and the quartzite

of Forth-yr-Ogof, Holyhead (4). Inclusions are rare, but in a rock full of

mica, on the Llanerchymedd Railway (93), the larger elements are full of
other crystals, thus resembling a speckled felspar.

Chlorite ,—It appears that two distinct species have been referred to

under this name, the only common characters being greenness and
transparency. The true chlorite is more or less amorphous, and occurs

in large sheets as well as more fibrous masses. It often forms the whole
groundmass of the rock, as at Bryn Minceg, near Llandegfan (189). It

also occuyrs as beautiful vermicular aggregates amongst the large vein

substance, as in the mica schist of Bodowyr (146) and Gaerwen (160) ;

and occasionally it crystallises transversely in a lenticle, as at Roscolyn

(67). In these cases it has very little polarising power, remaining nearly

dark between crossed Nicols, or giving bluish and purplish tints. There
is not much of such chlorite in the Western district, but it is more
abundant in the Eastern, where also epidote more commonly occurs, after*

which it is often found as a decomposition product, as in the rock at-

-Hafodty (145).
Green-mica.—This is the so-called chlorite of the Western district,

being the essential ingredient in the * chloritic * schists. It occurs in^

long thin crystalline flakes, with parallel sides but imperfect termina-^

tions, and may be either isolated or aggregated in groups. It is trans.*

parent and greenish in tint, and extinguishes parallel to the trace of'

cleavage. The polarisation colours are either brown or fairly brilliant

tints pf red and green. It is often surrounded by the true chlorite a&
by .a decomposition product. *

Sericite.—This term is applied to the colourless strings and broader*

patches in which no individuals can be distinguished, but which polar-

ises in fairly brilliant colours between crossed Kicols. It occupies the
cracks and painute interstices between the other elements, and is espe-

cially characteristic of rooks which have been partially disintegrated by
pressure.

Epidoie,r^lit iB generally supposed that this species is a decomposition
product from felspar. In the sedimentaiy rocks of Anglesey there is no
special evideDoe that this is its direct source. It is here always highly

fractured and more or less dusty, and occurs in isodiametric patches
without crystalline form. It shows high polarisation tints in the centre,

which change rapidly towards the edges^ owing to the thinning off of the
grains. It gives rise by decomposition to dust of a characteristically

crystalline aspect, by which it may be recognised even when too small
or decayed'to show colour between the Nicols. It is most abundant in

1888. ' B B
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the Eastern andyNorthern districts
;
occurring in ^e foitoer in the lami-

nated schists often imbedded in chlorite, as at Hafodty (145), and fdso

as rounded derivative ^grains in the newer dust rocks, which is its

principal mode of occurrence in the sedimentary rocks of the north.

Kaolin is perhaps the best name to apply to the white amorphous dust

which is so abundantly scattered over the great majority of rooks, lying

either in isolated grains in the less completely crystallised bands, or

pushed aside into the interstices between well-formed crystals. In the

former case it may bo pretty nearly in its original position of deposit

;

in the latter, it is either the residuum which has refused to crystallise, or

the relics of former crystalline substances which have since disintegrated.

There is, however, no evidence as to its chemical composition, though
kaoliuite in definite crystalline forms has been discovered some time ago
in the slaty rocks of the Northern district.

Pyrites occurs in well-formed, usually cubic crystals, in rooks of very
fine grain in the Northern and Central districts. It does not seem very
certain whether these are derivative from older rocks or authigenetic,

though the latter seems more probable.

Ferrite is s'^metimes seen surrounding the pyrites as a red translucent

decomposition product
;
but the substance usually quoted by this name

consists of a brown amorphous dust found in similar circumstances to

those of kaolin, but in more basic rocks.

Garnet occurs in rounded, worn-looking, or imperfectly formed crys-

tals in the mica schists of the Eastern district, as near Gaerwen (156).
They are here so abundant that in spite of their numerous cracks, filled

with a later crystallisation, there seems no evidence of their being deri-

vative, the whole rock being completely crystallised. These are generally

of a pale green tint. f

ZirconSy in characteristic short prismatic crystals with worn pyramidal
ends, are tolerably abundant in some of the quartzites, as at Porth-yr-
Ogof (2). Here they are certainly derivative. They also occur in the
mica schist of Abersant (19) and in the qnartzitic rocks of the South
Stack series (64, 65) ; also in the quartzose gneisses and quartzites of the
Central district, as at Gwalchmai (70) and Bodafon (109) ; but they have
not been observed in the sedimentary series either of the Eastern or
Northern districts. Possibly these latter were derived from a di&rent
source.

Such are the principal minerals which enter into the composition of
the oldest stratified rocks of Anglesey. Others, such as sphene, rutile,

apatite, and tourmaline, are either very rare, occur only as enclosures, or
are doubtfully determined.

2. The Structure of the Sedimentary Pocks.—The present ^structure of
the rocks depends in part on their original constitntiph/ in part on
the alterations which they have undergone; but it is hot always easy to
determine which of these has most influence on the ibserved results.

Some of the rocks are crystalline, and are undoubtedly much altered

;

others are composed of dust or fragments, and these ihay be either origi-

nal or the results of crushing in situ. In this case their pirobable oiigin
must be sought in their stratigraphy

; and by examining the structure of
those rocks which are thus proved to be original, and comparing it with
those in which crushing may have had a considerable effect, we may

.

obtain characteristics which shall be. of avail when stratigraphy gives
doubtful information. So far, then, as may be judge d by their strati-
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grapty, the original rocks may be classified as follows
: (1) rocks composed

of uniformly small elements
; (2) rocks of larger grain

; (3) rocks with
larger fragments imbedded in a finer matrix

; (4) laminated rocks.

In the stndy of these we have to determine, as far as possible, the
criteria by which we may distinguish—(1) original fine dust from the
results of crushing or decomposition

; (2) fragments of minerals obtained
from earlier rocks from crystals formed in situ, and from fragments pro-

duced by crushing
; (3) lamination from foliation.

In determining these points it will be well to lay down beforehand
the principles of interpretaUon adopted, most of Which are, of course,

well known, and only need to be definitely formulated. In addition,

however, to ordinary methods, a plan of observation, not as yet, so
far as I am aware, applied to the microscopic sections of rocks, has
been found of grea£ value—viz., the use of a paraboloid with a binocular

microscope. The appearance of a rock, when examined in this way, is

of course very different to that between crossed Nicols, or even by plain

transmitted light ; but the structure is sometimes shown with a clearness

which is quite astonishing. Everything in the interior capable of reflect-

ing the light is brought out brilliantly, and the perspective of the bino-

cular shows the true relative position of such objects. If a rock contains

fragments in the midst of authigenetic elements, it will very seldom
happen that the union of the two will be complete, and thus the boundary
of the fragment will be marked by a reflecting border

;
whereas the in-

dividual authigenetic elements being in optical contact the light passes

through unbroken. The natural shade of colour, both of opaque and
transparent objects, is also well brought out by this method ; and the
special characters of the cleavage of various minerals is indicated by the
reflection of the light from their surface. The fine particles of dust are

very clearly seen, whether isolated or in lines, and by the peculiar glist-

ening they may be distinguished, however minute, as crystalline or
amorphous. The characters of individual minerals as seen in this way
are not very describable, but when once the general aspect has been
seized, the minerals are easily recognised and their presence is imme-
diately revealed.

The distinction between original dust and that produced by crushing
or decomposition is not perhaps always very clear

;
but if there has been

crushing it will seldom, if ever, happen that^none of the other signs, to

be hereafter described, shall be present. If the dust be aggregated in

the forms assumed by authigenetic elements, either such as they had at

first, or such as may have been superinduced, it may be assumed to be
due to the decomposition of such. But when it is scattered about irregu-

larly, or lies in loose bands of indeterminate form, there can be little

reason for considering it as anything but original.

The distinctmn of authigenetic elements from fragments when both
are OTystalline iftiot in all cases possible. Both may be so small as to

present few characters for discrimination, or the metamorphosis may be
carried so far as to absorb the boundaries of the fragment, and make the

outside practically authigenetic. In general, however, we may rely upon
the following criteria. A fragment in an altered rock being less easily

absorbed, according to its size, will generally be a larger isolated element
in the midst of a minuter groundmass. Authigenetic elements being
formed from a. magma which is capable of motion and mixing, will

generally be uniformly distributed throughout the mass ; hence a stray

B B 2
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element of a common mineral, snch as plagioclase, amongst abundant
elements of another character, may be considered to be a fragment. This

will not, of course, apply to such minerals as are always more or less

sporadic, and are known to be products of alteration, such as garnets.

The most important distinction is the following. The outline of a frag*

ment may be rounded or angular, and the shape in the latter case may be
peculiar, especially if the rock has been compressed

; but when the ele-

ments are forming authigenetically in a rock the crystallisation will set

up at two or more neighbouring spots, and the growth of the crystals

will continue till they meet. The line of junction in this case may be
and often is an exceedingly irregular one, curving in and out like the

lines of junction of two bones which ossify frtfm distinct centres. In
4he case of bones such junctions are called sutures, and we may therefore

conveniently describe the similar junctions between crystals as sutural^

and define this well-known peculiarity by stating that sutural junctions

are characteristic of authigenetic crystals. (See fig. 2.)

The distinction between fragments of sedimentary origin and those

produced by crushing is in general easy if the crushing has taken place

subsequently to the crystallisation, for it can very seldom happen that

absolute resistance and absolute yielding to the crush can be found side

by side
;
hence crushed fragments are in groups obviously once united

into a larger element, but fragments of sedimentary origin a,re entirely

independent
;
and the same difierence may also be of assistance when

crystallisation has succeeded the crush.

Lamination may be confounded with foliation when the latter is

parallel to the bedding, as seen on the large scale ; but the essence of
lamination is the alternate occurrence of different kinds of mineral sub-

stance in the bands. Now, unless there has been confusion of the sub-

stance of a rock, far beyond the point of contorting the laminae, these

original differences will have their effect upon the result even when the
rock is crystalline, for one kind of crystal will be more abundant in

alternate bands, and the least easily crystalUsable will remain as dusty
fragments, which will also lie scattered between the crystals along the
same lines. Such phenomena, which are quite distinct from foliation

or the orientation of crystals, are taken to indicate original lamination.
(See fig. 3.) The principal case in which doubt arises is when the rock,
though composed of a uniform substance, is more separable along the
line of deposit, and clean crystallised quartz has segregated out in thia

direction and given rise to an apparent alternation.
The Mocks Composed of JJn'^ormly Small Elements are probably much

more numerous in the oldest series in Anglesey than would be gathered
from a comparison of the numbers described in the present report, since
few of them would tempt microscopical examination. Yet, excluding those
which contain larger fragments, 84 out of 108 of the i^imentary rocks
examined have this character. In the Western distriofflhis type of rock
is largely developed. In four instances it consists of practically unaltered
dust. One of these is an indurated purple shale or slate, well bedded, and
passing into chloritic schists. It occurs on the east side of the Holyhead
Straits (7). There is a certain amount of irregular parallelism in the
dust, and there are a few irregular cracks filled with quartz

;
but otherwise

there is nothing to show that the rock has suffered any change beyond an
ordina^ compacting by superincumbent pressure. This is a remarkable
case as occurring in the lower part of the seriefa The other three belong
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to the tLnstrati6ed portion, to which a more or less yolcanic origin is

assigned ; in fact, they are indurated tuffs. These are the green rock at
Peniel (11), the unstratified yet feebly false-bedded tuff of Church Bay
(29), and the dust rock at Pant-yr-Eglwys (34). .The remaining fine,

grained rocks in this district show more or less mefcamorphism, the
greatest amount occurring nearest to Holyhead Island. Of these may be
cited the rocks at Caer Ceiliog (9) and Bodedern (23), also from near
Llanddeussant (20, 25), Llanfachreth (18), Llanfaethlu (27), and Llan.
rhyddlad (30). These are in parts of the series which are far separated
from each other on stratigraphical grounds ; but there is little to choose
between^ the rocks. Another, dynamically altered, occurs at Forth Dryw
(12). Only one of this type has been examined from the South Stack
Series at Porth-y-crug (62).

In the Central district the fine-grained rocks occupy two distinct

positions. In the western portion the mass between the granite areas at
Llanfaelog (82, 83) is of this type (though much metamorphosed), and so
are almost all the rocks examined between Bodafon and Llanerchymedd.
One near Chlorach Bach (103) is highly calcareous ;

the others, from
Trewyn (104), Clegyr (108), and the west side of Bodafon (110), are
more, crystalline. In the eastern portion there is a longitudinal band of
each rocks from Cerryg-ddwyffordd (98) to Llangefni (100), and so on, to

the banks of the Cefni, half-way to Llangwyllog (102).
In the Eastern district, a fine tuff occurs in association with the

igneous rocks at Gwladys (208), but the remainder belong to the strati-

fied series, and are chiefly found along the eastern edges, as at Bodlew
(147), Cadnant Vale, near Menai Bridge (187), Clawdd-y-parc, near
Llandegfan (196), Ty-garw, near Beaumaris (195), and Tyddyn, north of
Beaumaris (199). In all these places they have become finely crystalline.

The only place in which the dust may be suspected of being produced by
local crushing is on the north-eastern edge of Malldraeth Marsh (190),
Dust rocks of doubtful character, which appear to have undergone only a
slight chemical or infiltrational metamorphosis, occur at Llyn Bodgolched
(198), in the road between Garth Perry and Beaumaris (192), and in the
country behind this road (191) ;

in the latter case the rock is full of
derivative epidote. In the Northern district so many of the rocks have a
slaty aspect that few have been examined. Most of them, however, con-
tain laiger fragments, and two otily have been found free from them—viz.,

at Mynydd Mechell (212) and Bodewryd (220). Both of these have
become minutely crystalline.

It will thus be seen that only six out of the thirty-four examined can
be said to be in any sense unaltered, and many of them are completely

crystalline. This is entirely in conformity with the observations of Dr.

A. Geikie on the rocks of St, Davids, that ‘certain layers or par-

ticular kinds o^fiiie de^jiritus, more especially some of the finely com-
minuted volcanic dust, have been specially susceptible of change.*

Mocks of Oowser Grain may arise either from the running together of

the materials of finer rocks in the process of crystallisation—^apd such
must be omitted for the

.
present—or from the original elements being

larger. The interest of these latter arises from the fact of their asso-

eiation with the finer rocks, after the manner of ordinary sediments, and
from the greater difficulty in their metamorphism leaving them more
unaltered. Thus, on the west side of Cemmacs (216) we find a rock of

which one half is fine-grained and the other half coarser, composed of
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Tvell recognisable grains of quartz and felspar. So at Bodafon (106, 107)
and Ty Croes (85) coarser and finer rocks are associated. In the Eastern

district we find such at Wugan (201), and at Pen-y-parc, Beaumaris (193),

where the original fragments were recognised by Professor Bonney. Tho
most characteristic occurrence, however, of these coarser rocks is in the

South Stack Series. In this group there are numerous unexamined fine-

grained rocks, but almost all those which have tempted examination have
turned out to be gritty in character, the original quartz grains being

closely packed and very uniform in size. Of these may be cited as
examples the rock from the bottom of tho gorge at Gogarth (69), and a
flaggy bed at the lighthouse steps (60) ;

also one from Porth-dafarch (61),

and one from Porth-y-crug,*near Roscolyn (63). Even when there are

larger fragments imbedded the groupdmass of these rocks is of a coarser

character, as in the quartzites of Porth-y-gwalch (64) and ofRoscolyn (65),

and in the neighbouring darker rocks (66). The rocks, therefore, of this

series are as well marked by their microscopic structure as regards their

original composition, as they are by their bedded character as seen on the

large scale.

Rochs containing Larger Fragments in a Finer Oroundmass*—These fall

into several categories—those in which the principal part is groundmass
of minute elements, with only a few of the characteristic fragments scat-

tered here and there
;
those in which the fragments constitute the prin-

cipal part, and the groundmass is reduced gradually to a minimum ;
and

those in which the groundmass is also of coarse elements. The first of

these groups, in which the fragments are comparatively rare, approximate
very closely to the finer-grained rocks, especially when both have under-
gone crystallisation. Such are well seen in the eastern end of the Northern
district—as at Pengorphwyfsa (222), Point uElianus (224), and Llaneilian

(223), where there are but a few angular pieces of quartz ’and felspar,

possibly of volcanic origin. As we pass west, towards Pen-bryn-yr
Eglwys, a focus of eruption, these fragments become more numerous, as

at Llechog Ucha (221), indhe slates between Llanrhydrus and Camlyn
(213), at Mynydd Mechell (211), till they become most numerous near
lilanfechell (219), forming a grit largely composed of fragments of quartz
and felspar, and containing also pulled-out pieces of a minutely crystalline

substance. This is the rock of which Prof. Bonney recorded that it con-
tained almost certainly fragments derived from the older series. It does
not, however, eeem certain to the writer that these pieces are anything
more than a peculiar vein substance, such as occurs in several rocks, and in

some cases they may be decayed and reconstituted felspar. In the Western
district, besides the laminated rocks, to be described further on, there are
several of this group associated with the finer-grained rocks, as at Oaer-
deon (24), beyond Porth Dryw (13), and in the tuflBi bf Church Bay
(28). In the other districts only one of this grqup had Iwen met with

—

viz., in the northern part of the Eastern district, at Coedmawr, near
Llanfaes (200). It is suggested that these fragments fqr the most part
are volcanic ejectamenta, contributed to the finer deposits, in which there
is in general a complete absence of stratification either on the large or
the microscopic scale.

The group with abundant fragments in a less abundant groundmass has
npt been observed in the Northern district, which was probably further
removed from the sources of eruption, but in the other districts such rooks
are ailerons and important. In the Western district two of great interest
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have been examined from the crossing of the river Alaw on the road to

Llanfachreth (10), and from near Llanfaban (22). They are decidedly

of a more basic type. They contain few fragmeni^ of quartz, but abund-
ance of felspathic fragments, sometimes of fregh banded plagioclase,

sometimes speckled, and sometimes entirely passed oveig^into sericite.

There are also fragments of the finer crystalline material, ag’lit Llanfechell,

with minute crystals of green-mica in a clear groundmass ^ also ofquartz

vein stufT, and much epidote
;
possibly also olivine and magnetite. One

is tempted to ask if these can be in any way connected with the eruption

of gabbro, which took place not very far to the south. Another rock,

whose numerous fragments lire mostly quarj^z, and the matrix the usual
fine-grained material, occurs in the hill over Ogo Lowry, hear Llanrhyd-
dlad (31), which has fragments of volcanic rock similar to that which
forms the agglomerates occurring witliin little more than a mile. In the
Central district the rocks with abundant fragments are an important
group. They occur associated with the dust rocks at Oerryg-ddwyffordd

(99). Here there is very little matrix at all, the fragments of felspar are

more numerous than those of quartz, and there are a number of dusty
fragments which may be in some cases devitrified lava, in others lapilli

of tuff. This is one of the rocks described by Professor Bonney, who
suggests the same origin. Further south the rocks are seen to contain,

scattered irregularly through them, nodular hard masses. A microscopical

examination of one of these (89) shows they are places of aggregation

of the large fragments of quartz and occasionally of felspar, so closely

packed as to leave scarcely any room for matrix, which consists of amor-
phous chlorite only. At Dinas Llwyd (126) the rocks of this group are

similar to that at Cerryg-ddwyffordd, but contain also fragments of a
dark rock, consisting of lath-shaped felspars in a black matrix, a typo
found in situ at Gwalchmai. In the Eastern district two rocks with
abundant fragments havC been examined. In that from Ty Gwyn, near
Menai Bridge (188), the fragments are of quartz and plagioclase, with
beautiful banding, set in abundant matrix, much modified by pressure.

. In the other, from Bryn Minceg, near Llandegfan (189), the fragments are

smaller a.nd are embedded in abundant chlorite. This also has suffered

from pressure.

The group in which the groundmass is also of coarse elements in-

cludesthe various quartzites. In that of Holyhead Mountain (1) the ground-
mass is so altered that it is difficult to distinguish the smaller elements

as derivative or authigenetic. The larger fragments are of all sizes,

varying from such as are scarcely distinguishable from the groundmass
up to large pieces '04) inch in diameter, all except the little zircons

being of quartz. In the quartzites at Porth-yr-Ogof (2, 4) less change
is apparent, and the groundmass consists of tight-fitting fragments, with

only room for a little green-mica between, and the large fragments are less

numerous and conspicuous. , At the junction with the chloritic schists

(4) there is an appreciable admixture of felspar fragments. The rook in .

thn centre of the island (3), though it contains more green-mica in the

interstices, more resembles the quartzites of the South Stack Scries in

having little differentiation between the sizes of the fragments ;
but it is

allied to the Holyhead quartzites by its zircons, and it contains also

felspar fragments. It is ndfc, therefore, so homogeneous as the rocks of

the South Stack Series. The great masses of quartzite at Bodafon (109)
and Orftig Fryr (111), however different they may now be, were originally
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of similar type, thougb the general size o£ the elements was smaller, and
the larger fragments are fewer ; but they are characterised, as at Holyhead^
by their zircons and possible tourmalines, and other peculiar but uncertain

minerals.

Laminated Bochsy as defined by the alternation of different materials in

bands, are not abundant in Anglesey, but when present they are easily

distinguished. They occur only, as far as observed, on one horizon—^namely,

immediately above the quartzites or equivalent rocks, where the series ia

complete
;
they are thus confined to the Western and Eastern districts^

Their structure is admirably seen in , the rock from Porth-y-felin, Holy-
head (5), in which the laminas are beautifully bent. The rock is now a
highly crystalline one, with green-mica distributed abuiidantly through-
out; but in certain narrow, well-marked lines it becomes much more
abundant, and has granules of dust-like epidote mixed with it. Any one
of these bands may be traced continuously from one end of the slide to

the other, always keeping its distance from the next, and following every
bend in the rock. These bands are of different thicknesses and separated
by different intervals ; about twenty of each may be counted in half an
inch. The principal part of the rock is quartz, but a few fragments of pla-

gioclase are scattered here and there. There are seldom any phenomena
indicating pressure after the formation of the rocK These features indi-

cate a true laminated original deposit. In another example, from Porth-
yr-Corwgl (6), we find the same alternation of more and less micaceous
and dusty bands, but here a later pressure has been at work. It has,

however, only served to destroy the individuality of the crystals, and to

intensify the difference between the bands. These are still continuous

and equidistant, and the original firagments of quartz and felspar have
not been obliterated. The rocks to the south of Porth-y-defaid (17) are

also beautiful examples of this type ;
specimens occur which are neither

contorted nor pressed, but simply altered by crystallisation, with the

derivative fragments relatively large and abundant. It will be remem-
bered that not far from here is the place of occurrence of the unaltered

slate. The finer-grained rook from near the chapel. Pour-mile Bridge

(8), described by Professor Bonney as a * normal schist,’ shows the same
lamination, but not quite so distinctly, the micaceous bands being
broader, and their regularity somewhat interfered with by the introduc-

tion of segregation veins of quartz. It is, in fact, a somewhat inter-

mediate rock between those of Holyhead and the fine-grained rocks to

the north-east. Its lamination is clearly recognised by Professor Bonney,
who says the rock * has a banded structure, probably dne to original

bedding.’

In the Eastern district the only two rooks of this kin4 examined have
suffered much disturbance, so that their laminated character is much
more easily recognised with a hand-magnifier than with a microscope. In
that from Tyn-y-mynydd, on Mynydd Llwyddiart (163), there are some
bands less disturbed, and these are quite equidistant, and continuous.

They contain epidote in the lighter bands, and large plates of mica in the

darker. Elsewhere they become more contorted., Both here, however,
and at Hafodty (146) in the south, the peculiar character of the rock is

nowhere lost.

All the above-named rocks maintain as their present essential character

the structure they originally possessed, but there are a large number of
others in which metamorphism has gone so far that its results are the
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most conspicBons feature of the rocks, and yet not every sign of the
original deposit has disappeared. The last things to disappear are

the large fragments, which are usually of felspar, and often He in

a transverse direction to the general orientation. That these frag-

ments are not * eyes,* in.the sense of being the only parts of a felspathic

/ rock which has escaped destruction by pressure, may be gathered from
their general occurrence also in the rocks already described, especially in

the laminated rooks, and the probability of the origin in the two cases

being similar. It may be added that there is usually no sign of pres-

sure in connection with these fragments. They may rather be accounted
for by the difficulty of their absorption an4 recrystallisation, owing to

their size. The following may be cited as illustrations of these solitary

fragments. In the cleaved rocks of Roscolyn (67) there are many
large pieces of quartz and mica. In the Korthern district the rock at

Llanflewin (210) has rather small fragments, including plagioclase. In
the Central district only one out of five of the highly altered rocks ex-

amined contained any original fragments—namely, that at Porth-gwyfen

(76), and these are of speckled felspar. In the Eastern district, also, only

a small proportion—five out of twenty-seven examined—show any frag-

ments
;
and in only two are the fragments at all conspicuous—namely,

in peculiar rocks near Berw Ycha, south of Holland Arms (162). These
fragments are of quartz.

From the above descriptions it will be seen that a large proportion of
the older rocks of Anglesey, obtained from all parts of the series, still

retain unobliterated their original structure, though it has been altered

'by later actions of several kinds. These original structures vary, as do
tne ordinary deposits of later date, and show us fine muds, coarse grits,

and volcanic accumulations intermingled one with another, and with
intermediate types of deposit. These form a fixed starting-point, whence
we may set out on our examination of the metamorphism of the region.

8. The Alteration of the Sedimentary Rocks.—Although that group of
rocks which on stratigraphical grounds is considered to be the oldest

shows the most complete metamorphism, it does not appear to be a
general rule that the amount of change in a rock of the series being
studied is proportional to its age. The amount of alteration appears, in

fact, to depend in part upon the constitution of the rock, and in part upon
accidental circumstances, amongst which latter may, perhaps, be included
the intrusion of vast masses of granite. The rocks which have most
resisted alteratioh have been either very fine-grained rocks, which may
possibly have been impervious, and those in which the fragments have
been so closely packed that there has been little room for matrix between.

The least amount of alteration of a chemical kind consists in the intro-

duction of a little gpreemmica or sericite into the original interstices, and
very few rocks have escaped this amount. The interest, however, arising

from the alteration commences when it is carried further.

In this case we may consider separately the alterations which are of

chemical, and those which are of mechanical, nature. The chemical

alterations are those which bring about the crystallisation of the materials

in situ. With the Cause of the chemical alterations itself we need have
nothing at present to do. The crystals arising in the rock, if they
possess one axis longer than the other, as is usually the case, may have
thw axis constantly fixed throughout the rook in approximately the
saine direction. In this case the elements are orientated ;

bpt if there is

ii'niia iiiiilitfi
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no longer axis, or the different crystals are arranged in different directions,

there is no orientation. The latter of these two alternatives, is usually

confined to igneous rocks ;
and hence we find that such sedimentary

rocks as are not orientated have isodiametric elements,
.
and thus form

a mosaic.
.
The term mosaic felspar has been used when the elements

belong to that family, but thefe are other minerals of the same habit,

under similar circumstances, so that we may extend the term and speak
of mosaic rocks.

The mosaic rocks arise principally by the alteration of those of fine

original grain, and form a veiy characteristic group. We may take as
examples-of these the rock at Llanfaethlu (27), Llanrhyddlad (30), and
the hill over Ogo Lowry (52) (see tig. 4). When the ' moat unbroken
parts of these are examined with the paraboloid they are seen to consist

of a transparent mass, in which there float very minute specks of reflect-

ing matter. These specks are comparable in size with the finest cavities

in quartz, or those which give a slight opacity to a translucent felspar.

Where the grain of the rock is smallest, the specks appear uniformly
distributed ; but in the slightly coarser parts they are aggregated into

minute patches separated by clearer lines. These aggregates are seen

between crossed Nicols to represent the individual crystals, and when
they appear uniformly distributed the crystals are too small to be indi-

vidualised. Amongst these may float more or fewer crystals of chlorite,

so minute as to be visible only under a high power, and quite in-

distinguishable between Nicols. This kind of rock appears specially

liable to be cracked and torn—the cracks being of more than one age,

and sometimes filled with larger crystals of quartz, and sometimes only *

with dust—^and these again are twisted and bent. Such is the minute
structure of the rock, which has been called a ‘ marbled slate.’ It is of

wide occurrence in Anglesey.

Very nearly allied to this type of altered rock are those which con-

tain angular fragments in a fine groundmass. This groundmass has
become a fine crystalline mosaic, but here and there is seen a peculiar

kind of discontinuity which may be called a tension area. Such areas
are more or less in the form of three-rayed stars of very irregular

form, and they are occupied by elements of larger size than the rest.

Now, wherever an ordinary crack traverses a rock, the elements with
which it is filled up are of medium size

;
and therefore larger than the

finest. 'We may suppose, therefore, that these irregular areas, which die

out on all sides, represent spots where, as in cracks, the pressure has been
relieved. Bocks showing this structure have been examined from near the
river Alaw (22), at Caer-deon, near Llanddeussant (24), near Oemmaes
(216), at LlecWg Ucha (221), Pengorphwyfsa (222),. Llaneilian (223),
and Point ./Elianus (224). In the last case there is ah ^bparent orienta-

tion, but it is found not to affect the substance of the rock, but to be due
to a number of later parallel cracks which have beeja filled with serioite.

This is the * foliation oblique to the bedding ’ of Sir^ i^msay.
Prom these we are led on to a type of rock which rjil very difficult

to explain. It consists entirely of unorientated elements of medium
size, large enough to show sutural junctions. These are not all of one
kind, but apparently consist of felspar and quartz in i^ual proportions.

The best of these is the remarkable rock associated With^ the granite

to the west of Gwalchmai (86), and usually c^led a halleflinta
; except,

for its apparent bedding on the large scale it might almost be a felsite
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Another in the district south of Traeth Dulas (140) is still more like a
felsite. Others at Porth-ceryg-defaid (83) and north of Llangwllog (87)
are so broken up that their origin is still more obscure.

I

We have next to study the introduction of orientation into this type

|of rock. Now orientation, as shown in the altered rocks of Anglesey, .

|tnay be of several kinds. In a great number of instances it depends
tlBolely on the occurrence of flaky minerals. The lowest kind of orienta-

|tion is when these flakes are scattered promiscuously amongst the other

[
elements

;
but, wherever they may be, their long axes lie in the same

I
direction. This may be nailed orientation (see fig. 5). A
higher kind is when such flaky minerals occur in definite lines. In this

case there is often no perfect parallelism of the individuals, but they may
make considerable angles with each other

;
yet the general direction is

constant. It is this kind of orientation which produces the most perfect

schists. It may be called liniear orientation (see fig. 6). The highest

kind is when the orientation depends not only on special minerals, but on
all the elements, whose long axes are either accurately or generally in

the same direction. This maybe called elemental orientation (see fig. 7).

In all these cases individual crystals are orientated
;
but there are other

kinds of orientation seen only in the rock as a whole. Thus in some the

elements of quartz and felspar, of which the rock is composed, though
they may themselves be isodiametric, lie in bands side by side. From the

similarity of the result to lamination we may call this laminar orienta-

tion (see fig. 8). In other cases no orientation can bo observed in the
' small portion of the rock which comes under the microscope at one time

;

but when the slide is viewed with a hand-lens, there is seen to be a rough
parallelism in the collocation of the more conspicuous elements. Such
may be called confused orientation. Examples of all these forms of orien-

tation will be found in the various rocks to be yet described.

False orientation, which does not affect the substance of the rock
itself, is that produced by a series of parallel cracks (see fig. 9), which
may be afterwards cemented by mineral matter, as we have seen to be
the case with the rocks at Point JEllianus. There is also the orientation

due to original bedding in the case of the laminated rocks. A very
remarkable instancy of this may be here mentioned as occurring in a
rock at Ty-garw, near Beaumaris (195). Between crossed Nicola, when
the crystalline elements are most conspicuous, little or no orientation can
be seen, but the rock looks like an ordinary mosaic ; but with the para-

boloid it is seen to be broken up into fragments, which lie rather
irregularly in the midst of a cementing material of clear quartz with
larger elements, but each fragment is seen to belong to a rock which
was originally laminated with exceedingly fine lines of ferruginous dust.

The orient^pii’'developed in the fine-grained rocks seldom rises above
the quinounciall lh^l^brieiitatiug.mineral being in every case a green mica,

though where this fid crowded in bands the orientation becomes practically

linear. The rQcJlii«which best exhibit this are found in the north-eastern

portion of the Weitern district and the neighbouring locality M^ydd
Mechell. In the rook from the latter (212) the direction of the indi-

vidual crystals follows the! banding, as marked by the greater or less

abundance of the xpica, and the bands follow the contortions. Hence we
may assume the orientation to be coincident with the bedding. But in the

fine schists found at ,Caer Ceiliog(9) and Llanddeussant (20) (see fig. 10)
it is different. In these, and particulaiily in the former, certain narrow
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bands of dustier material are seen to pass in an undulating manner across

the slide, marking the contortions to which the rock has been subjected.

But the crystals of green mica have no relation to these lines of bedding,

but are arranged somewhat obliquely with reference to a series of parallel

cracks, which have produced what is practically a strain>slip cleavage.

The direction, therefore, of the orientation is governed by the stresses to

which the rocks have been subjected. A somewhat similar phenomenon
is seen in a rock at Bodedern (23), only in addition the mica is so

crowded in certain bands as to be satiny, and the orientation becomes in

part elemental.

An increase in the green^ mica of such rocks produces very beautiful

a»nd characteristic results. In some cases the fine flakes are so crowded,
and have an orientation in two directions, that they produce a kind of

Jelted structure (see fig. 11). Such a kind of rock is seen below Bodafon
Mountain (110), where there is least regularity in the flakes. In the so-

called Silurian at Llanfaelog (82), and at Bodlew in the Eastern district

(147), one set of flakes pass in one direction, and a smaller set are at

right angles to them. But at Trewjn, near Bodafon (104), and at Bo-
dewryd, in the Northern district (220), there is a very close quincuncial

orientation, with a laminar orientation of ferruginous dust. These differ-

ences doubtless depend on the original material of the rock ; but, prac-

tically, the metamorphism of these felted rocks and that of the mosaic
rocks has gone as far as it can in either case.

We now pass to the chemical alterations effected in rocks of larger

elements. Some of these we have already seen to have their matrix pass

over into a mosaic, with or without the addition of some green-mica.

Others, in which the large elements are more abundant, as that to the

west of Llanfechell (219) and near Llanrhwydrus (213), have simply chlo-

rite infused between the fragments
;
a method of alteration which attains

its maximum at Bryn Minceg, near Llandegfan (189). In other cases, as

at Ty Croes (85), green mica is the interstitial mineral
;
and in others,

as near Bodafon Farm (106J^ both are present, particularly in the neigh-

bourhood of some parallel cracks which give a bedded appearance to

the rock.

More interesting is the study of the quartzitic rocks, in which altera-

tion would seem harder to induce, and 'less easy to be made to result in

orientation. Yet the greater number of those examined are known to

ahow cleavage on a large scale. Of the ten rocks of «this kind examined,
three belong to the Bodafon district, two to Holyhead, and five to the
South Stack Series. Now, it is known that while the rocks of the two
latter localities cleave well, those of the first do not. This difference in

behaviour ought to correspond to some difference in structure. A very
short examination shows there is a marked different'. In the three
Bodafon rocks from Carnedd a Tre’r beidr (107), ^^0 summit of the *

hill ,(109), and Craig Pryr (110), the orientation is i|ismental ; there is

abundant green mica or sericite, but the quartz fragments are themselves
elongated, and their junctions have become sutural wbiere they come into

con^t, and they show further signs of pressure. In contrast to this,

the rocks from the other districts have no elemental orientation, and
show fewer signs of pressure. The deduction from these facts appears
to be that elemental orientation is not favourable to cleavage, and that
though cl^vage may be produced by pressure, there is a point beyond
which, if the pressure be increased, the cleavage is destroyed again;
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The cleavage in the Holyhead qnartzite (1) is not of the ordinary charac-
ter, as may be well imagined, seeing that qnartzite is not one of the most
usually cleaving rocks. It is, however, remarkably orientated with a
variety of quincuncial orientation—t.e., instead of isolated crystals being
orientated, there are groups of such crystals. These, which are flakes

of* colourless mica, form a large portion of the rock, and the intervals

between thenf are filled with quartz elements without very clear bound-
^ aries. The orientated mica does not in the least turn aside in the neigh-

bourhood of the quartz fragments; on the contrary, the ends go straight

against them, and seem to cut into them, so that their boundaries are
jagged. In this rock, therefore, the cleavage is the result of the orienta-

tion, and there is no deformation of the particles. We must not, therefore,

iu this case speak of cleavage-foliation, but rather distinguish this—the
foliation—as one cause of cleavage, which may be csiXledi foliation-cleavage

(see fig. 12). The quartzites of Roscolyn (65),*Porth-y-gwalch (64), and
other beds in the neighbourhood (66) are also well cleaved, but the

cleavage is brought about in a different way. As before noted, the frag-

ments are smaller, and they fit closer together, so that there is not room
for much mica. What mica is present is quincuncially orientated in the

usual way, and would scarcely account for the cleavage. The rocks, how-
ever, are affected by a number of cracks, and along these the mica is

continuous, and it is doubtless^along these also that the rock separates,

as is the case at Point .^lianus. This is, therefore, a distinct methcfd in

which cleavage may be brought about. Such cleavage might be called

fracture-eleavage (see fig. 9).

In this group there is another remarkable rock, which has been dis-

cussed by Sir A. Ramsay—viz., the flaggy bed at the South Stack Light-

house (60),which seems to show false-bedding, and foliation along the lines

of the false-bedding. In the section of this rock the primary bedding is

well shown by lines of brown dust, but when the rock is examined with
the paraboloid there is nothing seen between these which should indicate

false-bedding. There are, however, a number of parallel oblique lines,

. scarcely definite enough to be called cracks, in which the mica is con-

tinuous ;
but the individual elements are not placed in the direction of

these lines, not parallel to the bedding, but in a direction intermediate

l^tween these two, so that they overlap like a dislocated pack of cards.

It is to these oblique lines that the appearance of false-bedding is due
;

it

is in reality a kind of oblique foliation, whose origin is not very clear.

Similar phenomena have been noticed by authors in other districts.

The foliation of the laminated rocks does not require many words of

description. In the Western district it is typically quincuncial, but there

is a tendency to pass over into the linear, especially as the elements of the

green-mica and chlorite are more closely aggregated in the darker bands

of lamination, and .the orientation of the individual elements is not very

closfly defined. Id the Eastern district it is more entirely linear, the

eleiDents of mica being very irregularly arranged and often of large size.

In the rock at Porth-yr-corwgl (6) we have the orientation intensified by
the pressure which has taken place perpendicular to its direction. In

this rock is seen an interesting phenomenon, illustrative of the origin of

authigenetio quartz (see fig. 13). There is a large rounded quartz fig-

ment, caught with its longer axis transverse to the lines of lamination,

and therefore more or less in the direction of pressure ; one side of this

has accordingly broken down, and from th^ products of fracture there has
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been developed a lenticle composed of sutural elements of quartz sur-

roundiiif^ the original fragment, and pushing asunder on either side the

lines of lamination.

We next come to that large group of rocks which are at the same
time crystalline and foliated. Of these we do not actually know the
original condition, and it has to he deduced, if possible, from the pheno-
mena of the altered rock. The general composition of fhese rocks is

pretty much the same throughout ;
the differences are only minor ones.

In all there is a large proportion of quartz, while felspar is more abun-
dant in the rocks of the Central district than in those of the Eastern

;

epidote is an occasional ingredient in the rocks of every district, and
mica is found in almost dll. These minerals being authigenetio the
material from which they have been derived must have been in a different

form, and may have been, for all we know, of the same kind as elsewhere
forms the slates and grits. The reason that these rocks now differ so

greatly from the others must be either that they were different originally,

or have been subjected to different processes since their deposition. But
they do not differ in the nature of their ingredients, and it can be shown
to be probable that they did not differ in the state of its aggregation

; in

other words, they were probably fine-grained rocks like those which pro-

duced the mosaics. In those examples which contain unaltered fragments,

the groundmass differs in no respect from those from which fragments
are absent

;
we may therefore restrict ourselves to the former. These

fragments are most commonly felspar, a mineral not likely to resist more
than others crushing or decomposition. Similar fragments of felspar are

met with among the mosaic rocks—in fact they are the last to disappear

—

while they are very rare among the coarse-grained quartzites. It is

probable therefore that the felspar fragments in both cases owe their

preservation to their larger size, in which case the matrix must have been
of fine material. It may have been laminated, and very probably was.

The fine-grained rocks also are more liable to change, as far as the experi-

ence of those hitherto examined goes, than the coarse-grained rocks. The
conclusion is, that the present size of the crysljalline elements is no
criterion of the original texture, which was probably fine. Hence the
greater crystals must be due to later processes, which have affected

these rocks more than the others. Some light may possibly be thrown
on the reasons for these differences, by considering the distribution of
the rocks with larger and smaller crystals respectively. The elements
being throughout of proportionate size, we can judge by the size of the
mica. How the largest mica c]i;ystals with linear orientation occur in the

neighbourhood of Gaerwen, northward to Penmynydd and southwards to

Llangaffo (150, 151, 152, 153, 156, 158), in the Eastern*;district
;
also at

Pprth-y-lywod (74) and Gwalchmai Turnpike (71) in tM^entral district.

If we are able at all to tell stratigraphically the cent]%^5bf change, these

would be in their neighbourhood
;
whereas, when w# approach thadis-

tricts of less altered rocks, as at Bodowyr (146), Bwlohy near Llanddona

(209), south of Hafodty (144), Porth-y-fawch (75), and lilangwyfen (77),
Mynydd Mechell (211), and the district south of Traeth Dulas (142), we
find the mica in smaller elements, and for the most part only quincun-
cially orientated. This seems to indicate that the greater crystals are

due to more intense metamorphism, as we might expect, since the

crystals being authigenetic, every ]a:rge one must have been a small one
first. With regard to the other minerals^ the present size seems to de-
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pend also on the greater or less homogeneity of the material. Thus, in

the Eastern district, where the rocks are more thoroughly quartzose, the
elements are larger ;

but in the Central district, where felspar and quartz

are about equaUy abundant, both are of smaller size. In this last case

they commonly show laminar orientation, and have a peculiar aspect, like

a mass of boiled sago, especially well seen by the use of the paraboloid.

Such are the * grey gneisses* of Gwalchmai (69), Bodwrog (72), Pen-y-

camisiog (73), north of Llangwllog (78), and south of Holland Arms
(154). Why the metamorphism should be greater in one place than
another is not easy to say. Certainly in one case there is a neighbouring
ynaHH of granite, and in the other a large number of intrusive masses, yet

the phenomena have no relation to contact metamorphism. But the

E
resence of these masses, on the one hand, indicates the proximity of

eated conditions ; and on the other, when pressure was brought to bear
upon the rocks, they might act as buttresses. There is no special evi-

dence to connect any of these crystallisations with particular intensities

of pressure.

With regard to the orientation of these rocks, we have every kind
exemplified amongst them. The quincuncial orientation is, as before

stated, best shown when the elements of mica are small. It is beautifully

seen in the rock at Porth-y-fawch (75), in which the mica crystals are

exceedingly sharp and clean, and two or three of them often stand end to

end. At Llangwyfen (77) maxima and minima of mica occur in alternate

bands, the former being probably a later product, developed in parallel

cracks. The rock at Penlon (142) shows a sago structure in its other

elements, and at Mynydd Mechell (211) there are numerous derivative

fragments.

The linear orientation is especially characteristic of the Eastern dis-

trict. It is well seen to the east of Gaerwen (156), where magnificent
crystals of mica run in irregular lines, or crowd in bands, the other
elements being quite unorientated. In this and two others in the neigh-
bourhood garnets are found, probably as the final result of crystallisation.

The rock in LlangafTo cutting (150) is remarkable for the straightness of
its n^ica, and that at Berw Ycha (152), which is full of quartz fragment,
shows that, in spite of these, crystallisation of the matrix can be carried to
its furthest extent, and linear orientation still be carried out, in remark-
able contrast to the quartzite of Holyhead. This is also the character
of the orientation in the two rooks of the Central district at Gwalchmai
Turnpike (71) and Porth-y-ly-wod (74), already referred to as containing
large mica crystals. Both of these, however, are more,dusty rocks, the
former from the presence of actual dust, the latter containing granular
^idote. The laooiinar orientation of the sago-like grey gneisses of the
Central district h%s .already been mentioned. In three of them—viz., at
Pen-y-carnisiog Clwalchmai (69), and Bodwrog (72) the orientation
is assisted by quihjfitLncial mica; but in that north of Llangwllog (78)
there is very littlb^mica at all.

Elemental onentation, which would seem at first sight to require more
pressure, and therefore more metamorphism, does not appear to charac-
terise anywhere the grey gneisses or mica schists, but rather to occur in
localities removed from these, where the rocks are generally surrounded
by less altered types. The only exceptions to this are at Bodowyr (146)
and Hafodty (144), in the Eastern distriet) and these appear to owe their

character to a pressure acting subsequently to their first metamorphism.
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The best examples of elemental orientation are^ean at Abersant (19), in

the Western district—the only locality in that district where coarse mica-

schist occurs ;
also near Bodafon (105) and at Tros-y-gors (155), near Menai

Bridge. All these are composed of elements which in an ordinary section

polarise in neutral tints, whose long diameters are in general about twice

the short ones, and whose boundaries are sutural ; the ihica is, of course,

parallel to these, but varies in amount, most of it occurring at Aber^nt
and least at Tros-y-gors.

Confused orientation is seen in the rocks at Llanflewin (210), Bosoolyn

(67), and south of Traeth Dulas (141), only some of the elements being
orientated, and all containing numerous ori^nal fraj^ents. In these

the orientation is also assisted by lines of epidote which, as in the case
of the Boscolyn rock, is aggregfited along certain lines and produces
cleavage. At Y Foel, Llanerchymedd (80) the rock has no crystals of

mica, as that mineral has passed over into fine granular seiicite, and the
principal orientation is due to the other elements.

There are two other crystalline rocks which cannot well be included

in any of the above groups ;
they differ widely from the gneisses, yet

have no resemblance to the mosaic rocks. One of these is a highly mica-
ceous rock in the railway between Llanerchymedd and Liangwllog (93),
containing both dei*ivative and authigenetic mica, while the quartz and
felspar have sutural boundaries. It looks like a peculiarly altered vol-

canic tuff*. The other is from Gorse Mill, Gwyndy (81). It also has
large derivative mica, but the authigenetic elements are much decomposed,
and only occasionally show elemental orientation.

We have now to consider the alterations of a mechanical nature. It

is by no means assumed that mechanical forces have played no part in

bringing about the chemical changes already described, but the effects in

these cases are not direct. The phenomena now to be dealt with are the
immediate results of mechanical forces observable in the rocks as they
now are. The results of these forces will be different a(^ordmg to the
power of the rook to resist disintegration. If it possesses that.power the
effects, if any, will be observable in the elements themselves

;
if not, their

relations to each other will be affected.

The effect of pressure on a crystal or an isotropic substance is well
known. When an ordinary unpressed crystal is viewed between crossed
Nicols it will show a definite colour according to its position relatively to
the planes of vibration in the Nicols, and as it is rotated the colour will

change equally all over the crystal, and every part in a certain position

will extinguish at the same time. When, however, such a crystal has
been subjected to pressure sufficiently great to have an effect on its mole-
cular constitution it will show unequal polarisation, ^exice the colour of
any such crystal will not be the same thronghoat^^i||^ vaiy fn>m
spot to spot, and when it is rotated different pai^l^iff ' ^extinguish at

different times, and the darkness will pass over it like^#a# (see fig. 13).
Such an extinction has been called undulose extll^C^h^r howevd^,
the (K>rresponding phenomenon is seen without rotS^^ to extinction,

and the colours pass over the crystal like a shadow, a^tnore genend title

to use would be spectral polarisation^ without any ref^nce to extinction.

This phenomenon has also been beautifully referred to ito * strain-shadows.*

The mode of description here proposed, however, lends itself more easily to
grammatical inflexion. Such a phei^menon, then, may be taken to prove
thsijb the' crystal has been strained beyond its limit of perfect recovery.
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When, however, a complex of small elements, whether original or pro-
duced by the disintegration of a larger crystal under pressure, is similarly

affected, the colour of each small element changes towards the edges and
thus becomes confused with that of its neighbours. Hence, instead of

each element being distinctly marked off, the colour gradually &ides on all

sides into that of the others, and a general haziness and indefiniteness

of the complex m£(*ss is the result. This phenomenon is immediately
recognised on slightly rotating, or even simply examining a slide affected

by it, and it is proposed to re&r to it as microspectral polarisation (see fig.

14). It is the most faithful indication of the previous stress the rock
has been subject to. It is sometimes referred to as a quartz-felspar

mosaic, but it differs essentially from such a mosaic as is produced by the
growth of small definite crystals, and should not therefore be designated
by the same word. Numerous instances of this occur in the rocks
already referred to. Thus the quartzites of Bodafon (109) and the
cleaved rocks of Boscolyn (66, 67) show it in a high degree, while the
cases in which individual crystals show ordinary spectral polarisation are
too numerous to mention.

The two cases,' however, must be distinguished in which, on the one
hand, a complex of small elements is the primary subject of pressure, and,

on the other, when the pseudo-elements are the results of the disruption

of a larger one. In the latter case the boundaries are much more in-

definite. In the cases above referred to the elements were originally

small
;
and of this kind another example may be quoted—viz., the rock

near the river Gefni (102), which has a slaty aspect on the large scale, in
which not only the quartzose or felspathic elements are affected, but also^

the abundant mica which had previously filled the cracks. In an ex-

ample, however, from Bodlew (148) both varieties are seen side by side.

In this the original small elements produced by primary metamorphism
are indicated by fine interstitial flakes of mica, while in the midst is an
infiltrated,quartz vein which is broken up into optical elements, so that
the greater indefiniteness in the latter case can be easily appreciated.

When such a rock is examined with the paraboloid, the elements which
have thus optically broken up are seen to possess a peculiar structure.

They are affected by a number of curved or crinkly cracks, like the sur-
face of crape, which are sometimes parallel throughout the original

element, andsometimes radiate from the apex of an adjoining crystal. In
the rock at Bodlew they are seen to occupy the intervals between the
broken fragments of a large microcline crystal, and cannot therefore be .

in anything but vein-stuff. These cracks are very minute, about *0005

inch apart, and can only be seen with the paraboloid. Such a structure

may be called (see fig. 15). It is necessarily accompanied
by microspectral j^larisatio but the converse of this does not hold.

In the case above ^ubted both the original small elements and the later

vein are microspeqti^y polarised
;
but in another case in which the ele-

ments of primary n^etamorphism are larger—e.y., at Ty Mawr, Llandaniel

(149)—they ate nhkffected, while the interstitial segregation quartz shows
the crape structure^ This would seem to suggest that the elements of
primary metamorphism were formed under so- great a pressure that the
later pressure, producing the new phenomena, did not reach their limit of

elasticity, and consequently they were unaffected. If this be the case,

since small elements are' affected they must have been >
produced under

less pressure.

1888.
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Besides those already quoted there are admirable examples of this

structure in the boss of rock in the field on the east of Gaerwen Wind-
mill (158), and at the northern extremity of the mass marked * gneiss

*

on the survey map (160) ;
in both oases all regularity of structure on the

large scale has been destroyed. The rock at Y-graig (159), near Gaerwen,
seems to have been subjected to still greater pressure^ i^nce, accompanying
an unusual amount of spectral polarisation in the elements, the structure

is commencing to show itself on their edges, which break up into optical

fragments. A similar explanation applies to a fine-grained rock at Gors
Llwyd, Llaniestyn (161), the edges of whose elements are optically very
intricate ind^d. •

The results of pressure which affect the relations of elements between
themselves are various. The simplest is the production of ordinary

cracks, which in no way interfere with the remainder of the rock but are

filled with new elements, usually of quartz of larger size, but occasionally

of felspar, as in the gneiss of Gwalchmai (69). In some cases in the
Western district these cracks are filled with a complex group of quartz

and green mica crystals, the latter arranged quincuncially, so that the
result is very like a fine schist, and in fact illustrates the formation of such,

and may be taken for it in fragments as at Llanfechell. There are very
few rocks in the whole sedimentary series which are not affected by later

cracks, often of two or even more periods of formation, but they do not
materially alter the character of the rock. Particular instances, however,
have already been noticed in which such cracks are numerous and parallel,

and are filled with some flaky mineral, and in these cases they give a
banded appearance to the whole mass, and cause it to split or cleave into

fairly thin plates. In the fine-grained rock at Gaer Oeiliog (9) and
others it has also been noticed that the minute flakes of green mica are

arranged obliquely in reference to a series of small parallel cracks trans-

verse to the original bedding. The most remarkable example, however,
of this strain, produced on the neighbouring material by the formation of

cracks, is seen in a rock from the South Stack Series at Porth-y-crug (62)
(see fig. 16). The section contains part of the gritty filling, of a worm-
track, as it seems, in the midst of very fine detritus which has now become
silky with the numerous sericite flakes. Possibly this tube of grit has
formed a buttress in the movement of the rock, for now the remskinder is

broken up into a series of crapks, associated in parallel groups, which have
had the effect of contorting the fibres into beautiful sigmoid folds, which
often now run perpendicular to their original direction. -It is a sort of
* strain-slip cleavage* on a small scale. The whole phihomenon dies

away at a little distance from the tube.

When the fracture of the rock is carried furtheiri^^e^ original struc-

ture may be quite obscured, all regularity may be^|d|^ and the bulk
of the material may be the infilling of the craok£|^/$uoh results are

byup uncommon, and, indeed, most of the '^C^is which do not
reve^ their nature by a microscopic examination o^jel.^eir peculiarities

to the'friicturing they have undergone. The most in||irdotive examples,
however, of this structure are met with in the Ettstern and Oentral
districts, where the general metamorphism has been me greatest. Thus
the rock at Minffordd waste (162), which weathers into pencil-shaped

pieces, is more than half occupied 1^ infilling of chlorite—^the frag-

ments being of a coarsely crystalline irregular aggregate. So in the rook
at Gallows Point, Beaumaris (197) there is so much quartzose oalcitic
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yein stuff that the original fine-grained chloritio material itself looks like

a vein in the rest. Again, the rock at Bryn Gorsddu, near Newborough
(143), w^'once One of the ordinary coarse mica schists; but now the
intervals between the fragments into which it has been broken are filled

with a new and abundant growth of secondary mica, which gives the
characteristic appearance to hand specimens. In the railway cutting south
of Holland Arms (151) one of the rocks has patches of larger elements of
quartz and mica confusedly mixed with smaller elements. Naturally, micro-
spectral polarisation is common in such rocks, and in some cases is better

shown than in the less fractured ones. For instance, at Oefn Du, Gaerwen
(157), in the segregation veins of quartz, this and the crape structure aro
a perfect picture (see fig. 14). In another case in this district, between
Garth Ferry and Beatimaris (194), the bulk of the rock is a mosaic of
fair.sized elements, but the whole is utterly broken up and irregular

;

yet there is orientation produced by the various materials that time after

time have filled up the cracks. In the Central district such broken rooks
occur near a line along which, on stratigraphical grounds, a fault is

believed to run—i.e., at Porth-y-ly-wod (84), west of Gwalchmai (70), at

Ynys Coed, Coedana (135), and in the area north of Llangwllog (79).
These are all broken up grey gneisses. The rock at Ynys Coed, Coedana,
is particularly instructive, as, the cracks being filled with abundance
of chlorite, it has been taken for a * greenstone.’ There is also another
rock in this neighbourhood, north of Llangwllog, which has been called

a hallefiinta (87), which is so utterly broken up and recemented that its

origin is quite doubtful. Other rocks of an entirely confused nature,

owing to dislocation and infiltration, have been observed near Bodorgan
(88) and Llangefni (101). In the former of these, the shifting is made
plain by the dislocations of a small vein which crosses several elements
of quartz. The whole of these rooks, though not originating as holo-

crystalline ones, may be referred to as cataclastic, since they have under-
gone the same disintegrating mechanical processes as those which are

so called.

A more important effect of pressure, because more widely developed
and of more theoretical interest, is the production of mylonitio lines.

These are peculiar features characteristic of the rocks which have been
called Mylonites by Professor Lapworth. The most typical of these
myIonites occupy the position of the thrust planes which divide up the
rocks in the north-west Highlands. An examination of one of these
from the Erribol district will give us the characters of such rocks. We
find in it abundant microspectral polarisation, as we should expect, but
it also contains^, in the midst of crystalline matter, a number of lines,

which are remf^l^ble for their continuity, and often for their tenuity,

and which pa^t Jiisunder on reaching a fragment, to curve round again
into contact wh^ the fragment is passed. Many of them are composed,
of opaque whi^^nst, whose particles are indistinguishably stn^; but
many others ato converted into sericite, which, when it tohninates, is

frayed out into ^indefinitely fine ends, like cirrus clouds. These are the
mylonitio lines.

^
Ih the case quoted, their production has been accom-

panied by motion of the rook in their direction, combined with great
pressure perpendicular to that direction~in other words, they have been
produced by shearing. The converse bf this may be safely Msumed, and
when stratigraphical evidence of shearing is absent, these lines in a rock
may be taken to prove that it has been subjected to such a stress. Such

c c 2
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lines are admirably shown in many of the Anglesey rocks. In some
they occur as simple lines of dost, which may give a pseudo-laminated,

or slaty aspect to the rock, as at Forth Dryw (12). A more remarkable
example is in the north-east of Malldraeth Marsh (190). The Tock has
all the aspect of a purple slate, and, indeed, both it and the rock at Forth
Dryw may never have been anything else. But at preseiit the mylopitio

lines obscure all other features, the whole rock being mylonised, and the
intervening substance, though very minute, is microspeotrally polarised.

In the rock at Fen-y-Farc, Beaumaris (193), they have to pass round the
numerous small fragments of quartz, which they do in a characteristie

way, and they are largely converted into frayed-out sericite (see fig. 17). In
the rock at Tyddyn, north of Beaumaris (199), they are so abundant that
with the frayed-out sericite they occupy broad bands, leaving only
small intervening portions, in which microspectral polarisation may be
observed. In most of these cases special causes may be suggested that*

should cause shearing in these localities. In other cases the lines are now
entirely crystalline, but can still be recognised by their other character-

istics, and by the fraying out of the ends of the sericite. In this state*

they are well seen in the slaty-looking rock at Forth-da-farch, Holyhead
(61), at Clawd-y-parc, Llandegfan (196), at Coedmawr, Llanfaes (200),
and at Llechog IJcha, Amlwch (221). In some cases the lines are se
abundant and regular that they may probably coincide with the original

lines of lamination, which have been drawn out in their own direction,

as beyond Forth Dryw (13), and at Font Scyphydd, Llanddeussant (26).
%

ROCKS OP SPECIAL ORIGIN.

Amongst the ordinary sedimentary rocks of Anglesey are found cer-

tain special types which differ from the rest both in their mineralogical

composition and in their mode of occurrence. These are found in isolated

masses, often of peculiar form, and are quite characteristic of the series

to which they belong. Their origin must be partly determined by their

stratigraphy, but their microscopic structure may throw some light upon
the question. The two principal types are limestone and quartz rocks.

Limestones.—These are of several types, some of which have bqen
already described by Frofessor Bonney.

One form of limestone, which occurs, like all the rest, in isolated or
lenticular patches, is found amongst the crystalline rocks of the Central
district, and partakes of their character. Since the rocks amongst which
they are found have been recrystallised, these have doubtless been also,

especially as they are distinguished from the rest by the large size of their

elements, which vary from *02 to *04 inch in diameter. The crystals are
characteristically twinned, and occupy the mass of the with only a
few grains of quartz, mica, or black dust in the interatij^; * The one ah
Trecastle (90), discovered by Dr. Callaway, is orientabp^with the rest

,

of the schists, but that at Bodwrog (91), inserted on the^tt^vey maps, is

distur^d and irregular. These were, doubtless, like the;idther varieties

before their recrystallisation, and may be considered have had a
similar origin. There are limestones also in the oldei^ or more stratified

*

portion of the series in the Western district. One at Forth Delise (15)
occure in an irregular tongue in a disturbed area, and is doubtless out of
its original place. Its later alteration is well marked by the abundance
of large crystals of mica associated with the calcite

;
another at Cruglas,
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and a tKird at Ceiyg Moelion, are closely associated with the serpentine

of that area, and will be described in connection with the latter. The
one at Ceryg Moelion has been considered by Professor Bonney to be an
infiltration from carboniferous limestone which may once have overspread
the district.

Anotherv type occurs amongst the unstratified materials, either where
the rooks are -fi^e-grained, or where they are obviously volcanic accumu-
lations. These are generally formed of small isodiametric crystals,

without twinning, which form a mosaic, and only contain the large

twinned crystals in later cracks. They are exceedingly pure, and show
no eigns whatever of pressure, and occurring as they do in lenticular

patches it is impossible to believe that they are parts of bedded rocks
brought into their present position by folding

; they must, on the con-

trary, have crystallised in situ. Those with the largest crystals, about
'*002 inch diameter, occur where the rocks are most altered, as behind the

Druid Inn on the old Holyhead Boad (92) in the Central, and at Rhyd
Eilian (202) in the Eastern, district. A similar rock has been described

by Professor Bonney from Wugan, Pentreath. Where the rooks are of

finer grain, as at Llanfaethlu (26), the caloitic, or perhaps dolomitic,

elements are smaller
;
but the smallest of all, being not more than *0002

inch diameter, are found in the limestone at Llanlliana (218), where the

rock is on a larger scale, and is more or less stratified. In those masses
which are found amidst volcanic accumulations, and whose mode of

occurrence is similar to that of an intrusive rock, there is generally some
admixture of quartz. Thus at Port Unal, on the Northern coast (215),
the general elements are small dolomitic (?) ones, but the shrinkage

Stacks are filled with quartz ; and at Oareg Gwladys (205) quartz

occupies narrow interstices between the calcareous elements, as well as

the cracks, and sometimes increases so much as to form the greater part

jpf the rock.
^ Another remarkable type, but of somewhat similar mode of occur-

rence, is the oolitic rock of Llanbadrig (217) (see fig. 19). The original

basis of this is a crystalline mass of small elements with shrinkage areas

of larger ones, and is therefore identical with the Llanfaethlu limestone.

But this original mass has been broken up into fragments, each fragment
has been coated with a band of calcitic dust, and then these dust-coated

fragments are enclosed in a similar matrix to the original. Two or three

thus imbedded go to forma larger fragment, and this again' is coated with

another layer of calcitic dust, or a second coat may be deposited on au
original fragment, and this pix)cess goes on again and again ;

and, lastly,

the interstices between the final fragments have been filled up with cal-

oite in larger elements. We can thus trace the gradual building up of

the rock in situ^ and can recognise that the process is exactly what might

take place in the action of a calcareous spring, producing a chemical

•d^osit..
^ / .

Certain ]j|i|^tones in the series have a more bedded aspect m the

field, and th^^jare found to differ fundamentally in their structure from

the above. Thus another rock at Oareg Gwladys (204), which looks

more coarsely t^stalline, has a number of large, well-formed rhombohe-

drar crystals of" dolomite, either isolated or in groups, imbedded in a

matrix of qnUrtso^' fragments interspersed with a brownish opaque dust.

The edges of the dolomite crystals genisrally have a band of clearer

oxystalline matter, but' they are often broken and irregular. Such a
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structure seems to indicate a sedimentary rock ^hdse’^materials were
obtained from other deposits in the neighbourhood. The rock at Cerrig

Ceinwen (94)' consists of a mixture of fragments of cal,cite and jasper,

re-cemented in a mass of calcite. These fragments are irregular and
unworn* so that, whatever was their first origin, they have been broken up
in situ—i.e., the rook is cataclastic. Its structure is beautifully shown by
the paraboloid.

With these limestones may be included certain rocki which owe their

origin to an infiltration of calcareous matter into rocks already formed.

A very considerable number of the ordinary rocks have a certain amount
of calcite in veins, proving the presence of such material in the infiltrating

water ; but only in two cases amongst the rocks observed has this gone
so far as to make the calcitic element predominate. One of these occurs

in the laminated schists at Porth-y-defaid (16), and gradually passes into

the ordinary rock in the direction of the larainm. The groundmass is

quartz in large elements, and the calcite is imperfectly crystallised in

minute particles which aggregate together in irregular areas. There is

also here a quantity of chalcopyrite, which decomposes into a homogeneous
transparent substance with the colour of malachite. The other is in the

fine-grained rocks at Chlorach Bach, near Llanerchymedd (103), where
a quantity of calcareous matter without crystalline form is mixed up
uniformly with a mass of minute elements of quartz and sericite. It

differs only from the other rocks of the neighbourhood by the abundance
of the calcareons matter.

Quartz Knohs,—The rooks to be described under this head all occur as
isolated knobs of greater or' less size, surrounded on all sides by shales

or schists, in whose orientation they take no part and produce no inter-

ference. They have, in fact, no orientation, either on the large or on the
microscopic scale, and they show no signs of contortion. Hence their

stratigraphical relations in no way suggest, but, on the contrary, strongly

oppose, the idea of their being bronglit into their present position by tho*^

folding of any bed. They occur in various places and in various rela-

tions, yet they have always approximately the same form. These facts

must be borne in mind when we attempt to interpret their structure.

They are for the most part entirely composed of quartz
;
only one or

two, which must be referred to the same group, contain a trace of other
minerals. By this character they are completely cut off from all tho
other rocks of Anglesey—even the whitest quartzite in a bedded'" form,
such as that at Porth-y-gwalch, being much less pure. We may consider,
first, those in which no certainly derivative elements can be recognised

;

and then those in which they are certainly present.
Of the first gpronp the foremost place must be given to the great knob

to the south-west of the Parys Mountain (232) (see fig. 18). This is for the
most part composed of ^rge (]^uartz elements, comparable ^th those of a
granite, which from thieir intimate sutural boundaries be certainly
judged to be authigenetic. These are dotted over with y^S ininute white
specks, which are almost absent from their boundaries^^i|0'tbat, as seep
with the paral^loid, the rock is divided into a number closely-fitting

polygons. This polygonal structure, which is vei^ pbaracteri^^^ of
these quartz knobs, is to be seen also in many of the Veinus and patches bf
secondary quartz in the ordinary sedimentary rocki^ and hence may be
taken to be an additional eHdence of authigenesis.

There are also occasional irregular patches of smaller elements, lix
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no case in this rocl? is there the slightest evidence of anything between
one element and another, nor of the presence of any other mineral than
quartz. When seen on the large scale there are ,appearances of a previous
nne banding in some parts of the rock, and of these being subsequently
broken up, and recemented by fresh quartz. One such band is reoognis*

able in the slide. It is composed of rather clearer elements, followed by
a crack, on the other side of which the elements are smaller. This crack
is thrown into such deep sigmoid folds that, if ever it was straight, the

rock must have been greatly compressed
;
yet the only sign of pressure is

a slight amount of spectral polarisation. The rock is also traversed by
veins, in which the elements are clear, but are nevertheless in optical

continuity with the previously^formed elements on either side. These
veins were subsequent to the folding of the crack, as the crests of the
sigmoids are cut off by them. The rock has, therefore, had a long
history, and the earliest form traceable is the polygonal structure. If

now we compare this with the structure of a jasper, such as is associated

with the limestone at Cerrig Ceinwen (95), we find in the latter also the

whole mass, with the exception of the fine ferric dust, to be siliceous and
mostly quartz, but the elements are small and irregular, though with
sutural boundaries. In this case we are sure that the rock has been pro*

duced directly from siliceous watets, and the chief difference between the

two is in the size of the elements. There is just the same difference

between the elements of a granite and a felsite of the same composition.

It is possible, therefore, that there may be the same relation between the

quartz rock and the jasper as between these two. In other words, the

quartz rock was more slowly formed, and at greater depths beneath the

surface. From these considerations, from the banding of portions of the
rook, from its purity, and from the mode of its occurrence it has been
suggested that such a knob represents the underground base of a hot
spring of the period.

If this is the most satisfactory explanation of this particular rock it

must be allowed to have its weight in the interpretation of the others,

which resemble it in mode of occurrence, but which present greater diffi*

culties. The purest of these occur also in the Northern district, and*have
been examined from Bull Bay (231), Port Unal (214), and Pen-bryn-
yr-Bglwys (36). In these the elements are not so uniformly large,

though the larger ones have equally sutural boundaries and polygonal
outlines

;
but there is also a considerable quantity of finer elements irre-

gularly dispersed, and some of them have a minute sericitio boundary.

There are, ihoreover, in the two first some rare and minute zircons, and
in the last some certainly derived fragments which are not of quartz.

Still the rocks are essentially pure quartz, of which by far the greater

part is certainly authigenetic. Although it is difficult to account for so

g^t purity ip a sedimentary yock, like an ordinary quartzite, it is not

difficult to acooupt for the slight impurities that might be present in the

deposit from akilibeous spring.

In the oasi^Vpf the other quartz knobs which have more numerous
deriyed fragtherite, these still have a special character, tliougb, no doubt,

if it were not for* the peculiar stratigraphy, and the existence of purer

qimrtz rocks haying the same form, some of these might well pass for grits,

lli wh examine the quartz rock of Bethel, Bodorgan (96), we find that

the moat conspicuous of the derivative elements are quite peculiar. They

^ larger than all the rest, and their outlines are very rounded, and they
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have a layer of sericite clinging closely to their^ni^ace. At the same
time they are clearer, the specks in them are not scattered irregularly, or
absent from an external ,band, bat lie in different planes produced by
cracks which go across from side to side and intersect each other

;
many

of them are also crowded with fine crystalline needles. These ronnded
grains are not at all like any of the fragments in the ordinary quartzites,

nor like any authigenetic element in the schists, more especially in the
particular of the fine needles—these point to a source such as that which
produces granitic rocks. In any case these rounded derivatives are
sharply marked off^ by all their characters from the remainder of the
rock, which consists of polygonal authigenetic elements of almost com*
plete purity, with the exception of a little sericite. The rock thus Con-
trasts strongly with any of die bedded quartzites, notwithstanding that

it is quite small in bulk, and surrounded by slaty rocks, and the peculiar

roundness of the derivatives presumes a long attrition. Have these been
worn by the very water from which the matrix has derived its silica ? and
has the attrition taken place, not in streams on the surface, but in cir-

culating currents underground ?

From this we may pass to the knob of quartz at Pen-y-Parc, Beau-
maris (203), described by Professor Bonney. In this the derivatives are

very numerous, and not all of quartz yet is the general character of the
rock the same, and it has the characteristic mode of occurrence, and it

is impossible to imagine it brought into its present place by folding. In
fact, though the neighbouring rocks have been shown to be crowded
with mylonitic lines, no spectral polarisation affects the quartz. On the
contrary, one of the derivatives shows microspectral polarisation de-

veloped before its deposit, and not continued into the surrounding matrix.
Notwithstanding, therefore, its great similarity, in many respects, to an
ordinary quartzite, we may conclude that the circumstances of its origin

were different, and the. general method of production the same as in the
other quartz knobs.

There are many other similar quartz knobs in the island, which have
not been examined, but the great mass at Llangefni (97), marked * green-
stone * on the Survey map, is peculiar. It is much larger than any other,

and from a distance looks, to have almost a bedded appearance. There
are a great many derivative fragments in it, but in the character of these
aind of the matrix it much more closely resembles those above described
than any of the ordinary quartzites.

Qreen Rocks.—Besides the limestones and quartz' rocks, there occur
occasionally, in similar isolated masses which often weather into knobs,
certain green rocks which show no structure on the large scale but look
minutely granular. These are found to be composed of minute crystals

of definite minerals, which seem to have segregated in such separate
masses. Some, as at Borthwen, near Boscolyn (68), ere composed of
epidote, whose crystals are separated by lines of bl^k dust, and with
shrinkage areas filled with quartz. Others, as at Perth j^lise (14), which
are more fibrous-looking, are composed of a greenish trahspSrent mineoal
arranged in tufts, which polarise with a greytint like serpentine, of which
they are pipbably a variety. In another, south of Beahmaris (192), the*

nature of the principal dusty mineral without any form is obscure, and
may be decomposed epidote

; the green colour is produced by the ground-
mass of chlorite. These masses are mostly confined to the most altered
rocks, and seem, like the others of this group, to have a chemical aquecns #
origin.
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CETSTALLINB BOOKS WITH THE HABIT OF IGNEOUS ROCKS.

The nature and ori^n of the rooks of this (^roup have been and still are
the subject of much difference of Opinion. Those in which no foliation is

perceptible are considered granites and diorites by some, while others

nave noted in them peculiarities which have suggested that they are ez«

tremely altered sedimentary rocks, and have made comparisons between
them and the Laurentian gneiss. Those in which schistosity is manifest

have been generally taken to be of sedimentary origin
;
but recently it has

been shown that similar structures may characterise igneous rocks under
suitable circumstances.

The solution of these questions will not depend on the microscope
alone, and the writer has shown what he believes to be satisfactory

evidence of intrusion, and therefore of igneous origin, in both cases.

However, the present business is to examine their structure, that any
oonclnsions which may be come to may be in the light of our knowledge
of this. One thing is certain, that if they be altered rocks we have no
knowledge of any unaltered representatives of them in Anglesey, and
can only study tnem as they are. It is, however, for convenience, and
not with the intention of begging the question, that in their description

they will be referred to as granites, felsites, diorites, <&c. Many of these

rocks have undergone much alteration, even after they were crystalline

as we now find them ;
but in this case the alterations are so dependent

on the original rock that they cannot be considered separately, but we
can only consider—(1) their component minerals

; (2) their structure,

original and induced.

Minerals ofthe Roclcs ofIgneous Habit.—Quartz is far less abundant than
in the rocks of sedimentary origin. In one large subdivision it is absent

from the original rock, and occurs only in veins or bands in which it has
eegregated. Even in the other subdivision it never forms the greater

part of the rock, and is more common as the latest-formed mineral in

the intervals between the others than as one of primary consolidation and
of large size. This is a common feature of the quartz of igneous rocks

;

on the other band, considering the exceedingly quartzose character of the
undoubtedly sedimentary series, it would be rather strange, though not
beyond the bounds of possibility, that a more basic group should have
succeeded them in the same neighbourhood.

Felspar,—In the absence of the characteristic banding of plagioclase,

and in the presence of abundance of saussuritic decomposition, it is not

always possible to determine the species, especially when there are no
ciystal outlines or cleavages. Doubtless much is orthoclase, but plagio-

clastic species .must be at least equally abundant. With regard to the

banding, nearly the same may be said as with regard to the fragments,

dsc., in the sedimentary rocks. Perfectly regular banding, certainly repre-

senting twinning on the albite plan, is very common, but the lines often

die out in the ' of the crystal. There are seen also in the coarser

^lanites the finet cross lines, which represent the pericline twinning.

The appearances inferred to microcline are more abundant in these rocks,

and are sometimes :
beautifully shown, as in the granite at Tnys Dqd^n

(118). They have all the characteristic indefiniteness and changeability

as the slide is rotated, and are also seen cutting at oblique^ angles down
probably owing to the obtiquity^of the section. It is suggestive

^of these bands being developed by pressure that they are found ohiefiy in
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rocks which for other reasons are known to haTe bete subjected to such
pressure, as in the neighbourhood of Llanfaelog and Gwalchmai. Some
felspars also show a broad obscure banding, independent of all the above,

which probably represents an imperfect zonal structure.

Mica is not abundant in this group of rocks, except in isolated exam*
pies, and in the more basic group it is generally entirely absent* Perhaps
muscovite is the most generally diffused species

;
but whereas ordinary

biotite is entirely absent from the sedimentary series, it is here nearly

as abundant as any other, to judge by the darker colour and dichroism.

It is especially characteristic of the cleanest granites, but is most afoun-,

dant where the rock is foliated at the margins of the granite areas, as at
Tafam-y-botel (123) and Ty hfewydd (245), and in the district north-
east of Parys Mountain (251),

Hornblende may be considered the characteristic mineral of the rocks
of igneous habit, inasmuch as it never occurs in the sedimentary rocks of
Anglesey, either as a derivative or authigenetic. A large number, how-
ever, of these igneous rocks contain it as an essential ingredient, always
in the common green form. It is entirely absent from the rocks of the
Northern district, but occurs in the district east of Parys Mountain. In
the Western district it is found only at Pen-bryn-yr-Eglwys, and at Llyn
Trefwll, in both cases in association with granitic rocks. The principal

localities, however, are in the Central and Eastern districts, where it

sometimes forms the greater part of the rock, as near Holland Arms (181).
Glaucophane,—The occurrence of this mineral in the Anglesey schists

has recently been recorded by the writer (‘ Geol. Mag.’ N.S. Dec. iii, vol. v.

p. 125). It is there stated to occur in long narrow prisms with incom-
plete terminations, which have a rhombic cross section with an angle of
about 124*^, sometimes modified by the clinopinakoid. The extinction,

as far as can be determined, makes an angle of about 15° with the length
of the prism, which is somewhat greater than the characteristic amount,
and approaches the angle of hornblende. Hence Italians would call the
mineral * gastaldite.’ The characteristic blue colour is seen when the
length of the prism coincides with the short axis of the polariser, and it

has a violet tint when placed in the perpendicular direction. In the
rhombic section it has a slightly yellowish tint. The crystals are usually
interfelted, so as to have no definite boundaries, but they are occasionally
seen floating separately in the layers of quartz which sometimes penetrate
the rock. This mineral has only been hitherto found in one very schistose

group of rocks in the Eastern district, and even there it passes locallv

into hornblende and decomposes into chlorite. It is best Seen in the rock
near Anglesey monument (168, 169). Eor a figure of this rook see
Teall’s * British Petrography,’ plate 37.

Epidote is perhaps the most widely distributed of
,
all the minerals in

these rocks, though from its small comparative ^il^ant in eao^ the
aggregate is not so great as of others. It usually in isodiametric
elements, often with crystal outlines, and occasiona^H lath-shaped and
radiating. It also occurs in long pulled-out bands ii^;1teclks which have
been dynamically metamorphosed. It is most abniidant in the gabbro
schists of the Wesiem district, in the diorites of tlieijpentral district, and
in the hornblende and glancophane schists of tb<^;Ma8tern district. In
many cases there is no direct evidence of its bein^ a secondary pr^qot

;

and in one case, that of a spheroidal rook, nearAmlwch (227), it appears
to have developed ont of felspathio gronndmass, withont actual tesspar
preceding it.
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Chlorite is equally abundant as a decomposition product in tbe igneous
as in the sedimentary rocks. It is formed from either hornblende, epidote,

or mica. It shows feeble polarisation, and therefore is not the green-
mica of the sedimentary rocks.

Seridte is also common as a result of the decomposition of wtiite mica,
or as an infilling of ,the interstices between other minerals.

Sphene is an abundant and characteristic element in the homblendic
rocks of the Central district, especially in one at Oraig-yr-allor (131),

The crystals are never perfect, but their brownish tint, high refractive

index, characteristic cleavages, and weak double refraction are quite dis-

tinctive. It occurs in the midst of felspars or other minerals in irregular

grains, which are often worn so as to look as if they belonged to a pre-

vious generation. It is sometimes associated with ilmenite in such a way
as to suggest its derivation from that mineral, as has been shown to be
the case in some American rocks.

Ilmenite and Leucoxene .—The presence of one or other of these de-

pends on the state of decomposition only, so that the presence of the
latter indicates the original presence of the other. The dark black sub-

stance which is associated either with leucoxene or sphene is taken to be
ilmenite. It occurs in abundance in the homblendic rocks of the Central

and WesSSm districts, and also in the finer-grained granites. Tbe
leucoxene is often in skeleton ciystals, only partially presenting hexagonal
outlines. It is best seen in the diabase between Amlwch and Parys
Mountain (229).

B/utile is not a common mineral here. It occurs as isolated crystals of
prismatic form in some of the homblendic rocks of the Central district, as

at Plas Llanfihangel (136), and also in much smaller grains in some of
the finer rooks of the same kind at Gaerwen (177).

Apatite is an abundant mineral in the homblendic rocks. In mode of

occurrence it agrees entirely with the sphenes, and is seen side by side

with them in the rocks at Penterfyn (134). Like that mineral its refrac-

tive index is high, but not so high, and it is remarkable for its beautiful

clearness. It often occurs in characteristic hexagonal prisms. There are
many occurrences, however, of irregular masses, which by all other
characters must be assigned to the same mineral. Apatite also occurs
in needle-like prisms in several of the felspars and quartzes of the
granites.

Oameta are numerous in certain of the rocks, especially in the volcanic

group north-east of Parys Mountain, both in the crystalline and the

associated tuffs. But they are very peculiar in their characters. They
seldom even make an approach to a crystalline form, but sometimes they
are round and sometimes they spread out in a kind of ophitio sheet,

without regular boundaries. Moreover, there is often very little garnet

left in them. In first place they contain many inclusions, mostly of
quarts/but sometimes of sphene or apatite. Then the actual garnet has
Deeh cracked in many directions, and along these lines runs a band of

fsitic dust, bounded on either side by sericite, occupying, on the whole,

a considerable portion of the mineral. The intervening fragments have
ihostljr turhed to chlorite, and there is only left here and there a^ew
stnall pieces, which prove to be isotropic and highly refracting, to repre-

sent the original material, and even these are often broken out in the

cutting of the slide.
' Zircon seems rare in these rocks, unless it has sometimes been mis-
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taken for sphene. When the crystals are small they arenot always easily

distinguished. Bat in the granitic rocks of Tafarn-y-botel (123) and t6

the soath there are highly refracting and doubly, refracting crystals,

which are clearer in colour and more vivid between crossed Nicols, which
almost certainly belong to this species. It is usually associated with
quartz, but not always.

4-ugite is essentially the mineral of the dykes apd minor ignebns sheets

in this region. Such masses occur amongst the grey gneisses of Llan-
gwfen (126), at the boundary of the chloritic schists of Llyn Tt*ofwlI

(56, 57), in the boss between Amlwch and Parys Mountain (229), and
amongst the volcanic group north-east of Parys Mountain (243). „ It is

generally of the colourless variety, and is well characterised by its

•cleavage and optical properties.

Olivine in a fairly fresh state occurs in diabases south of Bodowen
(127), which stratigraphical and other considerations would assign to part

of the volcanic group in the older series.

Diallage is equally characteristic of the gabbro area near Four Mile
Bridge and on Holyhead Island, where its well-marked cleavage leaves

no doubt of ils identification. It has not been found elsewherel No un-
altered olivine has yet been found in association with these rocks.

EnstaMte occurs in at least one of the better preserved r#cks of the
gabbro area—viz., at Ty Newydd (45). It is distinguished from the
ordinary pyroxenes by extinguishing parallel to the traces of the cleavage
planes. It may be more common amongst these rocks, but not many
fiuitable slides have been examined.

Chrysolite occurs in veins in the gabbro area in the midst of that rock
and of the serpentine at the inlet on Holyhead Island, south of the Four
Mile Bridge. It is well characterised by its fibrous structure and low
polarising tints.

Serpentine^ of course, forms the bulk of the rocks in^ the serpentine
area of the Western district, and is not always developed as a pseudo-
morph of any particular mineral, but occurs also in veins and cracks
traversing calcareous and other rocks.

Talc is considered by Professor Bonney to be the mineral which pro-
duces the rock quarried as * soapstone.* It is found at Pwll Olai (64).

Pyrites is a rare mineral in these rocks, but occurs as isolated crystals

in a few of the granitic rocks and in the pyroxenic rocks of the Volcauio
group N.E. of Parys Mountain.

Hematite also occurs in minute brilliantly scarlet crystals, sometimes
of hexagonal outline, in the granites of Pen-bryn-yr-Eglwys.

Magnetite may be the black mineral in undistinguisnable gprains which
makes up the groundmass of a rock at Q-walchmai (138), and it is alsa
dispersed throughout the serpentines.

Calcite occurs in many of the rocks in such abundance as to form an
osjsential ingredient. In some cases it is undoubtedly a filtration-pro-

duct, as.at Nebo (248).
Tourmaline.— few narrow purplish blue crystals, which extinguish

parallel to their length without the analyser and 1<k>k hex^onal, may
b^ng to this species, though the crystals are veiy small, ^hey occur,
where we might expect them, at the edge of the granite mass where it is

intrusive into micaceous schists at Maengwyn (122), and also in a quartz
segregation area in the glaucophane schist near Castellor (171) .

Structwre of the Rocks of Igneous Habit—The rocksnow to be desoHbed
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may 1)6 oonveniently divided into five groups:—!. The granitic rocks
ana their associates. 2. The volcanic gronp east of Parys Mountain.
3. The dioritic rocks and their allies. 4. The gabbros and serpentines.

5. The isolated masses and dykes. «

1. The Qranitio Hocks and tkeir Associates.—These rocks are imme>
diately distinguished from the sedimentary rocks of similar composition

—

t.6., the mica schists and gneisses—by the largeness of their elements. They
seem indeed quite another order of rock

;
instead of the numerous minute

elements of the schists, a single crystal of felsnar will often occupy more
than the whole field of view, and though the rock is holocrystalline there

are none of the sutural junctions so charactorjstic of the schists. The
only orientation in any of them is a very rough linear one, not observable
under the microscope. If the larger size of the resulting elements is

taken to indicate a greater intensity of metamorphism, then these granites

must have been subjected to such influences to a point far beyond the

gneisses. The orientation of the latter indicates that the forces they were
subject to were ^ directed,’ but its absence in the granites indicates agencies

witnout direction. These conditions are satisfied only by the production

of a mobile magma. In other words, the rocks must have been melted.

The only evidence of any previous state consists in the occurrence of such
minerals as quartz, mica, and felspar as enclosures in the various elements
which how form the rock.

The largest mass of granite occurs in the Central district, where it

shows several types. We may divide them roughly into those in which
quartz is a considerable element, and those in which there is little or
none. Of the first of these divisions the freshest examined is that at

Henblas, Llandrygarn (117). In this the felspar elements are very large,

and the greater proportion are plagioclase. They are very dusty, and in

some cases are so much altered as never to completely extinguish
;
in

other cases they are scarcely altered at all. There are some brown mica
elements, whose position and relations indicate that they are of the same
order of consolidation as the felspar. The quartz is more continuous, and
encloses areas of felspar, so that it plays the role of groundmass, though
some of its elements are large. Fresh, however, as the rock appears, it

has abundant signs of having been submitted to pressure since its con-

solidation. The quartz often breaks up into smaller elements, showing*

an imperfect microspectral polarisation ; the larger elements polarise

spectrally, and the appearances of microcline are seen in some of the feU

spars. If this rock be compared with the granite of Kiiliney, the resem-^

blance is remarkable. The latter is certainly fresher, but it has the same
relations of the elements, and shows also spectral polarisation and micro^

dine structure, but the quartz is not so broken up into smaller elements.

On,the whole, it appears to only require subjection to a little more pressure-

to ^come identical. The best preserved granites at Llanfaelog (112)
and draig-yr-allor (116) are practically the same rocks, and in some parte

of tlic. former the quartz is unbroken, and the resemblance of these parte

to tWe Killin fly granite is almost complete. On the whole, however, the-

quf^irtz jias been broken by cracks, and these have become broadened and

filled mica, now passed over into chlorite, so that the aspect of the ulti-

mato product is yery different from the original. The ^reat majority of
the gi^nites examined, however, are thoroughly cataclastic rocks—as, for

e^mple, the tongue of that rock at Porth-y-ly-wod (113), at Gwalchmai
(il5),atBrynTwrog furtherhorth (T20) andatYnys Coed, Coedana(121).
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These rocks are shivered into fragments, and the larger are re-oemented
amongst the smaller, presenting a true mortar>stmcttire. It is often

difficult to recognise the identity of such rocks with a fresher granite^ and
it is only in the lQ.rger pieces which have escaped disintegration that the
original character can be seen. It is important to examine the structure

of the granite where it is so clearly intrusive in its mode of occurrence at

Maengwyn (122). Here it is coarse-grained like the rest, and the felspars

are broken and the quartzes microspectral, and there are a few tourmaline

crystals, but it is of the same general type as the rest. > The surrounding
rock, with which it has an irregular boundary, is a dusty schist, whose
small elements have partially crystallised, and which contains large flakes

of white- mica which have heen developed in relation to cracks.

The remarkable foliated rock at Tafam-y-botel (123), which has so

much the aspect of a Highland gneiss, has a very distinct structure. The
felspar and quartz are about equally developed, and neither plays the

role of groundmass to the other. The elements are smaller than in the

granites, but much larger than in the gneisses of the district. The quartz

often occurs as rounded grains, of which many are included in the felspar.

There is also a considerable quantity of brown mica, which assists in the

foliation. This, however, is principally produced by the presence of a
dusty mineral, with well-marked cleavage, which will not extinguish as

a whole, and which looks like an altered sphene. The rook is also 'richer

than usual in accessory minerals, zircon occurring in the quartz, and
apatite in the felspars.

The qnartzless gproup of these rocks is more local, being found only in

the neighbourhood of Llecheyn-farwy. It is difficult to give a name to

these rocks, of which the bulk is felspar and a large proportion plagioolase,

while the other minerals have undergone a change into chlorite or oalcite.

Such is the rock near Llecheyn-farwy church (124). Its large close-fitting

felspars are thoroughly speckled with small crystals of calcite or serioite

;

there are a few scattered areas which may have been hornblende or mica,

but are now mostly changed to chlorite, and there are zircon, apatite,

and leucoxene as accessOTies. There is no observable alteration due to

pressure.

Another rock ofthis type, at Ynys Dodyn (118), requii’es great caution
At first it appears to be in a fresher condition, but a closer examination
indicates that it has undergone a cataclastic modification, with a re-

formation of its crystals. Plagioclase is still the principal ingredient,

and, in certain patches, it is much speckled and containsin the intervals

between its crystals the remains of mica now altered to chlorite. These
patches are separated by, and often isolated in, continuous areas of fresher

plagioclase in which there is no mica, but epidote fills the intervals

between adjacent crystals. Thus the speckled portions appear to re{^-
sent the original rock, which has broken up, and the jfresher felspar has
crystallised between and around the fragments. It is remarkable that, as
in the case with the mica schists, the later pressure has produced spectral

polarisation in the fresh elements, while the origin^ fragments are left

unaflected. There are other cataclastic forms of this type in the neigh-
bourhood in which recr^stallisation has not gone SO far, which need not
be further specially noticed.

Associated with the granites of this district are several quartz felsites,

of which two have been examined from Tyn-y-Pwll (119) and Pen-y-
camisiog (114). It is by no means certain from their stratigraphical



ON THE OLDEB BOCKS OF ANOLESET. 399

relations whether these are apophyses of the more crystalline rook, or
dykes within its substance ; on the whole, the former appears more prob-

able. They consist of a rather coarse groundmass of felsitio elements
-with large idiomo:tphic crystals of quartz, twinned orthoclase, plagio>

olase and .mica. The latter rock has much more sericite in its finer

groundmass. They are thus * microgranites.* The porphyritio elements,

or ^insets,’ ^ are not always simple crystals, but crystalline aggregates of
felspar and quartz or mica, so that it is * glomeroporphyritic.* Most of
the felspars are speckled with small crystals, and the quartzes show
spectral, or even microspectral, polarisation. The obvious connection of

these insets with granite seems to show that these are not ordinary quartz
porphyries, but special modifications of the granite itself.

Another important, though small, area of granite exists in the neigh-
bourhood of Pen-bryn-yr-Eglwys, in the north-west. The chief pecu-
liarity of the rock here is the almost entire absence of any micaceous
element, except such secondary mica as has been developed in well-

marked cracks* The freshest rock of the dii^trict is behind the farm of

Monachty (44). In this the quartz and felspar, most of which is plagio-

clase, are ofequal importance, crystallising simultaneously in large plates,

and occasionally inter-bowing pegpnatitically. The quartz is much
cracked, and shows occasionally some spectral polarisation, and a few of

the felspars are speckled ;
otherwise it is hard to discover any changes

which have taken place in the rock, whicli is as good a granite, or rather

aplite, as one could conceive. It only requires the presence of epidote to

bring it into close agreement with the rock of Bryn-y-gam, St. Davids.
This same rock at its junction with the surrounding sedimentary rocks

(43) loses most of its quartz and becomes brecciated. Its enclosing rock
is finely gp^anular and sericitic.

Nearly as clean a rock as the above occurs on the north side of Pen-
bryn-yr-Eglwys (40), but much of the quartz is here disintegrated into

smaller elements, and there is some apparently original mica. The
aooessoiy minerals observed in these are some small needles of apatite,

and minute rhombohedral or hexagonal crystals of brilliant red hematite,

a few crystals of pyrites, and very rare zircons. All the other examples
.from this district are merely cataclastio modifications of this. In one,

obtained from what was supposed to be the junction of the granite with
the surrounding rocks (4I)^there are numerous and closely set, somewhat
parallel, cracks now filled witlrmloa, so that the rock is a kind of false

nuea schist ;
but it is pretty certain from this that the true junction is

not here seen. Finally, on the northern side of the hill, close to an im-
portant fault (42), the slide shows an indiscriminate mixture of granite

fragments and dust, in which there is no regularity whatever. These
observations show that the neighbouring schistose rocks are derived by
dynamic agehmeis from the granite, and not the granite from them. They
also show how far these changes may go without our losing sight of the

previous oonditioB and structure of the rock. With these granites are

aisooiated certain felsites, which seem in the field to take its place. One
of these near ]^ut-yr-Eglwys (35) does not differ particularly from an

* No satisfactory name for the crystals in a porphyritic rock has yet been pro-

ppeed, and a paraphrase, has always to be adopted The name used by the Germans
is > Einsprengling,* and the nearest English term available corresponding to this

wotild be ‘inset,’ which it is therefore proposed to use instead of porphyritic consti-

tueht*
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ordinary feisite, with insets of eroded quartz and felspar in an indefinitely

crystallised groundmass. Bat in others, as on the east side of Pen-bryn-
yr-Eglwys (37), and at Pant-yr-Eglwys (33), proved to be felsites by the
occnrrence of nnmerons, though altered, insets, the groundmass is coni*

posed of definite round elements, all of the same size and substance, and
divided by thin lines of sericite. These elements are so much like

grains that, except for the insets, the rock under the microscope might
be taken for a sedimentary one.

In the district south of Traeth Hulas the best preserved granite is a
beautiful white rock (139), which microscopically appears, quite fresh.

It is characterised by its glistening white mica, most of which appears to
be original. But in spite of its fresh appearance it is much broken up,
and fresh mica is developed along the c'*acks, the spectral polarisation is

strong, the quartz is disintegrated, and a confused orientation is intro-

duced. It is, therefore, more or less cataclastic.

The rock at Llyn Trefwll (55) is still more cataclastic, though desti-

tute of mica. The debris are very small, and only a few grains of epi-

dote break the monotony. The rock from this neighbourhood, examined
by Professor Eonney, appears to have been less broken. There are
granites also in the group of rocks to be next discussed, but they will be
best dealt with in connection with their surroundings.

^

2. The Volcanic Group north-east of Parya Mountain,—This is a mar-
vellous group of rocks, quite unlike anything else in the island, or even^
perhaps, in Britain. On the large scale, there is no regularity about them

;

but they seem to become crystalline in lumps and patches with no definite

boundaries, but shading off into earthy-looking or sericitic rocks. Neither
their stratigraphy nor their structure, however, suggests that the more
crystalline portions are * eyes * produced by the relative motions of the
several parts

;
but give more the idea of their being a volcanic complex

of fused and clastic materials. They are not all suitable for microscopic
examination ;

but such as are, though they may be earthy in appearance,
turn out to be crystalline in structure, and the irregularity of the mass is

mirrored in the irregularity of the elements. They may be divided for
description into two groups, according "as the component elements arc
large or small. Those with larger elements have a crystalline appearance
in the field, and some may be classed as )|^nites and some as diorites.

The granitic type is well seen at various places on the shore, north of
Forth Lygan (233). It consists of large masses of quartz divided by
sutural lines, and equal masses of felspar which are occasionally idio-

morphic, but are now so speckled as to be composed of little more than
sericite and calcite, while many of them are banded. Between these
two, isolated in their midst, and fitting closely against them, are patches
of both brown and white mica, which are, therefore,judged to be original.

The rock is therefore a typical granite, showing no signs of pressure,

and has no schistose associates. Yet it is of the same^type as the other
granitic rocks of the island, both in the bands of the qute^zes and in the
alterations of the felspar, and differs chiefly in the absence of accessory

minerals. When, however, this granite is broken, as at Pen-yr-AUt (244>
garnets are found in it, though in such a state of alteration, as already
explained, that little of the original mineral is left.

Those rocks on the east side of Parys Mountain, in the band that lies

to the south of the main development of the group, that may be referred
‘

to the granitic type (252), are, like the rocks near Llecheyn-farwy, ihorie .
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basic in composition. They contain no quartz, but are principally com-
posed of large crystals of plagioclase, with some possibly original mica.

It is, however, irregularly cracked, and the cracks are filled with mica
and with a certain amount of hornblende of apparently secondary origin.

This is closely associated with the rocks of dioritic type, which, as else-

Tyhere in the island, are of a schistose character, apparently owing to the
tendency of the hornblende to orientation. In one example examined
(249) this mineral is very abundant, and is certainly of the same gene-

ration as the accompanying plagioclase, both being clearly crystallised

and of equal importance. There is also abundance of isolated, and there-

fore probably original, brown mica. Quartz occurs sparingly, both as

separate elements and as small inclusions, in the mica. The accessory

nunerals are numerous and important, including apatite and ilmenite,

and a few crystals of sphene. Another example (251) contains tho
largest crystal of tsphene seen anywhere in Anglesey. All the elements

of these rocks are smaller than those of the granites. It is difficult to

be certain of the origin of these schistose diorites in this locality, their

stratigraphical relations being obscure. They are probably unconnected
with the granites ai^d later in date. Their basic character, their accessory

minerals, and their association, all speak against their being developed
from the neighbouring sedimentary rocks, as supposed by Mr. Allport.

They show njsigns of pressure.

We can in fact observe what may well bo considered as the true sedi-

mentaries in the immediate neighbourhood (250), and these are of an
entirely different character. They are slightly orientated, and are com-
posed of rather rounded elements of quartz, mica, and felspar, much of
the^tter being plagioclase; and in general they closelv resemble the

gneisses of other districts. It is probable that these are the rocks which
formed the ground out of which the volcanic products were erupted.

The small-grained rocks of the district are exceedingly various, and
it seems almost impossible to classify them, each one examined being
different to the others; Moreover, their structure is utterly, irregular,

being nothing but a confused mixture of various minerals; according
to the collocation of these minerals so is the rock. Very few, however,
show any signs of pressure. In one gfroup there is much secondary mica.
Of these there is a beautiful example at Abertywedog (239), full of dark
mica, interspei'sed with ferrite, and containing also quartz in irregular

patches and sericitised felspar. Its chief peculiarity, however, is its

containing the beautiful decomposed garnets, already described, some of
which are large enough to occupy the whole field of view. In another
of the same micac^us type, at Penrhyn-glas (246), and which also con-

tains some ilmenite, the decomposed garnets are so abundant as to almost
play the rdls of groundmass to the other elemefits. The others of this

group take their character firom the principal' second ingredient. Thus
at Llanwenllwyfo (242) we have a micaceous rock, in which the principal

mineral is quarts with apatite and . brilliant' zircons. In one south of

Nebo (247) the principal mineral is sericitised felspar, with apatite and
ilmenite

; and in ope at Dulas (237) the quartz and felspar are about
equal in amount. One of the rocks of this grcup, at Forth Lygan (235),
exceptionally shows feeble signs of foliation. It has abundant brown
mica, with sericitised felspar, small scattered elements of quartz, with
ilmenite or lencoxene, and another mineral, now utterly altered and
decom^os^, but which occasionally shows the cleavages of hornblende.
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This may be compared with the hornblendic granite already described. .'In

another rock near the same spot (236), but close to a crystalline mass,
the whole mass has been broken up into fragments or torn out into

strings. The best interpretation which can be suggested for these is> that

they are irregular masses composed of the materials of a granite in the
form of volcanic

A non-micaceous group has some quartzose re|>resentatiyes, as at

Abertywedog (240), where the other elements are fairly preserved plagio-

clase and calcite, with a little leucoxene and apatite
; aiX^ also some which

are quartzless, as to the south of Nebo (248), where the- rock consists

of an irregular aggregation of plagioclase and calcite without definite

boundaries. It also contains a considerable quantity of sphene, and a
small amount of apatite and garnet.

Besides the above, which are composed more or less of granitic ele-

ments, there is associated with them in the same complex, and apparently

of the same general age, a group of rocks which in some cases is certainly,

and in others probably, pyroxenic. The clearest of these, at Bhos Manarch,
inland (243), may almost be called a dolerite, though the general arrange-
ment of its elements is very like the irregular rocks described above. It

contains abundant augite, in broadish plates of irregular eroded outline,

and also, to judge by the cleavage, similar plates of diallage, associated

in an indefinite way with unbanded felspar, together with%mall sphenes
and. garnet. It is full of crystalline calcite, and has a skeleton crystal

of pyrites. The former of these may well be seconda,ry, as a similar

mineral fills the numerous cracks. Of the others, owing to their state of
decomposition, it is not so' easy to be certain. One at Trwyn (241),
which forms a beautiful object with the paraboloid and is somewhat
orientated, has a groundmass of sericitic material, which from its arrange-
ment may be the result of the entire decomposition of some felspar ; with
this are long patches of minute and feebly polarising elements, not unlike
serpentine, which are also probably the result of entire decomposition of a
second mineral. These spaces are scored with parallel cracks, now filled

with calcite, whose ci^stals on either side eat into the adjoining spaces.
Thirdly, there are some opaque areas of brownish dust, crossed by lines
which appear to indicate a cleavage such as that of augite; and, lastly,

there are many sphenes. Though utterly decomposed this appears to
have been a holocrystalline rock of felspar and two pyroxenes.

There are two other rocks in this district which it does not appear
possible at present to classify with certainty, though both are well-defined
in their peculiarities. One of these, at Abertywedog (238), has a ground-
mass of garnet, much clear quartz in rather rounded elements, with
inclusions of zircon and apatite, irregular patches of calcite, and crystals
of decomposed sphene with brownish sub-opaque patches like worn
crystals, with numerous parallel lines of brown dust^ which seem to indi-
cate a well-marked cleavage, such as that of diallag^ this the qusrtz,
like the garnet and the calcite, may be secondary a>^, adventitious, but
at present, if the dusty material be diallage, it has nhi the associates we
should expect. The other, from Forth Lygan (234), obnsists of uniform,
small, rounded elements, apparently of felspar, with iie. narrow crevices
fill^ with slightly orientated sericite. From the occurrenca of insets in
a similar rock at Pant-yr-Eglwys we know that tids must be an altered
felsite, but it looks more like one composed of minute lapiUi.

This complex of various rocks is for the most part bounded by
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faults, SO that we have little opportunity of comparing them with neigh-

bouring sedimentary types. One, however, ofthis class, from the northern

side at Ty Kewydd (245), has been examined, and is seen to differ esaen-

'tially iu structure, and correspond to the more altered gneisses. It con-

sists of larger elements, bounded by dark lines, probably due to decay,

of rather rounded outline and closely fitting. The larger ones are fel-

spar, and the smaller quartz, and orientation is produced by abundance of

brown mica. It contains also a lapillns of a rock, consisting of a mixture
ofquartz and seriditised felspar in small elements. This so closely resembles

in general structure the supposed sedimentary rock from the east of
Parys Mountain, that the conclusion is strengthened that these are the

true sedimentaries, and the group of rocks above described are of special

and volcanic origin.

3. The Dioritic Rocks and their Allies .-—The Dioritic type of rocks,

besides those described in connection with the last group, occur in large

quantities in the Central and Eastern districts, and to a small extent, in

connection with the granite, in the north-west.

In the Central district there are various patches between Craig-yr-allor

and Plas Llanfihangel. At Craig-yr-allor itself (130) the rock is very rich

in hornblende, and consequently has a dark-green colour. The crystal -

line elements are small throughout, and individually are very irregularly

antinged. The rock, however, in hand specimens shows some confused
orientation. The felspathic elements, which are now entirely converted

into sericite, play the role of groundmass, and in these there are dusty
patches of the decomposed and not yet recrystallised felspar, in one of

which the twinning lines may still be seen. The hornblende is scattered

over this without crystal outlines, and the rock is very rich in sphene in

small crystals and patches, with an occasional nucleus of ilmenite. In
certain spots there is a pyroxene, which occurs in a similar manner to

the hornblende, but less conspicuously. In one case it appears to form
part of a hornblende crystal. It would appear, therefore, not improbable
that the rock was originally a dolerite, in which each mineral has changed
to its appropriate substitute, and the whole become somewhat schistose

ini the process. In another rock from the neighbourhood (131) there is

a more conspicuous banding by the irregular segregation of the horn-
blende and felspar. The latter is often scarcely altered, but may be
traced gradually becoming sericitised. The former is very clean, and
the only signs of pyroxene are some apparent inclusions in certain of the

crystals. In its other features the rock agrees with the above. The rook
on the#ummit of the craig itself (128) is a much finer-grained rock, and
is only very obscurely orientated. Here the small, rather rounded felspar

elements are very clearly seen, and the hornblende is clearly crystallised,

and the titaniferous element is represented entirely by ilmenite. It

would appear, therefore, that the rock is lesa»altered as a whole than the

first described. if it be really derived from a dolerite, it is remark-
able that the only; ^ign of pyroxene occurs in minute corners and specks

at the edges of the hornblende. Ak far as the evidence of these rocks

themselves may go, they show no sign of disturbance since their first

consolidation, any ' alterations observable or suggested being entirely

chemical. But in another rock in the district (129) the whole has been
broken into fragpneihts, the larger ones lying in a cement of the smaller

ones, making a true niorfar-structure. Yet the large fragments are very
clean, the felspar is well preserved and contains inclusions of apatite, and

D D 2
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the hornblende is well crystallised. A 'second rock from ihe noi’them
boss (132) has the change carried still farther and combined with <the
chemical, the whole rock being an irregular mass of calcite and chlorite,

with stray fragments of unaltered felspar and hornblende, to show
whence it has been derived.

The rocks which lie to the north of Llandrygam, though well supplied
with hornblende, appear to belong to a diffei'ent group, more nearly allied

to the granites. Two of these, one near Llandrygarn (133), and the
other near Penterfyn (134), are very much alike. In these the felspars

are in much larger elements, and often contain apatite, and there are
isolated areas of quartz. The hornblende, mica, ilmenite, and sphene
which make up the rock crystallise only in the intervals, and have there-
fore what may be called negative outlines. A similar type of rock occurs
in the valley south of Llecheynfarwy. The band of diorite which ex-
tends northwards to Plas Llandhangel has been examined near the
ls>tter spot. It represents the Oraig-yr-allor types in rather larger ele-

ments. In the rock to the south-west of the farm (136) the horn-
blende and felspar are about equal in amount. The latter is much
serioitised and contains a little apatite, and the former has in many places
pyroxenic patches taking the place of a part or the whole of the crystal.

There are also some dark brown rutiles. The rock to the east of the fiarm

(137) is one of the most complex in the island. It has a kind of ground-
mass composed of a complex of small and very irregular elements of
quartz and felspar, the latter being the most abundant and often occurring
in large sericitised plates and containing apatite. The hornblende is in
large patches, each of a single crystal, generally decomposed along the
^cleavage lines, and without deHnite boundaries. There are several well-
preserved patches of augite, some of large size, and not in this case con-
nected with the hornblende

;
there is a considerable amount of the usual

sphene ; and, finally, there are large ophitic masses ofthe ordinary garnet.
Some short, dusty, high refracting pieces may even represent decomposed
rutile. If this rock commenced as an ordinary dolerite, chemical meta-
morphosis could hardly go much further.

It is reinarkable that at Pen-bryn-yr-Eglwys we have, in a small band,
the two varieties which are seen to occur in the Central district ; one of
these (38) is the coarse form, such as occurs north of Llandrygam. It
has a groundmass ofwell-banded plagioclase in large elements, with little

crystals of apatite
;
and the hornblendic element, which is in irregular, len-

ticular, and somewhat orientated bands,' is now entirely converted into
chlorite

; the mica also which was present is mostly now in the same
form ; but there is no quartz. The other (39) corresponds entirely with
the finer rocks at Craig-yr-allor. There is the same uniformity of size
and distribution of the small elements

; the felspar is apatite-bearing,
there is the same unaltered .ilmenite

; but the hornblende,' readily recog-
nis^ by its cleavages and general build, has now, as in last case, been
entirely changed to chlorite.

^When we put these observations together, and . call to mind the
various alterations traceable in these rocks, both mecbnnical and chemi-
cal, which succeeded the presence of hornblende wi^in them, we may
be certain that, if this hornblende has ever been derived from an augite,
the change must have taken place at a very early period, and under quite
different conditions to those which have brought about the later changes.

0 In the Eastern district there is an ithportant mass of dicMrite in the
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seigliboarhood of Gaerv\ren, essentially of tli^e same natare as that at
Graig-yr-allor, bat more foliated throagboat. The closest resemblance
is in the so-called * gneiss * by Holland Arms (175)) which has the same
nniformly distributed small elements of felspar and hornblende and
numerous minute sphenes. Some few of the hornblende elements have
small comers which present the characters of a pyroxene ; but their

long axes are all in the same direction, and they are not deformed. In
every other case examined the elements have been more or less palled out
into lenticleS) whereby their aspect is greatly changed. The first stage

of this process and its results are beautifully seen in the rock at Gaerwen
Windmill (173). Here the hornblende has become rather fibrouS) but is

otherwise little changed except in shape
; but the felspar) assuming it to

have been originally present, is now in the form of dusty, not very trans-

parent lenticles, which have the optical characters of epidote. These
have parallel sides for some distance, and then terminate gradually.

The quartz which was present is found in microspectrally polarised bands.

There are also the usual sphenes and a little pyrites. Some later veins

in this rock are of interest, being composed of clear felspar, with needles

of actinolite (?) radiating from the ends of the hornblende layers. In a rook
at the most northern end (182) we find a second stage. Here the same
elements of hornblende, epidote, and sphene can be seen to be present,

but the rock is now crowded with mylonitic lines, between which the
epidote is ground to powder, and only a few recognisable fragments of
hornblende are left. It is strange that this shearing should not have
been followed by any chemical changes, especially as there are trans-

verse cracks filled with calcite, and a very low polarising mineral, per-

haps serpentine. In this case the strain has acted so as to intensify#

the foliation ; but in a rock from the wood north of Y-graig (179) it has
broken it up, so that orientation can only be observed in small frag-

ments. It is remarkable that no epidote can be observed in this rock, the
felspathic element haying broken up and become microspectral or mosaic.

The interpretation of some other rocks of larger elements will now be
easier. There is a banded rock composing the hill north of Y-graig

(178) in which dark-green bands alternate with white ones. This
corresponds on a larger scale with the rock at the windmill, the green
bands being elongated hornblende, and the white ones decomposed epidote

much broken up. The rock at Ysgubor Llwyd (180) is of still larger

elements, difficult to identify : some are certainly hornblende, and others

epidote and felspar, but there are large porphyritic crystals with strong

cleavages in one direction,' and others occasionally catting them at 87^*^,

and the extinction makes an angle of 14° with the first. It may be a
felspar. Another is colourless and non-dichroic, in long flakes like mica,

with cleavages in the same direction, and the extinction making an angle

of 18° with these. , It may be a pyroxene.. The rock has been much
broken. A third^A to the north of Holland Arms (181), is almost entii*ely

hornblende, in large frayed-out ciystals with spectral polarisation, a
phenomenon rarO in this mineral. A few narrow lenticles of epidote, and
crystals of sphena biing it into the same group as the rest.

The rooks in the narrow band which runs up to Pentreath can be at

once compared witlt and understood by the aid of that at the northern

end of the * gneiss - area. One, at the crossing of the Beaumaris road

(183)) which is entirely cataclastic, shows some relics of hornblende and
ej^dote, but the intervals are filled with calcite. In the rooks nearer
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Pentreath (184) almost all .the hornblende is gone, and very little epidote

is left, and this is in dust-like fragments—^the base has crystallised into

microspectral felspar. The end of this long series could scarcely be more
different from the beginning than it is. •

Besides these coarser-grained rocks there is in this district a remark*>

able series which is schistose in the highest degree. The connection

between these and the others is easily traced through a rock just to

the south of Y-graig (177), or one at the back of ^^Si^wen Windmill

(174). In the former we have very long and narrovjp c^stals of horn-

blende of no definite shape, and small isodiametric crystals, of epidote and
quartz, and there are also a number of minute brown rutiles. All these

are perfectly clean and fresh, and do not appear to have been in any way
modified since their formation. In tho latter the hornblende has more
shred-like ends, the epidote is elongated, and there are only a few minute
sphenes. They thus differ only from the former group by their much
more marked orientation. It is essentially the same rock as this which
occurs in an intrusive form in the Llangaffo cutting. Much of this is

highly orientated, though the specimen examined (164) does not show
this well, but has larger hornblende crystals, inclosing more or less

isolated areas in which there is little but epidote and quartz. From
these we pass to a rock at Tyn-drain (167), which agrees with them in

every respect, especially with the one at Gaerwen Windmill, except in

the replacement of the ordinary hornblende by beautiful blue glaucophane;

It contains, however, some scattered elements of speckled felspar and of

hornblende, which do not conform to the general orientation. From this,

again, it is but a step to the glaucophane schists of the quarry near

• Anglesey Monument (168, 169), in which that mineral is more pulled out

and interfelted, and is in such abundance as to almost play the role of

gronndmass to the epidote. There is little else than these two in the rock,

only a few specks of hematite, and some probably segregation veins of

quartz. In the latter float some separated crystals of glaucophane, which
may either have been torn from the sides or re-formed with it.. The
orientation in these rocks cannot be properly called foliation, since it

has, at present at least, no relation to a plane, but only to a line

—

there is no orientation in a transverse section. Many of these rocks have
been examined from various localities, but, with the exception of those

that follow, none show any essential difference from the above or
peculiarities worth noting. In a rock from i^ear Castellor (172), and
another from the south of Newborough (164), there are enclosed small
spherical areas, bounded by ferric dust and filled with complex growths
of epidote, like the smaller vacuoles figured by Fouquet and Levy in the
‘ Variolites.* In another rock, near Castellor (171), one of the quartz

veins, as already noted, contains small prisms of tonrmaline. Like the
group with larger crystals, these cau undergo still Ohianges under
the action of pressure or stress. Thus, at Oamen Q^(^1^.^X70) the horn-
blende is tom out in shreds, the epidote is brokeh'^^ and elongated,

and there are numerous cracks and veins of
,
felspiathio and caloitio

crystals. Near Holland Arms (176) the lines of ori^tation are so con-
torted and crumpled that they can scarcely be ri|dbgnised under the
microscope,’ but are evident without it. Finally, a^ Bryn Gwyn (165)
(see fig. 24), and elsewhere ,on the eastern margin^ tlie elements are so
palled out that they are reduced to little more than dust, and the rook
looks little better than an earthy slate.
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In the extreme north the rocks are of the same character as the last

described group, but not glancophane bearing
;
but their regularity is

much interfered with, and the cracks and intervals are filled with fresh

quartz or felspar. . This is well seen in the rock at Ty Lon (185) and on
the summit of Mynydd Llwyddiart (185), and in these perhaps we see

the maximum change of the series.

4. The Odbbros and Serpentines ,—These rocks having been already

eystematically studied and described by Professor Bonney, there is the

less necessity for dealing with them at length. The existence of gabbro
as well as serpemtine in the area has been proved, and the derivation of

the latter from olivine-bearing rocks has been demonstrated. Neverthe-
less, the present examination has brought out some additional points of
interest. The gabbro at Ty Newydd, near Pour Mile Bridge (45 ), is a
well-marked rock. The numerous diallage crystals now stand out
porphyritically from the groundmass ;

they are fairly well preserved, and
have secondary enlargements which are not optically continuous with
the original crystal. Two minerals at least contributed to the ground-
mass. One, which was probably the felspar, is now represented by
opaque dust, the crystalline aspect of which with the paraboloid sug-
gests its previous conversion into epidote. The other mineral has pro-

duced transparent patches, which show a fine fibrous or closely cleaved

structure, parallel to which it extinguishes. It may therefore have been
an enstatite.

Starting with this normal rock we may now by several steps trace

its passage under the action of pressure and shearing into a schist which
may easily be mistaken for one of the ordinary schists of the island ;

thus confirming the suspicion of Professor Bonney with regard to the

schistose rock of Tyddyn Gob, that it might be * an altered gabbro with
pressure foliation.*

In the rock at Dinas Fawr (46) the diallage looks still more por-

fihyritic from the groundmass having passed over entirely into a
microspectral mass, in which all individualisation of the original fels-

pathic crystals is entirely lost, and the whole has become saussuritic

;

where it has been pulled asunder the interstices are filled up by growth
from the surrounding diallage crystals. The indestructibility of the

diallage in the midst of these changes is noteworthy, and assists greatly

in the chain of evidence which leads us at last to the schists. The
next link is at the same spot, and forming one large knob with the last

(47). This example is almost entirely composed of fine crystalline

strings, tailing off, or interosculating with each other, and having the

pulled-out look characteristic of mylonites
;
but amongst these are some

distorted fragments of diallage. As diallage has nowhere else been
'found than in the gabbros, its occurrence may be taken as evidence that

the rock has b^en derived from its neighbour by mechanical deformation.

The proof 6f tSis depends on the indestructibility of the diallage. But
the diallage i$j hot entirely indestructible. In the former rook the

slight alteration of the diallage produces crystalline fibres, and in the

latter the abundance of these is correlated to the few relics of the original

mineral. These ffbi^s appear to be of the same nature as those which
produce the * (soapstone^j so that we may call them talcose. The origin

ef these talooSe schists at this spoi is certainly from diallage-bearing

rooks. We must therefore be prepared for farther chemical changes.

In the next rook of the series, at Yr Hendty (48), the diallage is entirely
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converted into the talcose material, which is mostly in £[bres, but occa-

sionally has a fragmental form with diallage cleavages. This materiaV

is in porphyritic patches. The remainder is partly mosaic felspar and
partly epidote, the latter in patches which are obviously cracked, drawn
out, and separated. Thus our eyed gabbro has become a talcose Qpidoto

schist. Here, however, the original positions of the diallage crystals^ are

still indicated, so that the rock at Penrhyn Fadoo (49) is a still further

stage. In this epidote is very abundant, but it occurs not only in pulled*

out bands, but in scattered recrystallisations lying in clusters in a
groundmass of the talcose fibres. The freedom of certain spots fron^

these new crystals is the only indication of where diallage has originally

been, except that by good ’fortune one or two small fragments of the

unaltered mineral are actually left. Finally, in the rock in the railway

cutting (50) (see fig. 23) there are whisps of talcose fibres, like cirrus

clouds, flashing out on a dark background, consisting of broken and
drawn-out fragments of epidote, now ground to opaque dust or partially

reciystallised to form mosaic felspar.

These igneous mylonites, whose origin is thus demonstrated, however
schistose they n ay be, nevertheless ditter entirely from the neighbouring
schists of the island both in their chemical constitution and in the

character of the orientation that affects them. For this reason it is

probable that the soapstone at Pwll Clai (54) is not an altered schist,

but is derived from the decomposition and recrystallisation of one of the

gabbro group, in association with which it occurs. It consists, like the

last described, of talcose fibres, small mosaic felspar, and a few epidote

crystals
;
but it is much cleaner, and though it has been a mylonite by

the general arrangement of its lines, it has since that time recrystallised.

Of the serpentines, the most typical observed is from the base of the
first inlet south of Four Mile Bridge (51). In this the original crystals

of olivine can still be seen in outline in certain parts, floating in a
transparent matrix, which is of apparently later origin. Fitting in with
these in a holocrystalline manner are several areas showing the fine

fibrpus cleavage structure of enstatite. The ferric constituent is not
found distributed in the cracks, but occurs chiefly in the form of
rounded masses like eroded crystals, or scattered like dust, both in the
olivine areas and elsewhere. The alteration of the olivine has taken
place along lines which have a tolerably uniform direction throughout
the rock, and which pass through the enstatite patches. We may there-

fore conclude that they were produced by the general forces which have
brought about the foliation of the district, and that the rock is in fact a
foliated serpentine, which was once a Saxonite. From the primary lines

of alteration in tho olivine areas a transverse set of lines has proceeded,
so that the whole crystal is changed into a series of broken parallel bands*
of chrysolite. The enstatite areas, on the contrary,; though roughly
traversed by the general lines, have their fibres arrangi^ along, and per-
pendicular to, the most conspicuous cleavage lines. '^The intervening:

'

matrix must be of later date than the primary alteration, as it inter-

rupts the parallel lines; it is composed of indefii^i^ly small fibres,

doubtless serpentinous, which, being arranged pronflilcuously, scarcely
have any effect on polarised light. The whole is r0-cracked in many
directions, and the new cracks filled with sexpentihe. The metamdr-
phosis of the rock does not seem, therefore, to have followed the usual;
course.
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Another totally distinct form of serpentine occnrs near Cmglas (52).

Quite half of it is composed ofvery minutely crystalline calcite or dolomite,

not forming a mosaic, but speckling the \vhole rock in clumps. These
clumps are in some places irregulai^ and in others occupy more definite

shapes ;
^the remainder, or groundmass, is of crossing fibres of serpentine

of various sizes and dispositions. There is also much black magnetite,

sometimes forming the centres of patches surrounded by cracks, but
neyer occurring in the cracks themselves. This calcite is doubtless an
infusion from neighbouring calcareous rocks, and has assisted in the

«
Iteration of the rock. At first sight it seems impossible to recognise any
riginal minerals

;
but towards the circumference of the slide are seen

calcitic areas which are outlined in such a way as to suggest the original

presence of augite
;
and in one qase there is a section without calcite,

distinguished from the rest by its transparency, and having very dis-

tinctly the section of a crystal of augite, cut perpendicularly to its vertical

axis. This remains dark between crossed Nicols, and gives a biaxial

cross in convergent light. In another case a crystal of the same shape
and properties has narrow lines of calcite along the nearly rectangular

directions of cleavage. These we may safely consider to be altered

augite. In certain other areas the calcite is seen orientated in the direc-

tion of the longest axis of the original crystal, and the serpentine is also

separated along lines parallel to this. It is probable that these areas

represent enstatite. It is not so easy to recognise tlie original olivine,

but when the slide is examined with a hand-glass, there is evidence that

half of it is occupied by a single large crystal lying in the centre. A
portion with a yellower tint than the rest is outlined by a polygon

;
and

it is always beyond this boundary that the indications of augite and
enstatite occur, while within, all is characteristically irregular. If the

nature of this be rightly judged, the original rock was a porphyritic

Llerzolite. It is now an ophicalcite.

In the above rock the neighbouring calcite has affected the serpentine

;

in another close at hand (53) the converse phenomenon is seen. Of this

the same calcitic crystalline material forms the bulk, but there is nothing
in any way to suggest previous crystals whpse place jt has taken. On the
contrary, the whole is traversed by irregular, undulating, subparallel lines

of magnetite, from which, as also from minor cracks without magnetite,

the serpentine crystals grow out in radiating sheaths. This is most easily

interpreted as a recrystallised limestone, into which serpentinous matter
has been infused from without.

5. The Isolated Masses and Dykes .—For this section are reserved all

such peculiar rocks as are either known from field evidence to form
dykes, or occur in so sporadic a manner that they are probably of similar

origin to dykes. No dykes, however, that are intrusive into Ordovician

rocks, or are similar in character to such as are, will be included. For
all that is known to the contrary, all the following rocks may have been

produced before the commencement of the Ordovician period. We may
commence with the felsites.

No felsites have, been recorded, or have been observed by the writer,

in the Eastern district,- and those that occur in the Western and Centml
distriotSj and that south of Traeth Dulas are so intimately associated with*

their respective granites that they have scarcely a separate existence.

Thns the only isolated felsites occur in the Northern district, of which

four have been examined.
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The first is from a dyke east of Mynydd Mechell (225) (see fig. 20), In
this there are no proper insets, bat here and there are little collections of >

epidote crystals—sometimes almost isolated and sometimes attaining the
magnitude of a fair-sized spherule—but they are not radiate, nor regular in

outline. The groundmass, as seen by the paraboloid, looks like an almost
uniform glass, but dim and shadowy outlines separating very feebly

dotted spaces indicate a subdivision into larger eluents. When seen
between crossed Nicols these larger elements are still conspicuous as a
kind of substratum, or earlier stage of division

;
bu]^)they are greatly

interfered with by the development, with sutural boundjiries, of numeroug
smaller crystals, whose long axes are in general irregularly arranged, btif

which in many spots radiate froni a point, like ill-formed spherulites, or

from the circumference of the epidote nests. This combination of larger

elements with smaller spherulitically arranged ones is so peculiar that if

it is met with elsewhere it should receive a name, such as macro-felsitio

structure. In a second dyke from the same district (226) the ground-
mass is microgranitic, and there are no insets or epidote nests, but it is

crowded with large spherulites of the ordinary fibrous radiating type.

These have occasionally successional rings
;
where most crowded the

interspaces are filled with larger elements. Its present state has there-

fore been reached by at least two stages. The rock at a large boss at

Tygoch-wyfsa, east of Amlwch (230), is a typical microgranite, whose
insets are idiomorphic quartz and twinned orthoclase,‘ which are often

surrounded by a spherulitic border. The most beautiful of all these rocks,

however, is that of Hafod-onen, south of Amlwch (228) (see fig. 21),
marked on the Survey map as * greenstone.^ Its original structure is rather

obscured as seen between crossed Nicols, but with the paraboloid it is

seen to be truly porphyritic, all the insets being felspar and most of them
idiomorphic, and some speckled. In the groundmass there is a little

microgranite, but the characteristic structure is that of a beautiful

granophyre. The elements composing this are very minute, and are

arranged with the longer diameters of several in succession in on^
direction, so as to form ’a lacework pattern. The difference between the
materials of the elements cannot be demonstrated between crossed Niools,

but by oblique light there is seen to be a difference in the refractive index.

The structure is therefore that of a true micropegmatito. In many cases

the network starts from the sides of a small rectangular inset and grows
out in bushes, forming an hour-glass pattern in the mass, which is

bounded on all sides by similar growth from other crystals. ,They thus
form the pseudo-spherulites of Rosenbusch, with this difference only, that
their outlines are regulated by .thb interference of neighbouring growths
and by the size and shape of the originating crystal.

Another group of rocks consists of those which weather spheroidally,

and all of which have a more or less common 8t:^.otut^. One of the
simplest is largely developed among the volcanic rockit bfOareg Q-wladys
(20o). In this there is an abundant base, which reifi^i^s between
crossed Nicpls, but it is scarcely a glass, tojudge by its dhsty appearance in
ordinary light, but it may be microfelsitic—^there are a few minute polar-

ising specks in it. In this groundmass are scattered li&hierous mioroliths

of a lath-shaped plagioclase, which, from its low exfinctibn angle, is pro^
bably oligoclase. These lie in every direction and interlace with each otbCr
without any regularily. We have thus the absolute reverse of orientation,
seeing we start with axial crystals. To distinguish this we may compare
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it mtli the sirrangoment of spicules in some sponges, and call it spicular

arrangement. In the same district we find a more complex form (207)
(see fig. 22), whichmay really be the same rock under different and special

circumstances. It is seen running into the crevices and wrapping round
the surface of a purple calcareous rock, and is characterised in the hand
specimen by a number of small pea-like bodies which are brought out on
its surface by weathering. The base of this is also a dusty substance with
minute polarising specks, in which are scattered very fine felspafchic

microliths, which .jaire in general irregularly placed, but in some places

ijiey aggregate into sheaths, and elsewhere, particularly near the contact

with the shale, become complete sphernlites, though without a circular

outline. None of this structure, however, represents the pea-like bodies.

These in a thin^ section form rounded areas, with a closely-set narrow
border of minute epidote crystals, with larger crystals of the same, or of
some other unrecognised mineral, filling the centre without any arrange-

ment. They vary in size from *005 inch upwards. No particular infor-

mation is afforded by this rock as to the origin of such varioles, as they
ought probably to be called, from their resemblance to some of the struc-

tures seen in the Variolites of the Durance. We can compare them also

with the epidote nests seen in the diorites near Newborough and in the

felsite at Mynydd Mechell. There are also in the rock several areas now
composed of an aggregate of epidote crystals, and having the external

form of orthoclase crystals. These appear to be altered insets. There
are also a few small patches of augite.

A third remarkable spheroidal rock occurs as an isolated boss to the

west of Amlwch (227). The original structure of this can be best made
out with the paraboloid. We thus see that it contained a number of

acicular microliths, floating irregularly in what was probably a glassy

base, but it is now filled with infinitesimal particles of a shiny crystalline

appearance. These are arranged in relation to the microliths, often form-
ing a border, to them, and sometimes appearing to radiate from them.
The whole mass is also separated into larger areas of very obscure and
irregular outline, which polarise as a whole somewhat after the manner
of the macrofelsite of Mynydd Mechell. But over and above all this the

rock has, a special feature, which is the most striking one on first exami-
nation, but which is evidently of secondary origin. This is the develop-

ment of a crowd of small prismatic crystals of epidote, which stand
isolated or congregate in groups and have no regularity of arrangement.
That they are pf later origin than the microliths is proved by their often

wrapping round and partially enclosing them. There are also a number
of calcitic patched and lines of ferric dust.

It would seem from the structure of these rooks that an irregular

arrangement of long narrow crystals is the most favourable for the

development of large spheroids by weathering—the structure and the

form being Alike peculiar, and in every case combined. It may be called

to mind thateu^ is the structure of basalt, whi<)^ is also noted for its

spheroidal weathering. The spherical surfaces are, of course, anterior to

the weathering, wjwch only brings them out, and it is not suggested that

the spicular struClmre is the cause of these spherical shells, but that

the two are correlated as the doable results of a single cause. If^ from
the cirenmstanOes bf cooling, or the materials of the rock, a spicular

structure is brouight about, it is probable that a spheroidal form will

follow.
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A peculiar rock afc Gwalchmai (138), which nnfortahately is not seen
in a weathered state but only in a quarry in the yillaffe, has essentially
the same general structure as the above group, but it looks quite black,
ana like an earthy pelite. It consists entirely of rather larger mioroliths,

crowded together and overlapping, and which also appear from their
extinction angle to be oligoclase. They are set in a matrix which
contains nothing but black and red ferric dust, and a non-polarising base.

It might almost be called a basalt but for the absence of any magnesiam
constituent. Perhaps andesite would be the best name to ftpply

generally to these rocks. The interest of this black one lies in the &ct
that it is the only one of its kind yet found in situ in Anglesey, whereas
numerous fragments with* a similar structure occur in the overlying
rocks near Bangor and elsewhere.

The only remaining rocks whose structure the microscope is of
value in elucidating, are the diabases. There are, of course, many
such rocks in Anglesey of more recent date, but those now to be
described are entirely confined to the oldest series. One of the most
interesting is that near Llyn Trefwll, which lies between the chlori-
tic schists and the great Ordovician beach breccias, and with which
the small mass of granite already described is associated. Some of
this is schistose, some is not. A non-schistose example (56) consists
of a dusty, but otherwise transparent, base, in which are numerous
felspar microliths as well as black specks, which may be magnetite

;
it is

dark between crossed Nicols, but this is partly due to the development
of a non-polarising chloritic substance. In this base are numerous insets
of augite, many of the smaller of which are idiomorphic. There are also
some patches of dark earthy matter, apparently included fragments. The
rock is therefore a typical diabase. The schistose variety (57) differs in no
essential respect from this, except that the augite is smaller, is scarcely
ever idiomorphic, and looks fragmentary. The apparent schistosity is
due solely to a few nearly parallel cracks, and an almost imperceptible
onentation of some of the microliths. Apparently continuous with this
rock is a green mass which contains fragments of granite (58). This
green rock, however, is really a diorite like that of the Central district,
rich in hornblende, with a little apatite. It is, therefore, probably
unconnected with the diabase, and forms part of the breccia bound
to it by pressure. This is the more probable, as the fragments of
granite described by Professor Bonney were associated with a slaty
matrix. In the neighbourhood of Dinas Llwyd, and northwards to
Bodowen, there are numerous lenticular patches of igneohs rock, which,
unlike the later dykes, are orientated with the sedimentary rockf^ of the
district, here largely of volcanic origin. One of these has recently been
described by Mr. Barker (‘ Geol. Mag.’ N.S. Dec. ill. vol. v. p. 267) as an
olivine diabase. The specimen examined for this report, from nearer
Dinas Llwyd (127), would be rightly described by that title. It does not,
however, show the ophitic character of the augpte, 'whieh is described by
Mr. Barker, but, like his specimen, it contains large tnasses of ilmenite,
a characteristic mineral of the older but not of the newer rocks. It is
probable for all reasons that this belongs to the olde^* group, and in this
case it is the only one in which olivine has been recognised*

; A
mylonitic form of apparently the same type of rock dccurs a little west
of Llangwyfeh (125), in the same district. It has ^rawn-out crystals
of augite, plagioclase, and perhaps of diallage, in the midst of lines
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crystals composed of epidote, chlorite, and caloite, with a fibrous mineral
elsewhere referred to i^lc.

A mass marked * greenstone * on the road between Amlwch and Parys
Mountain, protruding through the old schists like a neck (229), is another
of,, these diabases. It shows a groundmass entirely composed of

s^ondary epidote, in which there are many insets of augite, some of

them idiomorphic, with large masses of leucoxene in the form of skeleton

rhombohedra. This last fact, together with the total conversion of the

felspathic constituent into epidote, suggests that it is not much younger
in date than the rocks amongst which it occars.

There are several other masses of diabase which have either not been
examined, or have been found so utterly broken-down that little of their

original structure can be made out.

Conclusions.

The series of rocks above described are so various in their composi.
tion and structure that the results of their study cannot be fully stated

in a single preposition, but there are many conclusions of which they
either afibrd demonstration or render the probability considerably

stronger. It is of course understood that these conclusions refer only
to the rocks of Anglesey, so far as this Report is concerned. These may
be formulated as follows :

—

1. The use of the paraboloid and binocular microscope throws new
and valuable light upon the structure of such rocks.

2. The amount of alteration in rocks which form part of the same
complex may vary very greatly without our being able at present to

assign any adequate cause for the difierence.

3. Rocks may become entirely crystalline without the slightest sign

of foliation, a mosaic type of structure being produced, in which areas of

yielding to tension may be seen.

4. Fine-grained rocks more easily become entii*ely ciystalline than
coarse-grained ones.

5. In those crystalline rocks which are most clearly connected with
unaltered ones the crystal elements are small.

6. Foliation-cleavage is produced by the orientation of some of the
new minerals, the others remaining unaltered.

7. Fracture-cleavage is produced by larger cracks, which are after-

wards filled with mineral matter.

8. More complete foliation is unaccompanied by cleavage.

9. uriginal structures, such as that of lamination, need not be de-

stroyed by foliation.

, 10. Yeiy few, .except fine-grained, rocks are entirely recrystallised so

as to lose all trace of original fragments.

11. Rocks which under pressure have been con.torted or cleaved may
have, their elements orientated in relation to the pressure, and not to the

bedding. . .

12. In no case is perfect foliation known to obliterate the bedding,

though there are foliated rocks whose original bedding is Dot certainly

known. '

.

,
13. The orientation of the minerals in a rook is of various kinds

—

qninouncial, linear, laminar, elemental, and confused—^someof which are
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more complete than others. This must have b^en produced under the

action of a directed force, which caused no motion in the mass as a whole,

and may therefore be called statical.

14. The effect of pressure on a crystalline rook is to produce spectral

polarisation, and a further amount to produce microspeotral polarisation.

15. In the case of felspars, a structure closely resembling that of

microcline is often found in rocks which have been subjected to pressure,

and may be due to that pressure.

16. Pressure accompanied by shearing produces mylonitic lines, which
may inffnence subsequent crystallisation, but which are quite distinct

from ordinary orientation, the force brought to bear resulting in motion
of the mass, and being therefore dynamical.

17. The pressure under which rocks have become foliated is greater

than that necessary to produce microspectral polarisation.

18. Some of these ancient rocks have been produced by the agency
of calcareous and siliceous springs.

19. The chemical composition of the rocks considered igneous is

different from that of the general sedimentary rooks, and often includes

special minerals.

20. The elements of the holocrystalline igneous rocks of acid type are

of a different order of magnitude from those of the sedimentary rocks.

21. Such acid igneous rocks are of various mineral constitution and
have undoubted felsites intimately associated with them.

22. Some of the most peculiar of the crystalline rocks are altered

volcanic products without orientation.

23. The basic igneous rocks have a great tendency to foliation, and
may become as foliated as any schist.

24. Some of the hornblende schists may be altered dolerites, without
showing any signs of subsequent pressure or shearing.

25. The serpentines are derived from more than one variety of
original rock, including sazonite and Iherzolite.

26. Igneous rocks, including gabbros, have their mylonitic represen-

tatives, whereby they may become schistose, and the production of

schistosity may be accompanied by chemical changes.

27. The difference in character between these and the regularly foli-

ated rocks indicates a different form of pressure in the two cases, the
latter being practically unaccompanied by shearing

;
and standing, as in

the case of the sedimentary rocks, in the relation of a statical to h
dynamical force.

28. Almost all varieties of rock have their cataclastic representatives,

unaccompanied by any radical chemical change. ^
29. Many rocks have very long histories, the events of whiRi have

left their traces in the structure, and all of which may be subsequent to
their foliation.

30. The dykes and isolated masses have peculiar bl^aauoters—macro*
felsitic, granophyric, variolitic, Ac., distinguishing them on the one hand
from the more ancient crystalline rocks, and on the other from the newer
dykes of the district.

31. An irregular arrangement of minute elongated %ystals—in other
words, a spicular structure—^is favourable for the prdduption of spheroidal
structure, as indicated by the mode of weathering. V

32. Finally, the whole series of rocks presents many original forms
which are still recognisable, and the metamorphosis they have undergone,
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leaving evident traces in their structure, does not prevent our recognising
in them a vast and varied complex to which perhaps there is no parallel

in the later rocks of Britain.

List op the Bocks referred to in the foregoing Report.

1. Great Quarry, Holyhead—Quartzite with foliation cleavage (fig. 12).

2. Porth-yr-Ogof, Holyhead—Quartzite with coarse groundmass.
3. Central series, Holyhead—Impure quartzite.

4. Porth-yr-Ogof, Holyhead, at junction—Impure quartzite with mica frag-
ments.)

5. Porth-y-felin, Holyhead—Laminated with parallel foliation (fig. 3).

6. Porth-yr-Corwgl, Holyhead—Showing solution of broken quartz (tig. 13).

7. East side of Straits, near Valley—Fine-grained rock.

8. Near Chapel, Four Mile Bridge—Fine laminated schist.

9. Caer Ceiliog,near Valley—Fine-grain«d rock, with mica orientated obliquely
to a strain-slip cleavage.

10. Crossing of River Alaw—Coarse fragmental rock.

11. Peniel—Green dust rock.

12. Forth Dryw—Fine mylonitic slate.

13. Beyond Forth Dryw—Mylonised in direction of bedding, with large frag-
ments.

14. South point of Forth Delise—Serpentinous mineral in tufts.

16. South point of Forth Delise—Irregular calcite with large mica.
16. Infusion south of Forth Defaid—Infusion of calcite and quartz with chalco-

^
' pyrite.

Vt, South of Forth Defaid—Laminated schist.

18. Green, East of Llanfachreth—Fine-grained rock.

19. Abersant, Llantrissant—mica-schist with elemental orientation—zircons.

20. Llanddeussant—Fine-grained rock with mica orientated obliquely to a
strain-slip cleavage (fig. 10).

21. North of River Alaw—Coarse fragmental rock, fragments mostly felspar.

22. Llanbaban—Mosaic rock writh tension areas.

23. East of Bodedem—Fine-grained rock with abundant orientated green mica.
24. By Caer-deon, Llanddeussant—Fine-grained rock with tension ‘areas

26.

Font-scyphydd, north of Llanddeussant—Fine-grained rock, mylonised in the
direction of the bedding.

26. Llanfaethlu limestone—Fine mosaic limestone.

27. Associate of Llanfaethlu limestone—Fine mosaic rock.

28. Church Bay—Fine-grained rock with large fragments.
29. Church Bay—Fine tuff.

30. Llanrhyddlad—Fine mosaic rock.

31. Summit over Ogo Lowry—Fine-grained rock with many quartzose frag-
ments.

32. Hill over Ogo Lowry—Mosaic rock or marbled slate (fig. 4).

33. Pant-yr-Bglwys—Granular felsite.

34. Pant-yr-Bglwys—Dust rock.

36.^|^ear Pant-yr-Bglwys—Felsite.

36. Quartz knob, Fen-bryn-yr-Eglwys—Quartz elements with sericitic boundaries.

37. Fen-bryn-yr-Eglwys—Granular felsite.

38. Fen-bryn-yr-Eglwys—Flagioclase and chlorite.

39. Near snSnmit, Fen-bryn-yr-Eglwys—Chloritised (epi ?) diorite.

40. Pen-bryn-;n!-Eglwys, north side—Granite with minute hematites.

41. Fen-bryn-yr-Eglwys, north side—Cataclastic granite.

42. Bottom of Fen-bryn-yr-Eglwys, by fault—Powdered granite.

43. Monachty, junction of granite and ash, Brecciated granite.

44. Behind MonaQhty*T~Aplite.
46. Ty Newydd, Valley—Enstatite gabbro.
46. Dinas Ffiwr, Four Mile Bridge—Gabbro with eyes of diallage.

. 47. Dinas Fawr, Four Mile Bridge—MyloniseH gabbro with relics of diallage.
> • 48. Yr Hendty, Four Mile Bridge—^Talcose epidote schist.

49» Fenryn Fadoc, Four Mile Bridge—Mylonised talcose epidote schist.
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60. Tywyn Railway Cutting—Ditto, more altered (fig. 23).

61. South side of inlet, Four Mile Bridge—Serpentine derived from sazonite.

62. Valley, near Cruglas -Ophicalcite derived from Iherzolite.

63. Cruglas—Ophicalcite from limestone.

^64. Pwli Clai, north of Roscolyn—Talcose schist.

66.

Llyn Trefwll—Cataclastic granite.

66. Llyn Trefwll—Diabase.
67. Llyn Trefwll—Slightly schistose diabase.

68. Llyn Trefwll—Diorite with fragment of granite.

69. Bottom of Gogarth—Medium-grained grit.

60. Flaggy beds at South Stack—Fine-grained rock, with foliation oblique to
both bedding und cracks.

61. Slaty, Porth-da-farch—Medium-grained rock, mylonised.
62. Porth-y-crug—Fine-grained rock, with strain-slip cleavage, against a cylin-

der of grit (? a worm casting) (fig. .16).

63. Porth-y-crug—Medium-grained grit.

64. Porth-y-gwalch—Quartzite, showing fracture cleavage, zircons.

65. Roscolyn—Quartzite, showing fracture cleavage, zircons.

66. South of Roscolyn—Microspectral schist with fractui^ cleavage,rutiles (fig. 9).

67. Roscolyn slate—Confused microspectral schist with few fragments, some of
mica, chlorite transverse in nests.

68. Green rock, north side of Borthwen—Epidote crystals in dark dust.

69. Gwalchm;! Lowest, west of stream—Gneiss, with laminar orientation, and
microcline, &c., in cracks (fig. 8).

70. West of Gwalchmai—Cataclastic gneiss.

71. Gwalchmai Turnpike—Coarse mica schist, with linear orientation.

72. Bodwrog Church—Gneiss with laminar orientation.

73. Road north of Pen-y-carnisiog—Gneiss with laminar orientation.

74. Porth-y-ly-wod Island—Coarse mica schist with linear orientation.

76.

Porth-y-fawch—Fine mica schist with quincuncial orientation (fig. 6).

76. Porth Gwyfen, east side—Gneiss with few remaining fragments.
77. Llangwyfen—Fine mica schist with quincuncial orientation.

78. North of Llangwllog stream—Gneiss with laminar orientation, very little

mica. .

79. South of Llangwllog stream—Cataclastic gneiss.

50. Y Foel, Llanerchymedd—Sericitic gneiss.

51. Gorse Mill, South of Llanerchymedd—Decomposed gpueiss with derivative
mica (fig. 2).

82. By Llanfaelog Church—Fine felted mica.
83. East of Porth-ceryg-defaid—Fine cataclastic quartz-felspar mosaic.
84. Nearest gneiss, Porth-y-ly-wod—Cataclastic gneiss.

85. Between Ty Croes and Llanfaelog—Fine-grained, micaceous, with larger

fragments.
86. Gwalchmai, between granites—Quartz-felspar mosaic.
87. North side of Llangwllog—Cataclastic quartz-felspar mosaic.
88. West of Bodorgan—Dislocated cataclastic rock,
89. Lump in ashy bed, Llancadwaladr—Coarse quartzose fragmental rock.

90. In gneiss, west side of Trecastle Bay—Large orientated calcite.

91. Bodwrog— Irregular large calcite.

92. Behind Druid Inn—Coarse mosaic limestone.
93. Railway Catting, north of Llangwllog—Volcanic tuff, with mica of two'

generations, the first with inclusions.

94. South of Cerrig Ceinwen—Fragments of calcite and jasper in calcitio

cement.
95. In limestone south of Cerrig Ceinwen—^Jasper of small siliceous elements.

96. Quartz knob. Bethel, Bodorgan—Large roundedquartz needles
in a polygonal quartz matrix.

97. Quartz knob, east of Llangefni—^Various rounded fragments in pure quartz
matrix.

98. Cerryg-ddwyffordd—Fine-grained rock.

99. Cerryg-ddwyffordd—Fragmental rock.

100. Just north of Llangefni—Fine-grained rock.

101. Further north of Llangefni—Dislocated and cataclastic.

102. Side of River Cefni— Fine-grained rock, spectrally polarised.
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103. Chlorach Bach, Llanerchymcdd—Fine-grained rook with infusion of
calcite.

104. Trewyn, Bodafon—Fine-grained rock with abundant quincuncial mica.
106.

Under southern hill, Bodafon—Showing elemental orientation.

106. By Bodafon Farm—Fine-grained micaceous rock with fragments.
107. Carnedd a Tre’r beidr, Bodafon—Fine-grained, with fragments elementally

Orientated.

108. Clegyr, Bodafon- Fine-grained rock.

109. Bodafon Hill—Quartzite of coarse groundmass elementally orientated.
110. West side of Bodafon—Fine felted mica.
111. Craig Fryr—Onartzite of coarse groundmass elementally orientated.
112. Llanfaelog—-Chloritised granite.

113. Intrusion, west of Porth-y-ly-wod—Cataclastic granite or mortar structure.

114. Border of granite, near Pen-y-carnisiog—Qlomeroporphyritic microgranitic
felsite.

116.

Gwalchmai—Cataclastic granite or mortar structure.
116. Near Craig-yr-allor—Chloritised granite.

117. Henblas, Llandrygarn—Clean granite.

118. Ynys Dodyn, south of Rhos Goch—Cataclastic granite, microspectral and
with microcline in cracks only. \

119. Tyn-y-Pwll, south of Llanerchj’mcdd— Glomeroporphyritic microgranitic
felsite.

120. Bryn-Twrog, south of Llanerchymedd—Cataclastic granite.

121. Yrynys Coed, Coodana - Cataclastic granite or mortar-structure.
122. Junction atMaengwyn, Coedana—Coarse granite with tourmaline, in dusty

schist, with mica in cracks.
123. Tafarn-y-botel, Llanerchymedd—Gneissose granite, 6r granitoid gneiss.

124. Just north of Llecheyn-farwy—Plagioclastic rock.

126.

First green band, west of Llangwfen—Mjdonitic diabase.
126. Dinas Llwyd— Coarse fragmental rock.
127. South of Bodowen—Olivine diabase.
128. Craig-yr-allor—Foliated hornblende, plagioclase, and ilmenite.
129. Craig-yr-allor—Cataclastic (epi ?) diorite.

130. Craig-yr-allor—(Epi ?) diorite, formerly a dolerite.

131. Near Craig-yr-Allor—Foliated (epi ?) diorite with abundant sphene.
132. Northern boss, Craig-yr-allor—Cataclastic diorite, now chlorite and calcite.

133. North of Llandrygarn--Coarse mica diorite with sphene.
134. West of Penterfyn, Rhos Goch—Coarse mica diorite with apatite and

sphene.
136 Yyynys Coed, Coedana—Cataclastic gneiss with chlorite.

136. South-west of Plas Llanfihangel—(Epi ?) diorite.

137. East of Plas Llanfihangel—Comj)lex of minerals, including pyroxene and
rutile.

168. Gwalchmai—Spicular plagioclase in magnetite
139. South of Traeth Dulas—Somewhat cataclastic white granite.
140. South of Traeth Dulas—Quartz-felspar mosaic.
141. South of Traeth Dulas—Gneiss with confused orientation.

142. South of Traeth Dulas—Fine mica schist, quincuncial orientation.
143. Newborough Warren, Bryn Gorsddu—Fragments with mica infilling.

144. South of Hafodty—Fine mica schist with elemental orientation.

146.

Hafodty, south of Llangafio—Laminated rock, epidote, surrounded by
chlorite.

146. Bodowyr^ Talley of River Braint—Fine mica schist with elemental orienta-

tion, veirmiculite.

147. South of Bodlew, River Braint (E.)—Fine felted mica (fig. 1 1).

148. South of Bodlew, River Braint (W.)—Mosaic rock with microspectral crape
structure (fig. 16).

149. Ty Mawr, south of'Llandaniel—Crape structure in quartz vein only.

160. Llangaffo Cutting—Coarse mica schist, straight linear mica (fig. 6).

161. Main line, south of Holland Arms—Cataclastic coarse mica-schist, speckled
felspar (flg,«l).

152. Quartzose lump, Berw Ycha-—Coarse mica schist with linear orientation, and
fragments.

163. Farm, south of Holland Arms —Coarse mica schist.

1888. EE*
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1 64: South of Plas Berw—Gneiss with laminar orientation^
166.

Tros-y-gors, near Menai Bridge—Elemental orientation (fig. 7).

166. North of Union Inn, Holyhead Road—Coarse mica schist with linear

orientation and garnets.

167. Cefn Du, Gaerwen—Microspectral and crape structure (fig. 14).

168. East of Gaerwen Windmill—Coarse microspectral mica schist.

169. Y-graig, Gaerwen—Gneiss microspectrally polarised at edges of elements.

160. North end of ‘ gneiss,’ Holland Arms—Microspectral, vermiculite.

161. Gors Llwyd, near Llaniestyn—Microspectrally polairised at edges of frag-

ments.
162. Minffordd Waste—Fragmentary with chloritic base.

163. Over Tyn-y-Mynydd, Mynydd Llwyddiart—Laminated schist.

164. South of Ncwborough—Variolitic hornblende epidote schist.

166. Side of River Braint, Bi^u Gwyn—Slate-like mylonised hornblende epidote
schist (fig. 24).

166. Intrusive, in LlangaflEo Cutting—Fine-grained hornblende epidote rock.*

167. Tyn-drain, River Braint—Glaucophane and epidote.

168. Anglesey Monument (longitudinal)—Felted glaucophane and epidote schist.

169. Anglesey Monument (transverse)—Felted glaucophane and epidote schist.

170. Camen Goch, near Llanfair—Mylonised glaucophane epidote schist.

171. Road to Castellor (S.)—Glaucophane and epidote schist with tourmaline.

172. Road to Castellor (N.)—Variolitic glaucophane epidote schist.

173. Gaerwen Windmill—Squeezed hornblende and epidote in bands.

174. Behind Gaerwen Windmill—Orientated fine-grained hornblende and
epidote.

176.

North of Holland Arms—(Epi ?) diorite with sphene.
176. North of Holland Arms—Contorted hornblende epidote schist.

177. South of Y-graig—Fine-grained hornblende and epidote schist with rutiles.

178. North end of wood, Y-graig—Decomposed epidote and hornblende in bands.
179. North of Y-graig—Cataclastic diorite.

180. Ysgubor Llwyd, Gaerwen—Coarse (epi ?) diorite.

181. North of Holland Arms—Abundant hornblende with epidote and sphene.
182. North end of * gneiss,’ Holland Arms—Mylonitic diorite.

183- Llangefni to Beaumaris—Cataclastic diorite.

184. South of Pentreath—Powdered diorite.

186.

West of Tyn Lon—Cracked fine-grained hornblende and epidote.

186. Summit of Mynydd Llwyddiart—Cracked fine-grained hornblende and
epidote.

187. Cadnant Vale, Menai Bridge—Fine-grained rock.

188. Ty Gwyn, Menai Bridge—Fine-grained rock with fragments, microcline.

189. Bryn Minceg, North of Llande^an—Many fragments in chloritic ground-
mass.

190. North-east end of Malldraeth Marsh—Fine mylonitic slate.

191. South of Beaumaris—Fine epidote dust rock. •

192. Garth Ferry to Beaumaris—Fine decomposed epidote in groundmass of
chlorite.

193. Pen-y-Parc, Beaumaris—Mylonitic grit (fig. 17).

194. North of Garth Fei^—Entirely cataclastic.

196.

Ty Garw, Beaumaris—Fine-grained rock.

196. Clawd-y-Parc, north of Llandegfan—Mylonitic crystalline fine-grained
rock.

197. Gallows Point, Beaumaris—Fragments in quartzose and calcitic mass.
198. Ll3m Bodgolched, north of Beaumaris—Fine-grained rock.

199. Tyddyn, north of Beaumaris—Fine-graiiled rock, full of xhp^lonitic lines.

200. Near Coedmawr, Llanfaes—Mylonised fine-grained rock i^ith fragments..

201. Penrhos, near Wugan—Medium-grained rock.
202. Bhyd Eilian—Coarse mosaic limestone.

203. Quartz knob, Pen-y-Parc, Beaumaris—Various rounded fragments, mostly
.
quartz, in pure quartz matrix.

204. Gwladys—Isolated rhombohedral calcite in dusty mati^.

.

206.

Intrusive, Gwladys—Pine mosaic of calcite and quartz.
206. Spheroidal rook, Gwladys—Spicular plagioclase.

207. Variolitic, Gwladys—Spicular with imperfect spherules and Tariole8(fig.22).
208. Gwladys -Fine-grained rock.
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209. Junction near Bwlch, Llanddona—Fine mica schist.

210. Llanflewin—Fine-grained rock with few fragments, and confuspd orienta-

211. Mynydd Mechell—Fine mica schist with quincuncial orientation.

212. Mynydd Mechell—Fine quincuncial orientation, parallel to bedding.

213. Llanrhwydrus to Oamlyn—Fine-grained chloritic rock with fragments.

214. Port Unal, Camlyn—Quartz elements with sericitic boundaries, zircon.
.

216.

Intrusive, Port Unal—Fine mosaic limestone with quartzose cracks.

216. West of Cemmaes—Fine and coarse mixed ;
tension areas.

217. Llanbadrig-r-Oolitic limestone (fig. 19).

218. Llanlliana--Fine mosaic limestone.
219. West, of iilanfechell—Fine-grained chloritic rock ^th fragments.

220. Bodewryd Turret—Fine abundant mica quincuncially orientated.

221. Llechog Ucha, west of Amlwch—Mylonised fine-grained rock with tension

areas.

222. Pengorphwyfsa, east of Amlwch—Fine-grained rock with fragments ;
tension

areas.

223. Llaneilian, east of Amlwch—Plagioclase well preserved.

224. Point .^Slianus, east of Amlwch—Plagioclase well preserved.

226. Dyke, east of Mynydd Mechell—Macrofelsite with epidote nests (fig. 20).

226, Dyke, east of Mynydd Mechell—Spherulitic microgranite.

227., Spheroidal boss, west of Almwch—Spicular macrofelsite with idiomorphic

epidote.

228. Hafod Oncn, south of Amlwch—Pseudo-spherulitic granophyr (fig. 21).

229. Almwch to Parys Mountain—Diabase with epidote and leucoxene.

230. Boss at Tygorphwyfsa—Microgranite.
231. Quartz mass, west of Bull Bay—Quartz elements with sericitic boundaries.

232. Quartz, knob, south-west of Parys Mountain—Pure quartz of polygonal

structure (fig. 18).

233. North side of Porth Lygan—Typical granite,

234. Porth Lygan district—Granular sericitic felsite.
^

,

236.

Porth Lygan—Non-quartzose, slightly foliated micaceous tuff.

236. Porth Lygan— Mylonised micaceous tuff.

237. Opposite island, Porth Lygan—Quartzo-felspathic micaceous tuff.

238. Abert3rwedog—Garnet, quartz, and diallage (?).

239. Abertywedog—Micaceous tuft' with altered garnets.

240. Abertywedog—Quartzose non-micaceous tuff.

241. Trwyn, near Abertywedog—Decomposed plagioclase, two pyroxenes and
sphene. (Paraboloid.)

242. Llanwenllw3ffo, south end—Quartzose micaceous tuff.

243. Rhos Manarch, inland—Dolerite.

244. Pen-yr-Allt, west of Porth Jjygan—Granite with altered garnets.

245. Ty Newydd, north of Nebo—Gneiss with brown mica.

246. Penrhynglas^Llanwenllwyfo—Micaceous tuff with garnet groundmass.

247. Nebo, south of Road—Felspathio micaceous tuft'.

248. In micaceous rock, Nebo—Calcite, plagioclase, and sphene.

249. Outer ridge, east of Parys Mountain—Mica-diorite with apatite, &c.

260. East of Paiys Mountain—Grey gneiss.

251. East of Parys Mountain—Brown-mica-diorite with sphene, apatite. See.

252. East of Parys Mountain—Plagioclastic rock with mica in cracks.

List of Figures.

1. No. 161. Showing speckled felspar in fragments (1, 2, 3, 4).

2. „ 81. Sutttral junctions of elements.

3. „ 5. Lamination and foliation comcident.
4. „ 32. Fine-grained mosaic rock with tension areas.

&.' „ 76. Quincuncial orientation.

6. „ 150. Lin^ orientation.

7. „ 166. Elemental orientation.

8. „ 69. Laminar orientation.

9. „ 66. False orientation by a series of cftacks, producing fracture cleavage.

10. ,, 20. Foliation oblique to bedding, and to cracks in a fine-grained rock.
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11. No. 117. Felted structure.

12. „ 1 . Foliation cleavage.

• 13. „ * 6. Spectral polarisation in a large quartz fragment which has been
broken, and forms an ‘ eye.’

14. „ 157. Microspectral polarisation.
^

i

15. „ 148. Crape structure.

16. „ 62. Strain slip cleavage in fine micaceous schist.

17. „ 193. Mylonitic lines.

18. „ 232. Polygonal structure in quartz rock.

19. „ 217. Multiple oolite.

20. „ 225. Macrofelsite. The crossed areas are epidote.

21. „ 228. Pseudospherulitic granophyr. '

22. „ 207. Variolitic. The circular spots, with borders, are the varioles.

23. „ 50. Talcose schist derived from gabbro. The dark patches are epidote,

the lightest talc.

24. „ 165. Slaty diorite. The dark spot j are epidofe, the lightly shaded horn-

blende or chlorite.

Report of the Committee^ consistinc/ of Mr. Thiselton-Dyer {Secre-

tary)^ Mr. Carruthers, Mr. Ball, Professor Oliver, and Mr.

Forbes, appointedfor thepurpose.of continuing the preparation

of a Report on our present knowledge of the Flora of China,

The further grant made by the Association has assisted*the Committee
in advancing rapidly with the work, the importance of which is generally

acknowledged by botanists. It is based, in the first instance, on the

manuscript collections made by Mr. Forbes, as the result of many
,

years’ work. These collections have been placed by him, with great

liberality, in the hands of the Committee. With these collections are

worked up the additional material derived from an examination of the

herbaria of Kew and the British Museum (including Dr. Hance’s exten-

sive Chinese herbarium acquired last year by the trustees of the latter

institution). The Committee pay the expense of drawing up the suc-

cessive portions of the report from these materials, and also the cost of

setting up in type and printing 100 copies of each part. These are dis-

tributed to everyone in China whose co-operation ther^^ is any likelihood

of enlisting in obtaining further collections which would throw light

upon its flora. The result has been to excite an amount of interest which
could hardly have been anticipated. The Committee have in particular

to express the obligations they are under to various members of the

Inland China Mission, of the Chinese Imperial Maritime Customs, and of

the British Diplomatic Service in China. The Committee have been
further aided by grants from the Government Grant Committee of the

Royal Society.

In order to make the result of their labours of permanent usefulness

to the scientific world, the Committee have allowed the Linnean Society

to print from the type, at its own expense, copies for distribution to its

fellows. The Council of the Society further pay th0 expense of two
plates for each part.

During the past year three more numbers have appeared, and the
grant made by the Association^about covers the expanse of setting these

up in type. This brings the Report down t^ the beginning of OomposUcBf
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and Mr. Hemsley has since made rapid progress with this order, the dis-

cussion of which will occupy about 100 pages.

Dr. A. Henry has presented further large collections to Kew, with a
view to their being used for the Report. These have yielded numerous
novelties—the most remarkable of which have been published in

Hooker’s ^

‘ leones Plantarum.’ One of the most important is a new
genus -(TmpeZ/a, Oliver), a peculiar aquatic type, which is the subject of

an elaborate memoit* by Dr. F. Oliver in ‘ The Annals of Botany.’

Another imjjortant collection has been received from the Rev. B.
Faber from the western province of Szechuen, and chiefly on Mount
Omei, which has an altitude of 11,000 feet. These contain an element of

Indian species, intermixed with others which are identical with those sent

by Dr. Henry from the neighbourhood of Hupeh. There are also many
new species; amongst them Nertera sinensis^ Hemsl., a new species of a
genus whose head-quarters are in the Southern Hemisphere. The ferns

contain twelve new species, besides an equal number of others not
previously known, from China. Scarcely any of the plants, however, are

the same as those from the mountainous regions of Yunnan. Other
small collections have also been received.

As an interesting sample of the flora of China, attention may be drawn
to the Gaprifoliaceoi^ published in the last part of the Index. There are

eleven genera, one of which is new, and seventy-seven species, of which
fifteen are new. Vihimmm. and Lonicera number respectively twenty-
seven and thirty-four species. This is by far the greatest concentration

of the order.

The Committee recortimend their reappointment, and that a further

sum of lOOZ. be placed at their disposal.

Second Report of the Committee^ consiatinij of Professor Foster,

Professor Bayley Balfour, Mr. Thiselton-Dyer, Dr. Trimen,

Professor Marshall Ward, Mr. Carruthers, Professor Hartog,
and Professor Bower (Secretary), appointed for the purpose of
taking steps for the establishment of a Botanical Station at

Peradeniya, Ceylon,

The Committee report that no part of the grant has as yet been ex-

pended. Though several botanists have expressed themselves as desirous

of going to Peradeniya, in the end no one was able technically to accept

the situation during last year. The Committee now learn that Mr.

Potter, of St. Peter’s College, Cambridge, has decided to go out during

the ensuing winter. The grant of 50Z. has accordingly been drawn, and
the Secietary is in communication with Dr. Trimen, Director of the

Royal Gardens, Peradeniya, as to the apparatus which should be pur-

chased with that sum.
The Committee, in presenting this aS' an interim report, request that

they may be re^-ppointed for the ensuing year, but do not ask for any
further grant at present.



422 REPOKT

—

1888 .

Eighth Report of the Committee^ consisting of Mr. R. Etheridge,

Mr. Thomas Gray, and Professor John Milne {Secretary)^

appointed for the purpose of investigating the Earthquake and
Volcanic Phenomena of Japan. {Drawn up by the Secretary.^

Earthquakes in 1886.

In my fourth report to the British Association (1884) I gave the results

obtained from the observation of 387 earthquakes which had occurred

between October 1881 and October 1883 in North Japan. The valuable

nature of these results led the Meteorological Department of this cotintry

to establish post-card stations throughout the empire, with the. object

of making similar but more extended observations. An epitome of the

results obtained during 1885 was given in my sixth report to the British
.

Association, and through the kindness of Mr. Aria Ikunosakc, the Director

of the Meteorological Department, I am now enabled to give a summary
of the observations made in 1886. Here and there these are supple-

mented with my own remarks.
(a) Frequency of Earthquakes .—During 1886 the number of earth-

quakes recorded in Japan was 472, which is equivalent to an average of

13 per day. In 1885 there were 482. The greatest number of shakings

felt in any one province was in Shimotsake, 30 or 40 miles north of

Tokio, where sixty-one shakings were recorded. Some of the provinces

on the western side of the empire do not appear to have felt any
shakings.

(5) Distribution of Seismic Speaking generally, the eastern

part of” Japan was greatly shaken, while to the west of the mountains,

forming the backbone of the country, disturbances were rare. The
general distribution of seismic energy therefore remains as it has been in

previous years. If, however, we make a detailed examination of this

distribution, a few exceptions to the observations of 1885 may be dis-

covered, one of which was the great increase in the earthquakes felt in

Shinano, an inland province 60 miles east of Tokio, and the other in the

province of Echigo, about 100 miles north of Tokio. In Shinano the

number of shocks increased from 9 to 19, while in Echigo they increased

from 3 to 31. In other provinces a decrease was observed.

It is extremely interesting to observe that Echigo and Shinano lie

along a N.N.W. line, which, so far as the strike ot i;ocks is concerned,

divides the main island of Japan into two halves. Along this line, and to

the north and east of it, there are many volcanoes, while to the west and
south there are practically none. The strongest shock tvas the Echigo-

Shinano shock of July 25, which cauj^ed ,considerable damage to build-

ings, walls, bridges, &c.

The districts most shaken were the east coast from Tokio northwards,

the north-east corner of Yezo, the southern extremity of the Kii peninsula,

and the southern part of Kinshin.

The positions of the origins of the shocks which have been Recorded
were approximately as follows :

—



ON THE VOLCANIC PHENOMENA OF JAPAN 423

\

Originatine Originating
beneath the sea beneath the Total
or on the coast land

Total number . . 228
•

244 472

iShocks shaking a large area 15 11 26
Shocks shaking a moderate area 50
Shocks shaking a small area 163 163 326

Total . 228 • 244 472

In many respects the relationship of earthquakes to volcanoes was the

same as in the previous years; as, for example, in Central Japan, where
there are many volcanoes and many earthquakes, the earthquakes have
not originated from the volcanoes. Again in the Kii peninsula, where
there are no volcanoes, earthquakes were frequent. In other districts

there are many volcanoes and comparatively few earthquakes.

(c) Distribution of JBJarthquakes in Time .—The number of earthquakes

which occurred in different months and seasons will be seen from the

following tablo

:

—
•

January . 38-1 July . . 36”)

February . . 39 ' Spring, 126. August . 46 1 Autumn, 123,

March . 49J September . . 41 J

April . . 381 ' October . 331

Mfy . . 68 > Summer, 126. November . . 22 [.Winter, 97.

June . . so] December . . 42J
Cold months, 223. Hot months, 249.

The distribution of earthquakes, according to the hours of the day,

during 1885 and 1886 is shown in the following table:

—

Time Jan. Feb. Mar.j Apr. May June July Aug. Sept. -Oct. Nov. Dec. Total

0 to 1 l.M. 0 4 2 3 2 6 4 3 0 1 4 4 33

1 to 2 99 2 3 0 2 6 3 0 4 6 2 36

2 to 3 ff 4 7 6 8 4 6 11 11 1 3 . *66

3 to 4 99 4 3 4 lEI 4 3 5 3 4 48

4 to 6 99 1 0 3 |n 4 • 1 2 3 1 1 27

5 to 6 99 2 7 2 0 4 4 6 3 0 40
6 to 7 99 4 2 3 1 .4 2 2 1 34

7 to 8 >9 3 X 3 6 3 1 1 3 5 33

8 to 9 99 4 5 4 2 4 3 8 nn 41

9 to 10 99
4 3 5 2 8 2’ 2 3 BB 39

10 to 11 99 6 0 2 4 0 2 1 1 2 2 2 3 26

11 to 12 2 3 3 4 6 4 4 2 4 3 3 6 44

0 to 1 P.M. 2 2 1 1 3 1 3 2 6 3 2 2 28

Ito 2 99 2 4 4 3 3 2 1 3 4 6 6 3 49

2 to 3 99 6 2 9 3 6
i

4 3 3 3 4 61

3 to 4 99 1 3 1 5 n 2
i

® 4 2 2 3 33

4 to 5 99
'2 2 6 2 6 3 , 2 1 1 2 29

6 to 6 99 8 3 2 3 6 2
! 0 2 .

0 1 29

6 to 7 99 2 3 3 . 4 3 3
1

3 6 4 2 4 39

7to 8 99 3 6 2 4 2 3 3 ! 4 2 5 3 3 39

8 to 9 99 1 2 3 4 6 2 4 i 4 4 5 , 8 B 60

9 to 10 2 2 4 1 6 3 2 4 6 3 5 B 43

10 to 11 99 .6 9 7 2 3 5 1 4 0 6 4 9 56

11 to 12 99 6 6 3 2 2 4 1 7 2 3 4 6 44

Total • 71 83 86 76 76 68 ' 76 86 74 69 82 956
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The mean number of earthquakes which occurred per hour is approxi*
mately 40. Galling the time frojn 6 p.m. to 6 a.m. night, and the remain-
ing hours out of the twenty-four, day, we find that 86 more earthquakes
were recorded during the night than during the day. The probablei

explanation of this observation is, that during the night persons are more
favourably situated for the observation of small disturbances than they
are during the day. During the day, when a person iS engaged in active^

work, especially if out of doors, it has often been observed that earth-
quakes are passed by unnoticed, while at night, if not sleeping too
soundly, the slightest tremor may be recorded.

Under the heading ‘ Seismic Survey of Tokio ’ reference is again made
to this subject.

(d) Area shaken hy Earthquakes in 1885 and 1886.—:Inasmuch as
there are many reasons for believing that the depth at which an earth-
quake originates is usually incomparable with the radius Of the area
shaken, the area shaken may be taken as a very fair estimate of the
intensity of any given disturbance. The following table gives the sum
of the areas shaken per month and the mean area per shock. The unit
is one square ri, or 5 9553 square miles.

TOTAL AREA .MEAN AREA PER SHOCK

1885 1886
1

Average 1885 1886
;
Average

sq. ri sq. ri sq. ri sq. ri sq. ri sq. ri

January 10,020 3,240 6,630 370 80 195

February 16,980 6,660 11,266 390 140 266

; March ....
j

7,820 4,810 6,066 200
1

100 160

1 April .... 4,760 12,480 8,616 130 330 230

!
May . . . . 10,380 15,380 12,880 200 260 230

' June . . . . 16,890 6,080 10,485 370 170 *i
' 270

;

July . . . . 9,170 10,490 9,830 290 290 290

j

August.... 6,060 10,820 8,440 210 230
j

220

1

September 4,670 9,500 12,036 320 230 1 276

1

October 21,340 3,860 12,600 620 120
i

320

' November 4,120 2,480 3,300 80 110 90

December 1,170 8,360 10,030 290 200
j

245

1

Total lll,77o 92,060 112,176
1

i

3,370 2,260
j

2,780

1

Average . 1 1,026 7,671 9,348
1

276 189 ! 232

The total area, 92,050 square ri, shaken in 1886 is 3^^ times the area
of the empire, which, exclusive of small islands and Loo Ghoo, is 24,352
square ri. There were only 66 earthquakes which exceeded the mean
value of 189 square ri.

From the following table we see that the greater intensity of 1886 was
due to the fact that in that year there were more Bbocks -of large exten-
sion than in 1886, when the majority of shocks (349) were local in their
character. It also gives the number of earthquakes of different intensities,
reckoned as areas shaken, felt during different months.
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More than 6,000 sq. rl .

More than 4,000 sq. ri .
•

More than 3,000 sq. ri
. j Jggg

More than 2,000 sq. ri
. | Jg|g

More than 1,000 sq. ri
. | }ggg

Sum for . . . 1886

Sum for .

Comparison of 1886 and

)

1886 . . . . ;

More them 760 sq. ri

More than 600 sq. ri

More than 300 sq. ri

More than 200 sq. ri

More than 100 sq. ri

+1 -2 1-8

1

-4

27 26 28 27
39 27 41 18

27
j

26 28 27

Sum for .

Sum for .

Comparison of 1886 and
1886 ....

Less than 100 sq. ri

Sum for . . . 1886 19 27 27
j

26 28 27 23 19 33 24 32 24 Sfoj 26*7

Sum for .

Comparison of 1886 and

)

1886 . . . . ;

Total . . . 1886 32 44

Total

Comparison of 1886 and
1886 • . . .

+9 +4

32 44

38 39

+6
1

-6

(e) Special Eafthqimhes .—On April 13, at 5.50 A.M., a strong earth-

quake, extending over 4,980 ri, was felt in the north part of the main
island. It com:^enced with a rambling, and the shaking lasted for three

minntes. It dbes not appear to have been felt in Yezo, from which the

shaken districts a^e only separated by straits, which at one point are only

10 miles in width. At Nemnro, at the north-eastern comer of Yezo, a
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slight shock was felt ; while, to the west of the centre of this island, the

Tarnmai yolcano bnrst into eruption. These two earthquakes and the

volcanic eruption all took place within at most a few minutes of each other.

On July 23, at 1 a.m., the provinces of Shinano and Echigo were
violently shaken by a disturbance extending over 2,990 square ri. This

is a district where in the previous year, although tb^ere are volcanoes in

the vicinity, there had not been any earthquakes. During the next five

hours this severe .shook was followed by 23 minor disturbances. Here
and there cliffs fell down, roads and bridges were damaged, houses upset

or tilted, stone walls thrown over, and much damage done to roofs,

furniture, and especially to the contents of stores. At the same time a
small shock was felt more thftn 100 miles to the south-east in the province

of Mino.
On August 10, at 9.30 p.m., a strong shock originated in the Bungo

Channel between the islands of Shikoha and Kiushiu, which extended a
considerable distance inland. It was succeeded by two or three other

disturbances. Shocks have often been noticed on the shores of the Bungo
Channel, but this one is remarkable as being the most severe which has

occurred in that locality for many years.

Earthquakes recorded in Tokio.-

The systematic observations of earthquakes by the Meteorological

Department in Tokio commenced in 1875. From that time up to 1885
Palmieri’s instruments were employed. From 1885 up to the present

time a Gray-Milne seismograph has been the standard instrument and
Paknieri’s instruments are no longer employed. Prom 1876 to 1882 the

observations were made in a district known as Avicho; since then, owing
to the removal of the Central Meteorological Station, the observations

have been made at Hon Mara, in the castle grounds in the centre of the city.

From 1876 to 1886 inclusive 658 earthquakes were recorded. The
following analyses of these disturbances are of interest, as they refer to a
particular seismic area, the earthquakes felt in which, for the most part,

probably come from one or two particular origins, whereas the earth-

quakes referred to in previous tables originated from a large number of

different centres distributed throughout the empire.
(a) Distribution according to Time .—The following table gives the

distribution of earthquakes according to months in different years :

—

Year Jan. Feb. Mar. Apr. May June July 'Aug.
1

Sept. Oct.
j

Nov. Dec. Total Average

1876 3 4 6 11 5 3 3 5 3 3 4 6 66 5

1877 4 5 6 6 8 6 6 4 1 8 6 9 71
1878 3 8 2 5 >. 4 4 1 2 4 6 4 60
1879 6 7 0 9 4 3 4 1 7' 6 9
1880 9 9 6 9 8 4 1 3 77
1881 13 8 8 8 3 3 2 3 8 66
1882 4 H 15 6 3 2 1

1

1 1 0 46
1883 6 11 3 3 6 3 1 ! 0 3 4 32
1884 5 2 8 2 9 1 4 2 8 8 16 68
1885 9 8 4 3 0 3 8 3 7 68 6
1886 3 2 8 4 2 8B 4- 2 8 64 4

Total 63 62 84 49 62 60 35
j

668 64'8

Average 6 5 8 6 6 5

... .

.

j

3 3 2 7 60 5
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Considering March, April, and May as Spring, and the following
three groups of three months respectively, Summer, Autumn, and Winter,
the distribution of shocks according to these seasons has been as follows :

—

Year Spring Summer Autumn Winter Average

22 11 10 13 14 •

19 19 15 18. 18

14 9 12 15 25
1879 23 11 14 22 17
1880 14 21 14 28 19
1881 20 9 8 29 16
1882 24 6 6 11 11

1888 12 6 4 10 8
1884 19 9 18 22 17
1885 15 9 21

1

23 17

1886 13 14 13
1

14 13

Average 18 11 12
, ;

19 15

The distribution of earthquakes in relation to the cold months and
warm months has been as follows :

—

Year Cold Warm Average

1876 26 30 28

1877 38 33 35
“ 1878 32 18 25

1879 49 21 35
1880 47 30 39

1881 43 23 33

1882 31 15 23

1883 17
1

15 16

1884 46
1

22 34

1885 44 24 34

1886 23 31 27

Average 36 24 30

The following table gives the distribution of 668 earthquakes accord-

ing to hours y—

Time Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

0 to 1 4 4 2 2 1 2 2 1 2 2 0 6 28

Ito 2 1 0 2 HI 3 2 1 0 2 1 4 2 18

2 to 3 1 5 3 mi 4 2 2 3 1 2 2 1 30

3 to 4 1 . 0 4 El 1 3 2 2 1 6 3 3 26

4 to 5 1 2 5 4. 1 0 2 3 0 1 2 3 24

5 to 6 2 2 2 4 2 1 0 3 3 3 2 6 30

6 to 7 3 2 4 0 2 , 1 0 0 0
[

1 5 18

7 to 8 3 2 2 3 3 0 I 0 2 0 i
3 !

, 0 4 22

8 to 9 0 1 0 2 4 4 0 0 2 2 1 1 17

9 to 10 4 4 4 1 5 4 1 2 0 3 4 6 38

10 to 11 5 1 1 0 2 3 2 2 2 3 3 2 26

11 to 12 1 3 1 1 2 1 0 0
i

0 0 3 16

Carried forward . 29
i

24 32 21 29 23 18 i3
i

26 22 42 293
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Tub Distribution op 658 Earthquakes

—

contimied.

Time Jan. Feb. Mar.
i

Apr. May
1

June July Aug. Sept. Oct. Nov. Dec. Total

Broughtforward . 29 24 32
*

21 29 23 14 18 13 26 22 42 293

Oto 1 2 1 2 1 4 6 3 0 2 0 4 4 29

1 to 2 3 4 4 3 1 2 2 1 2 6 2 2 32

•
,

2 to 3 2 4 4 1 0 1 2 3 0 0 0 3 20

3 to 4 3 5 3 3 4 2 3 0 2 0 6 0 31

4 to 6 3 1 9 3 0 3 2 3 2 1 2 3 32

6 to 6 2 3 2 2 8 2 1 1 1 1 1 2 26

6 to 7 3 2 5 2 2 6 0 2 0 3 1 2 27

7 to 8 4 3 4 2 0 0 0 2 0 3 2 3 23

8 to 9 3 4 4 • 3 2 0 3 3 3 8 6 8 47

9 to 10 3 2 4 4 5 1 2 2 1 3 3 32

10 to 11 3 4 5 3 2 2 1 2 1 3 0 6 32
11 to 12 3 5 6 1 5 3 2 1 1 2 3 2 34

Total .

1

! 63 ' 62 84
1

49 62 50 35 38
1

28 65 62 80 658

As the above records were obtained from instruments, any results they

may yiold are probably more trustworthy than those obtained from any
tables which have been previously published. The greatest number of

earthquakes have occurred between 8 and 9 p.m. and 9 and 10 a.m., while

the fewest have been recorded between 11 and 12 a.m. and 8 and 9 a.m.

Between 6 p.m. and 6 a.m. 351 earthquakes were recorded, while dur-

ing the day, that is from 6 a.m. to 6 p.m., 307 were noted.

The hours at which earthquakes have been mosl frequent in succes-

sive months are in nearly all cases quite different.

(5) Severe Earthquakes.—The following are the most severe earth-

quakes felt in Tokio in successive years :

—

Year I Month and Day
|

Time

11. M. s.

1
Range of M

1876 i Jan. 20 8 44 30 P.M. 21®

1877
i

July 22 4 49 17 P.M. 11°

1878 Feb. 23 6 3 45 A.M. 19° 20'

1879 Dec. 3 7 8 0 A.M. 18° 30'

1880 Feb. 22 0 50 19 A.M. 78°

1881 June 18 10 25 0 A.M. 8° 30'

1882 March 11 7 60 54 P.M. 11° 20'

1883 June 10 10 15 0 P.M. 18*^ 20'

1884 Oct. 16 4 21 64 A.M. 95° 10'

1885 March 20 1 1 13 P.M. 22°

1886 May 8 10 14 0 P.M. 2’8mm in .4 sec.

As Palmieri’s instrument is only graduated to 26®, two of the above
measurements were estimated. On October 15, 1884, a few walls were
cracked in Tokio, several brick chimneys fell, tiles were dislodged, a few
storehouses fell, and much furniture was damaged. On February 22, 1880,
there was similar damage in Tokio.

The following is an abstract of notes on these and other earthquakes,

which I drew* up for the consideration of a committee now sitting in

Tokio to consider the question of construction in ea>rthquake countries.

February 22, 1880.*—This earthquake created considerable destruc-

tion in Yokohama. At that place very many brick chimneys fell. At
many houses the tiles on the roof were shaken loose, while several were

*

* Trans. Sets. Soc, vol. i., part 2.
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completely unroofed, one of which was a strong brick building. The
main timbers in certain roofs were broken. Grave-stones were rotated.
Many windows were broken, and bodies like the tops of stone lanterns,
comer stones of chimneys, <feo., were projected.

In Tokio a few chimneys fell, tiles were dislodged from the eaves of
buildings, and portions of a few walls were cracked or shattered. In some
instances these latter fell.

In Yokohama the range of horizontal motion appears to have been
from 16 millimetres (f inch) to a maximum of 50 millimetres (3 inches).

Calculations of n^ximum velocity were mr.de, bat as the data on which
they were founded do not appear to have been satisfactory they are here
omitted.

,
^

In Tokio the amplitnde (range of motion) observed at Surugadai was
21 millimetres. Assuming the larger vibrations to have been performed
at the rate of one per second, this would indicate a maximum velocity of
60 millimetres per second, and a maximum acceleration of 360 millimetres

per second. With a period of two seconds, which is probably a more
correct assumption, the above quantities would respectively become 30
and 90 millimetres.

October 15; 1884,—One or two chimneys fell in Tokio, plaster fell

from ceilings, and several brick .walls were cracked. In Tokio, at Hitot-

subashi-soto the greatest horizontal motion observed was 43 millimetres

and the period i^o seconds. This indicates a maximum velocity of 68
millimetres and a maximum acceleration of 210 millimetres.

January 15, 1887.*—This disturbance originated about 35 miles to

the south-west of Tokio. Near to its origin it destroyed many hura (fire-

proof storehouses built of wood, with a clay covering and a heavy roof of

tiles), and opened fissures in the ground. In Yokohama, say ten miles

from the origin, it destroyed many chimneys and slightly shattered

several buildings. In Tokio a few brick walls were slightly cracked.

In Yokohama a horizontal motion of 35 millimetres was recorded.

In Tokio the following observations were made :

—

— Range of
motion in

milli-

metres

Period in

seconds

Maxi-
mum

velocity

1

Maxi-
mum

accelera-

tion

Vertical
motion

Period of

vertical

motion in

second

Hitotsubashi 21 2-6 26 66 1*8 0-9

Hongo .
7-2 2-2 12 36 1-3 10

Chirikioku . . 19-2 2-3 24 64 6-6 0-8

Hongo and the Ohirikioku (Imperial Meteorological Observatory) are

situated on moderately high ground, which is dry and hard. At Hitot-

subashi, which is low, the ground is damp and soft.

The above measurements of range of motion and period were made on
solid foundatiohs. The rahge of motion at the top of a building would
be greater while the period might be less. It seems from these observa^

tions that when there is an earth-movement of about 18 millimetres

(f inch) or over, it is likely that the period will be sufficiently short to

result in some form of destruction.

Earthquakes of this description. Professor Sekiya observes, occur in.

Japan about once a year, and near to Tokio every few years.

* Trans. Sets, Soo. vol. ix.
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(c) Direction of Motion in Earthquakes,—The following table shows
the principal direction of movement of earthquakes as recorded in

Tokio

Direction

1

Palmikri • 3'

S
tH .

<
C6

o

t

TotalAt Avicho At Ca»tle

1876 1877 1878 1879 1880 1881 1882 Total 1883 1884 ^885 Total 1886

N.-S. ^
- -..I.# 6 6 16 27 8 35

N.N.B.-8.S.W. — 3 3 16 20 1 1 43 — _ ..... 2 46
N.E.-S.W. — — — — B — • «... — 6 10 6 21 24

E.N.E.-W.S.W 8 15 3 10 B 3 12 52 • — — B ._ 2 64
E.-W. — — — B — — _ 8 26 B 40 14 64

E.S.E.-W.N.W 12 12 22 9 B 26 3 91 B9 5 96
S.E.-N.W. — — B _ B — 3 6 4 12 13 26

S.S.E.-N.N.W. — 4 B 11 24 7 — — — - 3 64
Uncertain 38 m 21 30

i

32 32 12 25 38 7Sl 4 291

Total . . 68 74 50 76 84 69 49 469 33 71 71 175 64 688

When Palmieri’s instrument was removed to the castle its orientation
was changed to N.S., E.W. The above table shows that the principal
direction of movement in Tokio is between E.-W. and S.E.-N.W., a
fact which is of considerable importance to builders.

(d) Earthquakes and Atmospheric Pressure.—^The following table shows
the number of earthquakes which occurred between 1878 and 1886,
during different months, with the barometer at different heights. The
barometric readings are in millimetres :

—

Barometer
in mm. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct.

i

Nov. Dec. Total

746
1 mm 2

746 B — • - BBB — — — — -
1

747 1 — — .... 2 BB ...... — 4
748 — — BB ...... .... - -

749 — — — 1 BBB — ..1.. 1 — 4
760 3 .• 2 — BBl .

—

1 — ^ .... ...... -- 7
761 1 — 1 — 3 ..... .

—

' -
-i 1

- 5
• 752 3 — 2 1 ..... ..... ..1^ 1 .7
763 — — — 1 — .... 1 6
764 2 — ' — 1 4, 1 1 1 1 17
766 2 3 J

j 1 6 1 1 2 6 25
766 — 4 1 1 2 1 2 1 2 1 19
767

1

3 1 1 — 2 3 4 6 2 2 7 30
768 — 6 2 — 4 2 5 1 2 3 8 28
769 2 4 3 2 6 4 1 6 _ 2 .6 3 ; 38
760 3 4 6 5 7 3 4 2 2 2 2 40
761 . 3 7 3 a 4 1 1 7 3 7 2 3 44
762 6 2 3 1

- o 2 1 1 1 6 2 6 5 37
768 6 6 8 6 5 1 — — 4 1 6 4 44

Carried forward 36 36 33 18 40 36 26 28 21 22 26 37 368
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Baethquakes between 1878 and 1886—continued.

Barometer
in mm.

Jan.
'

Feb. Mar. Apr. May June

Brt. forward. 36 36 33 18 40 36
764 2 3 6 — 1 2
766 2 2 6 3 6 —
766 3 2 4 2 1

767 2 9 2 1 —
768 1 1 4 3 — —
769 4 2 1 — ' —
770 4 4 4 1 1 —

.
771 2 _ 4 3 — —
772 — — 1 1 — —
773 — — — — — —
774 2 — — — — —
766 — 1 — — — —

—

Total . 66 53 72 33

,

1

49 38

Total

The ratio of the number of earthquakes which have occurred when
the barometer has been below the average pressure, to the number when
the barometer has been above ibhe average pressure, is as 56 : 44.

The number of earthquakes which have occurred in each month when
the atmospheric pressure has been above the average, and the number
which have occurred when it has been below the average, are given in

the following table ;

—

Total

23 16 43 17 28 17 '6 16 17 21 19

33 38 29 16 21 21 1 20 13 7 23 23

66 63 72 33 49 38 26 29. 24. 44 42

Aboveaverage
pressure .

Below average
pressure .

Total

The next table gives the number of earthquakes which have occurred

when the barometer has been rising, when it has been falling, and when
it was steady :

—

Dec. Total

Rising. . 21 19 19 12 16 9 9 16 6 19 12 14 170
Falling . 1# 20 24 12 11 7 6 1 6 13 13 26 163
Steady. . 20 14 29 9 23 22 11 13 13 12 17 26 208

Total

.

Earthquakes therefore appear to be most frequent when the barometer

has been steady, less when it has been rising, and least when it has been

falling.

(e) Barthquahes and Temperature .—The following table gives the

number of earthquakes felt between 1877 and 1886, when the thermo-

meter has shown different temperatures :

—

Jan. Feb. Mav June July Aug.

19 19 12 16 9 9 16

1# 20 24 12 11 7 6 1

20 14 29 9 23 22 11 13

66 '63 72 33 49
1

38 26 29
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Temperature Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

-C® — 1 — — — — — — — — HIH 1

0— o •

-4® 1 — — —I— _ — — HB V/

1

-3® 6 _ 1 — — — — — — 2 9
_2® 3 1 _ — — — — — — — — 1 5
-1® 5 2 4 — — — — — — — 1 2 M
0° 6 5 5 — — — — •

1 6 23

i

+1® 9 2 5 1 — — — — — — — 12 29
2® 3 8 6 — — — — — — — — 6 23
3° 5 5 6 1 — — — — — — — 9 26
4° 7 10 8 1 — —— — — — — 2 8 36
6® 1 Bi 1

• — — — 1 3 4 19
6® H 2 — — — — — 2 5 20
7® 5 8 2 — — — — — 1 4 6 29
8° 2 B 5 1 — — — — — 4 2 26
9® 3 B 2 — _ — — — 2 8 5 24
10® —

-

2 8 3 4 — — — 2 5 6 30
11® 2 — 2 — 2 — — — — 1 2 —

-

9 1

12° —

»

— 1 2 2 — — — — 6 .2 1

13® — — 2 2 5 — — — — 4 5 — 18
[

14® — 0 5 1 — — — — 4 3 15 1

15° . — 2 3 0 — — — — 8 2 — 21
16® 2 1 9 1 — — 3 0 — — 22
17® — — 1 9 6 — — 2 4 4 — 26

i

18® 3 2 2 1 1 2 5 — — 16 i

i
19® — _ — — 3 4 — 1 1 1 — —

j

20® . — _ 1 3 6 — — 1 1 — — 12

21® — 2 6 5 2 1 1 3
!

— ' 20
22® — — — 4 5 3 2 8 1 — — 23

23® — — 6 6 5 1 1
i

— 19

24® — — — 3 3 3 — 1 — — 10

25® — k — — 2 2 4 1 — — — 9

1

20® . — — 3 3 I — — — 7

27° — — — — 2 2 3 B — — — 8

28® ... — — — — 4 2 3 B — , — —
29® — — — — — I 2 2 2 — — — 7

30® — — — B 4 3 B — — — 7
31° — —^ -

• — B 2 1 BB — — 3
32°

i

--

1

1

— — BHHIHI
• 1 — 1

1

1 Total .

1

58 78 38 57 47
BIB

33 25 52 48 74 602

The average temperature in Tokio is 14° 0.

The following table shows the number of earthquakes which have
occurred during each month when the temperature has been above or

below the average temperature of the month :

—

Jan. Feb. Mar. Apr. May June July Aug. Sep.

miyjH
• Dec. Total

Above average
temperature

.

25 36 36 19 22 31 19 18 li 20 20 26 283
Below average
temperature

.

i 35 22 42 19 35 16 13 16 14 32 28 48 319

Total . 60
.

68 78 38 67 ' 47
i

32 33 25 62 48 74

The number of earthquakes which have been recorded when the
temperature has been below the average are to the number which have
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been recorded when the temperature has been above the average as

60:40.
The number of earthquakes which have occurred each month whon

the temperature has been rising, falling, or steady are given in the
following table

— Jan. Feb. Mar. Apr. Maj' June July Aug. Sep. Oct. Nov. Dec.

I^ising 24 19 24 10 21 19 6 10 6 18 16 34 205
Falling . 31 29 39 18 31 22 22 21 16 27 31 36 321
Steady 6 10 16

A . .

10 6 6 4 2 6 7 2 5 76

Total . 68 78 38 26 74 602

Earthquakes have therefore been more numerous when the tempera-
ture is falling. To connect these observations with those relating to
barometric pressure, it may be well to remember that generally a low
temperature accompanies a high barometric pressure, and a high tem-
perature a low barometric pressure.

These latter results respecting earthquakes and fluctuations of
atmospheric pressure and temperature are similar to results obtained by
the analyses of more meagre data which the Meteorological Department
very kindly placed at my disposal some years ago. As I did not consider
that the results were of sufficient importance for publication, until now
no special reference has been made to them. The belief that there is an
immediate connection between earthquakes and atmospheric conditions
is, however, very general, and it is for the purpose of showing how little

foundation there is for such a belief that I have been led to incorporate
the preyious analyses in the present report. The facts which have been
recorded may also be of value to investigators who wish to carry out
analyses on other lines.

Earth-tremoks.

In the report to the British Association for 1887 I gave an account
of observations made with an automatic tromometer of tremors which
had been observed between January 13, 1885, andMay 14, 1886. Details
of these observations may be found in ‘ Trans. Seis. Soc,* vol. xi. p. 1-78.
The records referred to in the present note were obtained between
December 22, 1886, and February 1888.

Results of Analysis.—From a general inspection of the tri-daily
weather maps, it is quite clear that when little or no wind is indi-

cated, or when the isobars are few, no tremors have been recorded

;

while, on the contrary, when the wind is strong at many stations
in Central Japan, and when the isobars occur in close proximity,
tremors are almost always recorded. On the Japanese- maps the
isobars are drawn at intervals of five millimetres of pressure. On the
Italian maps, when the intervals are only one millimetre, the relationship

between tremors and the, frequency of isobars, which, when they are
numerous, indicates a steep gradient, is even more marked than it appears
to be in Japan. On the Italian maps, which are published under the
direction of Pi^fe^sor M. S. de Rossi, the state of the wind is not
indicated, but it may be inferred that when the gradients over the
Italian peninsula are steep, wind is blowing somewhere in the peninsula,

1888. F p
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and therefore in Italy as in Japan tremors are accompanied by wind,
although the wind may not be blowing at some particular place where
the tremors are observed. Certainly tremors often occur with a low
barometer, but the greater frequency of tremors apparently happens
wheilHhe gradient is steep, no matter whether the barometer is high or
whether it is low, and cases may therefore be observed of low barometer
unaccompanied by tremors. Observations like these have inclined me to

the opinion that tremors are jnore closely connected with wind than with
barometric pressure. An examination of the observations which have
been made shows :

—

1. That there are 80 cases of well-pronounced tremorshaving occurred
with strong winds blowing in Central Japan. In several instances tremors
were observed in Tokio some hours ahead of the wind, which was blow-
ing heavily to the S.W., and travelling up the country towards Tokio.
By Central Japan is meant all the country within 200 or 300 miles pf
Tokio.

2. There have been 40 cases of strong wind and no tremors. In 34
of these cases the wind has been local or of short duration

;
that is to

say, it was only observed in Tokio, or it was only observed at one of the
tri-daily observations. In 'the remaining^ six cases, if tremors are the
result of wind they ought to have been observed.

3. With no wind and no tremors there are 79 cases.

4. With no wind and small tremors there are 63 cases. In 39 of these

cases the record on one band of paper showed no tremors, and therefore

these 39 cases might have been classified in the preceding group. On
the other band tremors were barely visible. In 8 of the remaining
26 cases the tremors observed were immediately in advance of a heavy
wind, or were tremors continuing after a heavy wind had passed, /it which
time tremors had been well pronounced. There are therefore only 18
cases (26-8) where tremors can be said to have occurred where there was
no wind, and these tremors were slight. The above results may be tabu-
lated as follows :

—

\

No. of cases.

1. Strong wind and well-pronounced tremora 80
2. Strong wind and no tremors, 40 cases which may be subdivided

into:

(a) Cases where tremors ought to have occurred '

. . . 6
(J) Cases where the wind was local or of short duration, and it is

doubtful whether tremors should have been recorded . .34
3. With no wind and no tremors , 79
4. With no wind and slight tremors, 63 cases, which may be sub-

divided into

:

(a) Cases where tremors were so small that they were only
recorded on one band of paper, 39 -i- a possible 16 «« . . .66

(V) Cases which may have been due to wind .... 8

Total 262

The conclusion then isy that out of 86 cases of strong wind there are only

six eases where tremors were not observedy while when there was no wind thero

were no tremorSy or, at mosty tremors so slight that they were barely recorded.

These results agree with the results obtained in prdvious^ears.
For three months an automatic spark .record was kept of tremors

which might be due to vertical motion, but as
. these only occurred when,

tremors were recorded by the ordinary tromometer, and were extremoly
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small, the observations were discontiniied. The instrument employed
was a horizontal lever spring seismograph with an index having a multi-

plication of about 100.

In addition to the above-mentioned work large numbers of other
investigations have been made. Amongst these may be mentioned a crude
attempt to carry out ^ seismic survey of Tokio, which, so far as it has
gone, shows remarkable differences as to the intensity of earthquake
movement and the number of earthquakes felt in different parts of the

city. The observations which have been made are extremely numerous
;

and as their analysis will occupy considerable time it is not yet possible to

report upon them. Another report which must also be reserved is the

work undertaken by a committee summoned by the Government to con-
sider questions relating to construction in earthquake countries. At my
suggestion a number of experiments are being made relating to the move-
ment experienced at the time of an earthquake on different kinds of

ground, the efficacy of different kinds of foundations, the experimental
determination of constants for the stability of masonry and brickwork to

suddenly applied horizontal stresses, <feo.

Catalogue of Earfliqualtcst recorded at the Meteorological Ohsermtoryy ToJdOy between
June 1887 and June 1888 by the Gray-Milne Seismograph.

No. Month Day Time Period
in secs.

Ampli-
tude in

mm.

1887 .

II. M. S.

740 VI. 17 1 41 41A.M. very slight

741 20 8 16 67 A.M. 1*8 0-6

742 21 2 2 35 P.M. sli ght
743 22 7 42 39 a.m. very slight

744 30 8 0 35 a.m. very slight

745 VII. 1 2 41 49 P.M. very slight

746 99 2 3 12 26 P.M. 0-8 0*5

vertical motion = very slight

747 19 11 3 7 42 P.M. very slight

748 99 99 10 17 17 P.M. very slight

749 99 22. 8 27 0 P.M. 0-9 1-7

750 99 27 6 14 29 P.M. very slight

751 VIII. 6 6 47 42 P.M. very slight

762 99 16 » 0 59 15 A.M. 1-6 1-1

763 IX. 2 6 62 49 P.M. 0-7 0'4

vertical motion = very slight

754 99 3 4 50 30 a.m. very slight

755 99 6 3 23 23 P.M. 2*3 25-7

vertical motion > 0-8 6*6

766 99 6 8 12 60 a.m. — 0*4

767 99 8 3 65 30 P.M. very slight

768 ‘

99 11 6 20 0a.m. very slight

759 99 13 8 16 62 P.M. 1-2 0-2

760 99 16 4 41 41 P.M. 0-3 0-2

761 99 25 8 56 11 A.M. 1-8 10
' vertical motion

'

sli ght
762 XL 16 ' 3 64 61 P.M. 2-4 0*6

763 99 20 0 2 31 P.M. 0-5 0-2

764 99 99 abt. 9 46 0 P.M. very slight

766 99 23 abt. 6 6 0 P.M. very slight

766 99 30 9 24 18 A.M. 1-2 1*3

767 XII. 6 0 67 16 P.M. very slight

Direction Duration

S. 26° W.
E.-W.

S. 22° E.

S.S.W.-.N.N.E.

E.S.E.-W.N.W.
E-W.

S.E.-N.W

E. 26° S.

E.-W.
E. 38° N.
B. W.

E.S.E.-W.N.W.

E. 26° 30' S.

N. 17° E.

S.S.B.-N.N.W.

M. S.

1 30
0 10

1 30

3 34
1 30

3 0
0 10

6 0

0 40

0 26
0 12
0 3
2 0

2 0
0 46

1 30
0 16

F F 2
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Catalogue of Eabthquakes

—

continued,

No. Month Day Time

768 XII. H
H. M. 8.

8 2 0 P.M.

769 19 IH 9 55 47 P.M.
\

770 91 19 11 55 12 A.M.

771 9> 99 10 55 9 P.M.

772 99
16 8 28 21 A.M.

773 99 17

vertical motion =
0 17 •8 A.M.

774 99 99
6 17 22 a.m.

775 99 99 11 41 14 P.M.

776 99 19 6 D 20 P.M.

777 99 21 2 5 65 P.M.

778 99 24 4 9 41 A.M.

779 99 99 7 51 38 a.m.

780 99 31 1 24 45 A.M.

781 I. 1

]

3 31 38 P.M.

782 99 11 8 50 36 A.M.

783 99 14 5 31 55 P.M.

784 99 27
vertical motion =

10 6 33 P.M.

785 II. 2 1 11 15 P.M.

786 99 99

vertical motion
2 23 46 P.M.

787 99 99
3 0 14 P.M.

788 99 99 3 41 27 P.M.

789 99 5 0 50 56 A.M.

790 99 10 3 26 55 P.M.

791 99 99 6 38 7 P.M.

792 99 11 3 38 56 P.M.

793 99 13 11 33 44 a.m.

794 99 15 3 43 38 P.M.

795 * 99 17 0 16 17 P.M.

796 99 18 6 13 45 P.M.

797 99 22 10 24 43 A.M.

798 99 23 11 10 50 P.M.

799 99 24 2 7 6 A.M.

800 in. 1 3 30 15 P.M.

801 99 99 9 54 12 P.M.

802 99 9 4 54 16 A.M.

803 99 99 10 17 1 P.M.

804 99 16 5 58 2 a.m.

805 99 »»
6 43 32 a.m.

806 99 17 7 56 36 P.M.

807 IV. 1 6 17 8 A.M.

808 99 6 2 .30 29 P.M.

809
f

99 8

vertical motion
2 22 32 P.M.

810 16 11 6 43 P.M.

811
99

1

99 27 8 34 34 a.m.

i

812 99 29 10 0 33 a.m.

1

! 813 99 30
vertical motion *

5 44 38 A.M.

;

814 V. 6 8 52 24 P.M.

i

815 99 8 4 7 56 A.M.

Period
in secs.

Ampli-
tude in

mm.
Direction Duration

0*5 S.W.-N.B. ‘

M. s.

0 50

very slight

S.-N.

—
2-3 2 12

20 S.S.E.-N.N.W. 2 30
1*5 2-5 W.N.W-E.S.E.

1

2 0

04 —
1

—
sli ght

\

1

very slight —
0-6 B.-W.
very slight —
very slight —
very slight —
20 0*2 S.W.-N.E. jabt.l 0

very slight

,888.

very slight !

1-8 0*4 E.S.E.-W.N.W. 1 0
sli' ght E.-W. 0 15

very
very

slight

slight S.-N. abt.OlO

1

3-7 13-0 W.N.W.-B.S.E. 3 48
0-5 — —

j

1-4 0-7 E.-W. 1 49

i
very slight — —
2*4 3-8 W.S.W.-E.N.E. 4 5

21 1-6 8.W.-N.E. abt.l 0

very slight N.B.-S.W. 0 10

very slight E.-W. 0 12

very slight — *—

sli ght S.-N. 0 25

very- slight E.-W. 0 30

very slight B.-W. 0 60

very slight E.-W. 0 16

3-2 0-7 ! B.jAV. ^ 1 30

very slight S.-N. 0 10

very .slight »B.-.W. —
sli ght W.S.W.-E.N.E. 1 15

sli ght . S.-N. 0 30

0-2 0-4 N.N.W.-S.S.B. 0 25

very slight
0 300-8 0-2 S.E-.N.W.

0-8 0-4 S.B.-N.W. 2 50

very slight — —
very slight —

-

—

—

1*2 S.E.^N.W. 2 0
0-3 0-5 —
very slight — —
very slight •— —

.

1-5 0*2 S.W.^N.B. 2 O'

6*6 S.B.^N.W. 8 0
1*5 —

very slight —
very slight —
very slight .

—

^
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No. Month Day Time Period
in secs.

Ampli-
tude in

mm.
Direction Duration

816 V. 8
H. M. S.

4 61 41 A.M. sli ght
M. 8.

817 10 10 12 0 a.m. very slight —
818 9f 13 4 51 52 a.m. 0-5 0‘2 N.W.-S.E. abt.OlO
819 99 11 17 41 P.M. very slight — —
820 22 6 9 20 P.M. 2-6 1*6 B.S E.-W.N.W. 4 30

821 99 24
vortical motion =

9 35 37 A.M.

0-7

sli

0-2

ght E.-W. 1 0
822 99 99 11 45 6 A.M. very slight — —
823 99

•26 6 17 14 P.M. very slight
1

—
824 99 27 7 6 9 P.M. very ,‘.light —
826 VI. 3 7 63 8 A.M. 1-3 j-6 W N.W.-E.S.E. 3 0

Report of the Committee^ consisting of Mr. Thiselton-Dyer {Secre-

tary\ Professor Newton, Professor Flower, Mr. Carruthers,

and Mr. Sclater, appointed for the purpose of reporting on
the present state of our knowledge of the Zoology and Botany

of the West India Islands, and talcing steps to investigate

ascertained deficiencies in the Fauna and Flora,

The Committee appointed by the Association held its first meeting on
January 4, 1888. At this meeting it was decided to co-operate with the

Committee appointed for a similar purpose by the Government Grant
Committee of the Royal Society. Dr. Gunther and Dr. Sharp, the only

members of the latter Committee who were not already members of the

Association Committee, were therefore added to it, and it was decided to

further invite the adhesion of Lieut.-Colonel Feilden, of the Army Pay
Department, and of Mr. D. Morris, Assistant-Director of the Royal
Gardens, Kew. ^

Lient.-Colonel Feilden ’s oflBcial duties will keep him for the next

few years in the British West Indies, and for the present he will act as

local secretary, in Barbados, while Dr. H. A. Alford Nicholls, F.L.S.,

C.M.Z.S., has kindly agreed to assist in the same capacity in Dom;nica.

In order to commence their investigations without delay the Committee
have secured the services pf Mr. George A. Ramage, who was lately

associated with Mr. Ridley in his expedition to the Island of Fernando

Noronha, and has since been collecting at Pernambuco. Mr. Ramage
arrived in Dominica in March last, and has proceeded, to his work with

great zeal. In May, after passing five weeks at Laudat, on the right bank
of the Roseau River, about 2,000 feet above the sea-level, he moved to

St. Aroment, an estate belonging to Dr. Nicholls just above Roseau, which

he found to be a better locality for getting his plants dried. At Laudat

he met with great difficulty in this matter on account of the extreme

wetness of the climate. Writing in May last, Mr. Ramage speaks of

having got, besides his plants, ‘a good lot of ipsects, lizs^rds, small snakes,

and land molluscs.* Besides these he had also obtained throe examples

of Peripatus,
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Two cases of zoological specimens and one case of botanical specimens
have been already received from Mr. Ramage, and one case of living

snakes and lizards has been forwarded direct to the gardens of the
Zoological Society. A further case of botanical specimens and two cases
of animals are now in transit. The collections received are now under
examination. They have too recently come to hand to allow of any
results being included in the present report.

After spending the summer season in Dominica, Mr. Ramage is pro-
ceeding to St. Lucia, whence he will return to Dominica to complete his
collections at a later period.

Considerable interest is being shown in the work of the Committee by
Government officers and residents in the islands concerned, and hopes
are entertained that collections will bo made by private enterprise to
supplement those made by the collectors engaged by the Committee.

A circular setting forth the objects sought by the Committee has been
prepared and printed, and to this have been added hints as regards the
special subjects requiring investigation and the best way of preserving
specimens for transit to this country.

In order to carry out their instructions to report upon the present
state of our knowledge of the zoology and botany of the Lesser Antilles,
a bibliography of the existing literature relating to the fauna and flora
has been prepared by a Sub-Committee consisting of Mr. Thiseltou Dyer
and Dr. Sharp. The Committee desire that this should be printed iih

extenso as an appendix to the present report.
The Committee recommend their reappointment with the addition of

those gentlemen who have co-operated with them in the work of the past
year. They further recommend that a grant of 250/. be placed at their
disposal.

APPENDIX.
X
Botanical and Zoological Bibliography of the Lesser Antilles, Carihhee

Islands, or Windward and Leeward Islands, West Indies (Tobago to

Porto~Bico inclusive).

BOTANY—By W. B. Hemslet. ZOOLOGY—By D. Sharp.

This bibliography includes all works and memoirs that the compilers
have been able to discover relative to the islands forming the object of
the list

; but it does, not include references to many systematic works
of a general character, in which species from the Lesser Antilles are
described or mentioned.

Where desirable the same work is named under both Botany and

'

Zoology.
Books relating to more than one island are first enumerated in

chronological order, and the islands follow, arranged alphabetically, any
special literature being cited under the island to which it refers. The
position, size, and elevation of each island are given, and for these
particulars we are almost wholly indebted to the Colonial Office List for
1887. Some interesting information has also been obtained from the
‘ Handbook and Catalogue of the West Indies and British Honduras for
the'Colonial and Indian Exhibition, 1886.’.
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Botany.*

Nominally all the British West Indian Islands are included in Grise-

bach’s ‘Flora of the British West Indian Islands,’ but that work was
mainly based on collections from Jamaica and Trinidad, and the vegeta-

tion of the Lesser Antilles is still very imperfectly known. So far a.s it

is known, however, it presents great sameness throughout, and the

number of endemic species in each island is either very small or there is

none. Moreover it is nob anticipated that future investigations will add
materially to the number of peculiar forms, and the principal feature

of interest in the flora is the direction in which its constituents have
extended.

Zoology.

The list does not include any comprehensive work on the zoology of

the Windward Islands, nor of any one of the islands separately. The
most complete list appears to be that of the birds by Cory : this group of

animals has received more attention than the others, but the work that

has been done at it is of a fragmentary nature, and some islands have
been little or not at all explored even for birds.

Very little has been published about the mammalia, reptilia, and
batrachia. In the case of mammals this might be attributed to there

being but few in the archipelago
;
but in the case of the reptilia and

batrachia, at any rate, it is more probably due to want of investigation, as

is shown by the fact that Garman’s recently (1887) published paper con-

sists, to a considerable extent, of descriptions of novelties.

The land Mollusca are known chiefly by lists published by naturalists

a generation or more ago of the species of the islands of the group
belonging to France ;

but less has been done in the other islands, and
investigation even in this comparatively rich and favourite class has

apparently been very unequal.

A most singular dearth of information exists as regards the Arthro-

poda, and in this—the most extensive departmentof zoology—nearly every-

thing remains to be done. Undoubtedly a considerable number of

insects and other arthropods from the Lesser Antilles exist in collec-

tions, but they are rare and indicate that very little has been done in

collecting ;
while insular lists are almost entirely wanting, and there is no

Iinformation as to the distribution of the species in the various islands.

The bibliography includes a considerable number of memoirs on
marine zoology, but it is not necessary to remark on these, as it is pre-

sumed that the exploration of marine zoology will be considered by the
Committee as subordinate in present importance to that of the terrestrial

fauna.

The abbreviations of titles of several works are those used in the
‘ Zoological Bocord.’

Books and Papers referring to the West Indies generally or to more than

one island
f
chronologically arranged.

, Botany. •

Oviedo, 0. E. de. Primera parte de la historia natural y general de
las Indias, yslas y tierra firma. Sevilla, 1535. Folio with rude woodcuts
‘ Ad rem herbariam pertinent libri vii., viii., ix., x.’ Pritzel.
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Rochefort, C. de. Histoire Natarelle et Morale des lies Antilles

d’Am^rique. Rotterdam, 1658. 4to.
^

Tertre, J, B. du. Histoire Gen4rale des Antilles habitees par les

Fran^ais. Paris, 1667-71. 4 vols. 4to.

Penillle, L. Journal des Observations . . . botaniques faites . . .

dans les Indes Occidentales depuis 1707—12. Paris, 1714. 3 v61s. 4to

Voyage aux lies Antilles, iii. 162. Arrival at Martinique, iii. J73. St.

Thomas, p. 389. Guadeloupe, p. 421.

Labat, Pere. Nouveau Voyage aux lies de I’Amerique. Paris, 1724.

2 vols. 4to.

Burman, J. Plantarum Americanarum . . . Carol. Plumier detexit

Ins. Antil. depinxit. Amsterdam, 1755- 60. Folio, with 262 plates.

Jacquin, N. J. Enumeratio Systematica Plantarum quas in insnlis

Caribseis . . . Lugduno Batav. 1760. 8vo.

Jacquin, N. J. Selectarum Stirpium Americanarum Historia. Vindo-
bonsB, 1763. Folio. 183 plates.

Edwards, B. The History, Civil and Commercial, of the British

Colonies in the West Indies. 1793-1801. 3 vols. 4to. Botany, i. pp.
198-211, and an appendix, * Hortus Eastensis,* by Arthur Broughton.

Euphrasen, B. A* Beskrifning ofver Svenska vestindiska on St.

Bartheleroy, samt oarne St. Eustache och St. Christopher. Stockholm,
1795.

Euphrasen, B. A. Reise nach den Westindischen Inseln St. Barthe*

lemy, St. Eustache, und St. Christoph. Gottingen, 1798. 8vo.

Swartz, 0. Flora Indies Occidentalis. Erlanges, 1797-1806. 3 vols.

8vo.

Tussac, F. R. de. Flora Antillarum . . . Paris, 1808-27. 4 vols.,

folio, containing 138 coloured plates.

Bescourtilz, M. Flore Medicale des Antilles. Paris, 1821-29. 8 vols.

8VO. 600 (very inferior) coloured plates.

Furdie, W. Journal of a Botanical Mission to the West Indies.

‘Hooker’s London Journal of Botany,’ iii. 1844, pp. 501-533
;
iv. pp. 14-27.

Also a reprint.

Grisebach, A. H. R. Flora of the British West Indian Islands.

London, 1859-64. 8vo.

Daniell, W. F. Cascarilla Plants of the West India and Bahama
Islands. ‘ Pharmaceutical Journal,’ 1863, pp. 144-150 and 226-281. Also

a reprint.

Grisebach, A. B[. R. Die Geographische Verbreituhg der Pflanzen

Westindiens. ‘ Gottingen Abhandlungen,’ xii. 1866. * GesammelteAbhand-
Inngen,’ pp. 222-285.

Roussel, E. Enumeration des Champignons r5colt5s par M. F.

Hnsnot aux Antilles Fran9aises. ‘ Bulletin de la Soci^te Linn4enne de
Normandie,’ 2*“® s6rie, iii. Also reprint.

Kylander, M. W. Enumeration des Lichens r4colt4s par M. Husnot
aux Antilles Fran9aises. * Bulletin de la Society Linn5enne de Normandie,’

2me ii. 1869. Also reprint.
,

»

Husnot, F. Catalogue des Cryptogames recueillis aux Antilles

Fran9aises en 1868. ‘Bulletin de la Society Linudenne de Normandie,’

1870. (Ferns and Lycopods, 60 pages.)

Husnot, F.^ and Constance, A. Enumeration des Glumaceea recoltees

aux Antilles Pran9aise8 . Caen, 1871. 8vo. pp. 35.

Cfrisebach, A. H. R. Vegetation der-tirde. Leipzig, 1872. 2 vols.
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8vo. Westindien, ii. pp. 338-357 and 600-604. (The second edition,

1884, is soJ^tantiallj a reprint without additional data.)

TcMhatohef, P. de. La Vegetation dn. Globe . . . par A. H. K.
Grisebacb, ouvrage tradnit de Tallemand ayec des annotations dn tra-

dnctenr. Paris, 1875-78. 2 vols. 8vo. Indes Oocidentales. ii. pp. 600-530.
Bescberelle, E. Flomle Bryologiqne des Antilles Fran9aises. * Annales

des Sciences Naturelles.* 6“® serie, iii. (1876), pp. 175-265.

Bernard, A. C. J. Vergleichnng der Floren des Westindiscben und
Ostindischen Arcbipels. Halle, ] 877. 8vo. pp. 90.

Cleve, P. T. Diatoms from the West Indian Archipelago. Stockholm,
1878. ‘ Bihang till K., Svenska Vet. Akad. Handlingar,* Band V.

Eggers, H. F. A. jN'atnren paa de dansk-vestindiske Oer. * Tidsskr,

popul. Fremst. Natnrvid.* 1878. With map and woodcuts.

Berkeley, T. B. H. The Leeward Islands : their past and present

condition. * Proceedings of the Royal Colonial Institute,* xii. 1880-81,

pp. 9-50.

Johow, Fr. Die chlorophyllfreien Humusbewohner Westindiens.
* Pringsheims Jahrbiicher,* xvi. (1885), pp. 415-449, tt. 16-18.

Benko, J. F. von. Reise S. M. Schiffe’s ‘ Zringi * iiber Malta, Tan-
ger und Tenerilfa nach Westindien in den Jahren ]885 und 1886. Pola,

1887, pp. 7 and 274.

Pp. 40-126 are devoted to the islands of the Lesser Antilles, but the

information given is chiefly geographical and economical, the remarks on
zoology being almost nil.

Handbook and Catalogue of the West Indies and British Honduras.
Colonial and Indian Exhibition, 1886.

Colonial Office List, 1887.

B[emsley, W. B. Biologia Centrali-Americana (Salvin and Godman).
Botany, vol. iv. (1887). Appendix, pp. 168-315. Distribution.

Zoology.

Tertre, J. B. du, Histoire g^neralo des lies de S. Christophe, de
.
la

Guadeloupe, de la Martinique et autres dans FAmerique , . . de plus la

description de tons les animaux de la Mer, de VAir et de la Terre . . . <&c.

Paris, 1654, pp. 481.

The * quatrieme partie,* divided into three chapters, is devoted to

zoology.

B.OOhefort, C. de. Histoire Haturelle et Morale des iles Antilles de
1*Amerique, enrichie d’un grand nombre de belles Figures en taille douce,

qui representent au nature! les Places et les Raretez les plus considerables

qui y sont deorites. Rotterdam, 1681. Derniere edition.

Gives much information as to the zoology of different islands of the

Lesser Antilles. The first edition, published 1658, 1 have not seen.

Sloane, H. A voyage to the islands Madeira, Barbados, Nieves, St.

Christopher's, and Jamaica, with the Natural history of the Herbs and
Trees, Four-footed Beasts, Bashes, Birds, Insects, &c., of the last of those

islands. 2 vols. London, 1707.

The information in this work about the zoology of the Lesser Antilles

is almost nil,
*

Labat, F. Nouveau Voyage aux Iles d’Am5rique, nontenant Thistoire

naturelle de ces pays, UOrigine, les Mceurs, la Religion et le Gouverne-
znent des Habitants anciens et moderues, &c., Ac. Paris, 1722. 10 vols.
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Contains chapters on the zoology of the French islands. An edition

in two vols. 4to was published at La Haye in 1724. (See also JBotant.)

West, H. Bidrag til beskrivelse over Ste Croix med en kort udsigt

over St. Thomas, St, Jan, Tortola, Spanishtown og Crabeneiland.

Copenhagen, 1793.

Includes a chapter on the reptiles, fishes, and crustaceans.

Ledrn, A. P. Voyage aux iles de Ten^rifle, La Trinite, Saint-

Thomas, Sainte-Croix et Porto-Ricco. . . . Paris, 1810. 2 vols.

Contains chapters on the natural history of the Danish islands and
Porto Rico, including lists of the animals found there.

Leblond, J. B. Voyage aux Antilles et a TAmerique meridionale,

commence en 1767 et fini en 1802. Paris, 1813, pp. 474.

Slight and unimportant observations on zoology.

Waterton, C. Wanderings in South America, the North-west of the

United States, and the Antilles. London, 1825.

Information about the Antilles is brief and unimportant.

Ferguson, W. On the Poisonous Fishes of the Caribbee Islands,
‘ Tr. R. Soc. Edinb.’ ix. (1823), pp. 65-79.

Devoted to the economical, not the zoological, aspect of the subject.

Guilding, L. Observations on the Zoology of the Caribbean Islands.
‘ Zool. Jouni.’ iii. (1828), pp. 403-408 and 527-544

;
op. cit. iv. (1829),

pp. 164-175.

Contents—* Radiata Caribbaeana,’ ‘ Mollusca Caribbaeana,* ‘ Notice of

the living Guana of the West Indies,* * Analecta zoologica,* * Notice of

the discovery of a recent Encrinus.*

Guilding, L. An account of Margarodes, a new genus of insects

found in the neighbourhood of Ants’ Nests. ‘ Tr. Linn. Soc.* xvi. (1883),

pp. 115-119. Plate XII.
Occurs in Antigua. Other papers by this author exist in the ‘ Tr. L.

Soc.’ xiv.—xvi., in which insects from the West Indies are described. St.

Vincent is in these cases the probable locality.

Hartlaub, G. Ueber den heutigen Zustand unserer Kenntnisse v6n
Westindiens Omithologie. ‘ Isis,’ 1847, pp. 603-615,

Recapitulates what was known as to the ornithology of the islands

(including Porto Rico, St. Thomas, Guadeloupe, Martinique, Barbados,
and Tobago) in 1847.

Buchassaing, F. Animaux radiaires des Antilles. Paris, 1850.

Pp. 35. Plate II.

Special localities are scarcely mentioned.
Buchassaiiig, F. Note sur les moeurs des Crustac^s des Antilles.

‘ Rev. et Mag. Zool.’ (2) iii. (1851), pp. 77-81.
11 species

:
probably relates to Guadeloupe, though it does not

say so.
^

Ffeiffer, L. Beitr^e zur Molluskenfauna Westindiens. ^ Mai. Blatt.’

ii. 1856, pp. 98-106.
Several new species from St. Croix and St. Thomas.
Shuttleworth, R. I. Description de nouvelles especes. Premiere

decade
; especes nouvelles pour la faune des Antilles. ‘ J, de Conch.* v.

(1856), pp. 168-175.
^

* .

Shells from Ghiadeloupe, St. Thoinas, Porto Rico.
^Beau, —. De I’utilite de certains Mollusques marins vivant sur les

c6(tes de la Guadeloupe et de la Martinique. *J. de Conch.* iii. (1858),
pjk. 25-40.
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Bland, T. Notes on certain terrestrial Molluscs which inhabit the
West Indies. ‘ Ann. Lyc. New York/ vi. (1868), pp. 147-165.

Relates to several of the islands of the Lesser Antilles.

SansSTire, H. de. Memoire sur divers Cmstaces nonYeanx des Antilles

et dn Mexique. ‘ Mem. Soc. Phys. GjBneYe,* xiv. (1858), pp. 417-496.
Plates i.-vi.

Several species from Guadeloupe and St. Thomas, besides others from
the larger islands.

Saussure, H. de. Memoires pour servir a I’histoire naturelle du
Mexique, des Antilles et des Etats-Unis. Tome premier : I**® livraison :

Cmstaces. Geneva, 1858. 2“® : Myriapodes. 1860. 3*"® et 4“® : Ortho-
pteres-Blattides. Geneva, 1864-6. Tome 2“® : Mantides Amdricains.

. Geneva, 1871.

These relate only in small part to the Lesser Antilles.

Sclater, P. L. Eeporiptions of two new species of American Parrots.
‘ Ann. N. H.’ (3), 4 (1869), pp. 224-226.

Includes list of the parrots of the Antilles, including Porto Rico, St.

Thomas, and St. Vincent.
Duchassaing, P., and Michelotti, J. Memoire sur les Corallaires des

Antilles. ‘Mem. Acc. Tor.’ (2), xix. (1861), pp. 279-366. Plates I.-X. with
supplement in vol. xxiii. 1866, pp. 97—206. Plates I.-XI.

Important memoirs, enumerating 400 species from St. Thomas,
Guadeloupe, St. Croix, Tobago, Barbados, and in fact most of the

islands.

Bland, T. On the geographical distribution of the Genera and Species

of Land Shells of the West India Islands, with a catalogue of the Species

of each island. ‘ Ann. Lyc. New York,’ vii. (1862), pp. 336-361.

The Lesser Antilles are treated as one island.

Reinhardt, J., and Liitken, C. P. Bidrag til det vestindiske Origes
og navnligen til de dansk-vestindiske Oers Herpetologie. ‘ Vid. Medd.’

1862, pp. 163-291.
In this list of the West Indian reptiles the Lesser Antilles are treated

as one group (Karabaiske Oer).
Stimpson, W. Notes on North American Crustacea, Nos. I. and II.

* Ann. Lyc. New York,’ vii. (1862), pp. 49-93, pi. i., and pp. 176-246.
Plates II., III.

Includes several new species from St. Thomas and Bardados.
Mdrch, 0. A. L. Contributions k la Faune malacologique des Antilles

danoises. ‘ J. de Conch.’ xi. (1863), pp. 21-43.

Numerous species, including several new, from St. Thomas, St. Croix,

Sttincent.
Buchail^aing, F. de F., and Michelotti, G. Spongiaires de la Mer

Caraibe. * Nat. Verb. Wet. llaarlem,’|pxi. (1864), p. 115. Plate XXV.
A large number of new species Ire described from various islands of

the Lesser Antilles, most of them from St. Thomas.
Liitken, Chr, Om Vestindiens Pentacriner. ‘Vid. Medd.’ 1864, pp,

195-246. Plates IV. and V.
Pentacrinus Miilleri. ‘ Danish Islands.’

Bland, T. Remarks on the Origin and Distribution of the operculated

land'shells which inhabit the continent of Atnerica and the West Indies,

with a catalogue of the American species. ‘Am. J. Conch.’ ii. (1866),

pp. 64-63, 136-143.
‘ Origin ’ means the ‘ maximum specific representation.*
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Bland, T. Remarks on the distribution of the inoperculated land-

shells which inhabit the continent of America and the West Indies. T. c.

pp. 349-370.
Ouyon,—. Des animanx disparus de la Martinique ot de la Guadeloupe

depuis notre etablissement dans ces iles. * Comptes Rendns,’ Ixiii. (1866),

pp. 589-593.
8 species. 1 mammal, 6 birds, 1 frog.

Crosse, H., and Fischer) P. Note sur la distribution g^ographique
des Brachiopodes aux Antilles et description d’especes nOuvelles de la

Guadeloupe. ‘ J. de Conch.’ xiv. (1866), pp. 265-273.
5 species catalogued, 2 described, from Martinique and Guadeloupe.
Bland, T. Notes on tbfe Land-sliolls of Trinidad, Grenada, and

Dominica, and also of Cura9ao and Buen Ayre, W. I. .
* Am. Journ.

Conch.’ iv. (1868), pp. 177-192.
14 species from Grenada, 21 from Dominica.
Guppy, B. J. L. On the terrestrial Mollusks of Dominica and Grenada,

with an account of some new species from Trinidad. ‘ Ann. Mag. Nat.
Hist.’ (4) i. (1868), pp. 429-442.

20 species, 0 new.
Bland, T. Additional notes on the geographical distribution of

Land-shells in the West Indies. ‘ Ann. Lyc. N. York,’ ix. (1870), pp.
238-241.

Lists of species from Anegada, Anguilla, and St. Bartholomew.
Buchassaing, P. de F. Revue des Zoophytes et des Spongiaires des

Antilles. Paris, 1870.
Bland, T. Notes relating to the physical geography and geology of,

and the distribution of Terrestrial Mollusca in, certain of the West India
Islands. ‘P. Am. Phil. Soc.’ xii. (1871), pp. 56-63.

Cope, E. D. Contribution to the Ichthyology of the Lesser Antilles. * Tr.

Am. Phil. Soc.* xiv. (1871), pp. 445-483.
Records a large number of species, including several new. Most of

the islands are mentioned.
Ball, W, H. Report on the Brachiopoda obtained by the United

States Coast Survey Expedition, in charge of L. P. de Pourtales. ‘ Bull.

Mus. C. Z.’ iii. No. 1 (1871), pp. 1-42.
Chiefly a systematic paper, but mentions a few species from

Guadeloupe, &c.
Elliott, D. G. The Humming-birds of the West Indies.' ‘ Ibis,* 1872,

pp. 345—357.
The species are enumerated, and the islands in which each has l?een

found mentioned.
Saussure, H. B., and Humbert, A. Catalogue general des Ddyriapodes

am5ricains in ‘ Miss. Sci. au Mexiqpie et TAm^r. centr. Zool.* (1872) 6“®

partie, 2® section, pp. 149-211.
Includes the species known to occur in the Antilles. St. Thomas,

Martinique, Porto Rico, St. Vincent, St. Croix, St. Bartholomew are men-
tioned as localities of a few species.

Stimpson, W. Notes on North American Crustacea in the Museum of

the Smithsonian Institute. * Ann. Lyc. New York,* x. (1874), pp. 92-136.
Includes several new species from Barbados and St. Thomas.
Lyman, T. Zoological results of the * Hassler* Expedition. * Cat. Hus.

C. Z.* viu. 2 (1875). OphiuridsB and Astrophytidie, pp. 1-34. Plates. I.-V.
Numerous species, some new, from Barbados.
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Lindfltrbm, G. Oontributioiis to the Actinology of the Atlantic

Ocean. ‘K. Svensk. Vet. Ak. Hand.’ xiv. 2 (1876), Ho. 6, 26 pp.

3 plates. •

Many species of corals frqm St. Bartholomew, and a few from other

islands of the Lesser Antilles are recorded in this list.

Wallace, A. B. The geographical distribution of animals. * The West
Indian Islands, of Antillean Sub-region,’ vol. ii. (1876), pp. 60-80.

Edwards, H. Milne-. Recherches zoologiques pour servir k I’histoire

de la Faune de I’Amerique centrale et du Mexique. * Miss. Sci. au Mexique
et I’Am^rique centr. Zool.’ 5“® partie, Xiphosures et Crustac^s. Paris,

1873-1880.
Includes species from various islands of the Lesser Antilles.

.
Martens, £. y. Land- und Siisswasser-Schnecken von Puertorico.

‘ J.*B. mal. Ges.’ iv. 1877, pp. 340-362.
120 species from Porto Rico are mentioned, and there is a table of

the distribution of the species in the West Indies, including the Lesser

Antilles.

Lawrence, G. N. A general catalogue of the birds noted from the

islands of the Lesser Antilles visited by Mr. Fred A. Ober, with a table

showing their distribution, and those found in the United States. ‘ P. U. S.

Hat, Mus.’ i. (1878), pp. 486-488.
A list of 128 species from all the islands.

Lawrence, G. H. Catalogue of the birds of Antigua and Barbuda,
from collections made for the Smithsonian Institut by Mr. Fred A.

Ober, with his observations. ‘ P. U. S. Hat. Mus.’ i. (1878), pp.
232-242.

39 species, including a new Speotyto.

Fonlsen, C, M. Catalogue of West Indian Shells in the collection of

C. M. Poulsen. Copenhagen, 16 pp. 1878,

The Land-shells of the Lesser Antilles are given in two separate

lists.

Marshall, T. A. Hotes on the entomology of the Windward Islands,
* P. Ent. ’Soo. Lond.’ 1878, pp. xxvii-xxxviii.

A few species of various orders from Antigua and Martinique.

Waterhouse, C. 0. Hotice of a small collection of Coleoptera from
Jamaica, with descriptions of new species from the West Indies. ‘ Tr.

Ent. Soc. Lond.’ 1878, pp. 303-311.

Includes two or three species from St. Thomas and St. Bartholomew.
Gibbons, J; 8. Hotes on the Habits and Distribution of certain West

Indian PvZmonifera. ‘ J. Conch.’ ii. (1879), pp. 129-134.

Mentions a few species from various islands of the Lesser Antilles.

Lawrence, G. H. Descriptions of supposed new species of birds from
the islands of Grenada and Dominica,*West Indies, ‘ Ann. H. York Ac.’

i. (1879), pp. 160-163.
4 species.

Schmidt, 0. Die Spongien des Meerbusen von Mexico (und des

Caraibischen Meeres. Heft I. Jena, 1879, 4 pis. Zweitos (Schluss-)

Heft, pp. 33. Plates V.-X. Jena, 1880."

The new species described in the first Heft are mostly from Havannah,
but there are a few from Sombrero and Barbados ;

those in the second

Heft are mostly from the Lesser Antilles.

Thiel, H. Reports on the results of dredging under the supervision

of Alexander Agassiz in the Gulf of Mexico (1877-78), in the Caribbean
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Sea (1879-80) . . . &c., &c. Report on tlie HbZoiAwmtcZea, ‘Ball. Mas.
C. Z.’ xiii. No. 1, pp. 1-21, pi. i.

New species frotn off several islands of tbe Lesser Antilles.

Cope, E. D. Eleventh contribution to the Herpetology of Tropical

America, vi., vii. ‘ P. Am. Phil. Soc.^ xviii. (1880), pp. 274-277.

These parts relate to Dominica (with four species, three of them new)
and Tobago (one new sub-species).

Kobelt, W. Die geographische Verbreitung der Mollusken. Ill,

Die Inselfaunen. ‘ J. B. mal. Ges.* vii. 1880, pp. 243-286.

Gives lists of the species known from each island.

Lawrence, G. N. Description of a new species of Icterus from the

West Indies. ‘ P. U. S. NatJ. Mus.* iii. (1880), p. 351.

From Montserrat.

Ober, F. A. Camps in the Caribbees
;
the adventures of a naturalist

in the Lesser Antilles. Edinburgh, 1880, pp. xviii and 366.

The author, the discoverer of the species of birds described by
Lawrence in his memoirs, gives a few field-notes relating to birds.

Pourtales, L. F. Reports on the results of dredging, under the super-

vision of Alexander Agassiz, in the Caribbean Sea, 1878-79, by the

United States Coast Survey steamer * Blake.* VI. Report on the Oorals

and Anti^atharia. ‘Bull. Mus. C. Z.* vi. No. 4 (1880), pp. 95-120. Plates

I.-I1I.

Numerous species, some new, are mentioned; the stations are nearly all

off the islands of the Lesser Antilles.

Agassiz, A. Reports on the results of dredging by the United States

Coast Survey steamer ‘ Blake.* IX. Preliminary Report on the Echini.
* Bull, Mus. C. Z.* viii. (1880-81) pp. 69-84.

The localities for each species are nearly all in the Lesser Antilles.

Thomson, Sir C. W., and Murray, J. The Voyage of H.M.S. ‘ Chal-

lenger.* ‘ Zoology,* vols. i.-xxv. London, 1880-88.

These volumes contain additions to the marine fauna of the West
India Islands.

Edwards, A. Milne-. Reports on the results of dredging, 'under the

supervision of Alexander Agassiz, in the Gulf of Mexico and in the

Caribbean Sea, by the U. S. Coast Survey steamer ‘ Blake.* VIII. Etudes
pr41iminaires sur les Crustaces. ‘ Bull. Mus. C. Z.* viii. (1880-81) pp. 1-69.

Plates I., II.

The localities given are chiefly the various islands of the Lesser

Antilles : 214 species are mentioned, and many new are d^cribed.

Fewkes, J. W. Reports on the results of dredging by the United
States Coast Survey steamer * Blake.* XI. Report on the Acalephro.
‘ Bull. Mus. C. Z.* viii. (1880-81), pp. 127-140. Plates L-IV.

Several new species are described and the localities given are mostly
islands of the Lesser Antilles.

Garmau, S. Reports on the results of dredging by the United States

Coast Survey steamer ‘ Blake.* XII. Report on the Selachians. ‘ Bull.

Mus. 0. Z.* (1880-81) pp. 231-:237.

Some of the Lesser Antilles are mentioned as localities for two
species.

' Lethierry, ti. Liste des H^mipteres recueillis par M. Delaunay ^ la

Guadelope, la Martinique et Saint BartH51emy. ‘ Ann. Ent. Belg.* xxv.
L. (1881), pp. 8-19. ^

62 species, several new, mostly from Guadeloupe.
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Carpenter, P. H. Report on the results of dredging by the United
States Coast Survey steamer * Blake.’ XVI. Preliminary Report on the
Comatulss. ‘ Bull. Mus. C. Z.’ ix. (1881-82), pp. lSl-170. Plate I.

New species of Antedon from Gruadeloupe and Martinique.

Carter, H. J. Some Sponges from the West Indies and Acapulco in,

the Liverpool Free Museum described, with general and classificatory

remarks. ‘ Ann. N, H.’ (5), ix. (1882), pp. 266-301, and 346-368. Plates

XI., XII.
Includes several new species from different islands of the Lesser

Antilles.

Stejneger, L. Synopsis of the West Indian Myadeates, ‘ P. U. S. Nat.

Mus.’ V. (1882), pp. 15-27. Plate II.

Two new species from Saint Lucia and Dominica.

Traustedt, P. A. Vestindiske Ascidise simplices. ‘Vid. Medd.’ 1881,

pp. 267-288, plates IV., V., and 1882, pp, 108-136, plates V., VI.

Several new species are described from St. Thomas, St. Croix, and
other islands.

Maz6, H. Catalogue r4vise des Moliusques terrestres et fluviatiles de

la Guadeloupe et de ses dependances. * J. de Conch.’ xxxi. (1883), pp. 5-54.

80 species from Guadeloupe, 25 from Saintes, 16 from Marie-Galante,

9 from La D4sirade.

Lyman, T. Reports on the results of dredging by the United States

Coast Survey steamer ‘ Blake.* XX. Report on the Ophiuroidea. ‘Bull.

Mu^. C. Z.* X. (1882-83), pp. 227-287. Plates I.-VIII.

The localities of the numerous species are chiefly islands of the Lesser

Antilles.

Carpenter, P. H. Report on the results of dredging by the United

States Coast Survey steamer ‘ Blake.’ XVIII. The stalked Crinoids of

the Caribbean Sea. ‘ Bull. Mus. C. Z.’ x. (1882-83), pp. 165-181.

Includes an additional species and Caribbean localities for the other

species mentioned.
Agassiz, A. Reports on the results of dredging . . . xxiv. Part I.

Report on the Echini. ‘ Mem. Mus. C. Z.’ x. No. 1 (1883), pp. 1—94. Plate

XXXII.
Includes list of the Echini of the West Indies.

Oraff, L. V. Reports on the results of dredging, under the super-

vision of Alexander Agassiz . . . xxvi. Verzeichniss der von den United
States Coast Survey steamers ‘ Hassler ’ und ‘ Blake ’ von 1867 zu 1879
gesammelten Myzostomiden. ‘Bull. Mus. C. Z.’ xi. (1883), pp. 125-133.

Reitter, E. Beitrag zur Kenntniss der Clavigeriden^ Pselaphiden und
Scydmceniden von West Indien {Goleopterd), ‘ Deutsche ent. Zeit.* xxvii.

(1883), pp. 33-46.

21 species, mostly from St. Thomas, nearly all new. Found by Baron

V. Eggers.
Verrill, A, E. Report on the results of dredging under the super-

vision of
,
Alexander Agassiz on the east coast of the United States . . .

by the U. S. Coast Survey steamer * Blake.’ XXI. Report on the Anthozoa.
‘ Bull. Mus. C. Z.’ xi. No. 1 (1883), pp. 1-72. Plates I.-VIII.

Goode, G. B., and Bean, T. H. Reports on the results of dredging

by the United States Coast Survey steamer * Blake.* XXVIII. Description

of thirteen species and two genera of fishes from the * Blake ’ Collection.

‘ Bull. Mus. C. Z.’ xii. (1886-86), pp. 163-170.

The localities given are chiefly islands of the Lesser Antilles.
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Bidgway, B. Description of three supposed new IsTOney-creepers

from the Lesser Antilles, with a synopsis of the species of the genus
Gerthiola, ‘ P. U. S. Nat. Mas/ vin. (1885), jjp. 26-30.

2 new species from Guadeloupe and Dominica.
Ball, W. H. Reports on the results of dredging, under the super-

vision of Alexander Agassiz in the Gulf of Mexico (1877-78) and in the
Caribbean Sea (1879-80) by the U. S. Coast Survey steamer * Blake.’

Report on the Mollusca. Part I., Brachiopoda and Pelecypoda. ‘ Bull.
‘ Mus. C. Z: xii. No. 6 (1886), pp. 171-318. Plates I.-IX.

Many species from the Lesser Antilles, including Barbados.

Cory, C. B, Descriptions of new species of birds from the West
Indies. ‘ Auk,* iii. (1886), pp. 381, 382.

Guadeloupe, Si Lucia, Barbados.

Cory, C. B. On- a collection of birds from several little-known islands

of the West Indies. *
Ibis,’ 1886, pp. 471-475.

Lists of species found in Barbados, St. Vincent, Marie-Galante, La
D5sirade, Grande Terre, St. Lucia.

Cory, C. B. The Birds of the West Indies, including the Bahama
Islands, the Greater and Lesser Antilles, excepting the islands of Tobago
and Trinidad. ‘ Auk,’ iii. (1886), pp. 1-59, 187-245, 337-381, and 454-
472; op. cit. iv. (1887), pp. 37-51, 108-120, 223-232, 311-328; op. cit.

V. (1888), 48—82 and 155—159.

A complete list with references, synonymy, brief characters, and
woodcuts of heads.

Jordan, D. S. A Preliminary List of the fishes of the West Indies.
* P. U. S. Nat. Mus.’ ix. (1886), pp. 554-608.

Nearly 900 species.

Garman, S. On West Indian Reptiles in the Museum of Comparative
Zoology at (3ambridge, Mass. ‘P. Am. Phil. Soc.’ xxiv. (1887), pp. 278-286.

Refers to snakes, turtles, and crocodiles, and records several species

from the Lesser Antilles.

Garman, S. On West Indian Reptiles in the Museum of Comparative
Zoology, Cambridge, Mass. ‘ Bull. Essex Institute ’ xix. (1887), pp. 1-63.

Several new, species from various islands of the Lesser Antilles, as
well as the larger islands and Trinidad.

Agassiz, A. Three cruises of the United Statea Coast and Geodetic
Survey steamer ‘ Blake ’ in the Gulf of Mexico, in the Caribbean Sea,

and along the Atlantic coast of the United States from 1877 to 1880.

Vdls. i. and ii. London, 1888.

Chap. V. vol. i. * Relations of the West Indian Fauna and Flora,’ and
Chap. XIV. vol. ii. ‘ The West Indian Fauna,’ relate to the fauna of the

liesser Antilles and Caribbean Sea. The larger portion of the memoirs
on marine zoology recorded in this bibliographical list are the results of
these cruises, and it may therefore be well to state that the fauna referred

to in them is that extending from the hundred-fathom line to deep water
off the lee side of the Caribbean islands. Cf vol. i. Introduction, p. xii.

ANEGADA (see VIRGIN ISLANDS).

ANGUILLA.

About sixty miles north-west of St. Kitts, in 18® 12^ N. lat. The area
is thi^-five square miles and the elevation very slight. The adjacent

Dog and Sombrero Islands belong to Anguilla politically.
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Owing to great droughts and the absence of fresb-water springs, this

island is not very fertile, yet a considerable amount of garden produce is

raised and finds a ready market in St. Thomas.
Seal and Scrub are islets a little north of Anguilla, and regarded as

appendages to it.

ANTIGUA.
Situated in 17° 5' N. lat. and 61° 60' W. long., and about seventy

miles in circumference. The mountains reach a height of 2,200 feet,

but the vegetation is not so luxuriant as in most of the neighbouring
islands on account of the comparatively small rainfall.

Five Islands are on the western side.
¥

Botany.

Very complete collections of plants were made in this island by
Wullschla^el and elaborated by Grisebach in his ‘ Flora of the British

West Indies.* Only one endemic flowering plant, a grass (Bouteloua
elatior) is recorded, and that, as Grisebach remarks, may occur else-

where.
The vegetation of this and the other non-volcanic islands seems to be

of comparatively recent derivation, like that of the Bahamas and the more
distant Bermudas.

* Report upon Antigua in Relation to Forestry.* By E. D. M. Hooper.
Indian Forest Department, Colonial Office, 1 888.

Zoology.

Putzeys, J. Note sur les Cicindeles et Carabiques recneillis dans
rile d*Antigua par M. Purves. ‘Ann. Ent, Soc. Belg.* xvii. pp. 117-120.

10 species, 2 new.
Purves, —. Shells of Antigua. ‘ Bull. Malac. Belg.* vii. (1872), pp,

xcix-ci.

He found 38 species, only 6 being previously known from the island.

Roelofs, W. Note sur les Ourculionides recueillis par M. Purves si

I’ile d*Antigua. * 0. R. Ent. Soc. Belg.* xviii. pp. 25, 26.

The species previously described (3) are mentioned, 6 are undescribed,

one of them here described.

Sharp, D. Aquatic Coleoptera collected by M. J. 0. Purves in Antigua
during the summer of 1872. ‘ Ann. Ent. Belg.’ xx. pp. 120, 121.

13 species, one new.
Lameere, A. Longicornes recueillis par M. Purves a Antigua. ‘ Ann.

Ent. Belg.’ xxviii. pp. 100, 101.

5 species.

BARBADOS.
Situated in 13° 4' N. lat. and 69° 30' W. long., and the most

easterly of the West, Indian islands. It is nearly twenty-one miles

long by fourteen in breadth, and has an area of 166 square miles. The
eastern side is very rugged and the greatest elevation 1,150 feet above
the level of the sea.

Botany.

tdgon, R. A History of the Island of Barbados. London, 1657, and
reprinted in 1673 ... Principal trees and plants, pp. 66-84, with curious

illustrations.

1888.
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Hughes, Griffith. The Natural History of the Barbados. In 10 books.

London, 1750. Folio, pp. 314, tt. 29. Botany, pp. 97-256.

Mayceck, J. D. Flora Barbadeosis. London, 1830. 8yo, with a
geological map.

Smioinburgk, R. The History of Barbados. .London. 1848. Bvo.
‘ Botany,* pp. 573-633.

Notwithstanding that the vegetation of Barbados has been dealt

with by so many difterent writers, it has not been critically and
exhaustively elaborated. It possesses, however, no special interest.

Schomburgk enumerates 896 species of flowering plants
;
yet, according

to Grisebach (‘ Geograph. Verbr. Pflan. W. Ind.’), only one species is

peculiar to the island against twelve in St. Vincent and twenty-nine in

Dominica. ‘ Hughes’ Natural History ’ is a fine old work, containing

admirable engravings by Ehret.

Zoology.

Ligon, R. A true and exact History of the island of Barbados.

London, 1657. 122 pp. Woodcuts.

?p- 60-65 relate to the birds, lesser animals, and insects.

Hughes, G. The Natural History of Barbados. In 10 books. London,
1750.

Includes particulars about the * quadrupeds, volatiles, and insects,’

Schomburgk, Sir R. H. A History of Barbados
;
comprising a geo-

graphical and statistical description of the island, and a sketch of hisr

torical events since the settlement, and an account of its geology and
natural productions. London, 1848. Pp. xx and 722.

Chapter V. pp. 635-683. ‘ Animated Nature as developed in Barbados,’

includes lists of the insects, Crustacea, molluscous animals, and vertebral

animals. A part is reprinted under the title, A Description of some new
species of fishes from the sea surrounding the island of Barbados, in

‘Ann. K H.’ (2), ii. (1848), pp. 11-20.

Steindachner, F. TJeber einige neue oder seltene Fischarten von
Westindien und Surinam. * S. B. Ak Wien.’ Ivi. (1867), pp. 347-357.

14 species, mostly from Barbados.
Agassiz, A., and Pourtales, L. F. de. Zoological results of the ‘ Hassler’

Expedition. I. Echini, Crinoids, and Corals. ‘ Cat. Mus. C. Z.’ viii. (1874).

pp. 1-31. Plates I.-IY.
Numerous species from Barbados, including several new.
Sclater, P. L. On a small collection of Birds from Barbados. * P. Z. S.,’

1874, pp. 174, 175.

9 species.

Cory, C. B. An apparently new Elainea from Barbados, West Indies.

Auk,’ V. (1888), p. 47.

BARBUDA.
A small and very flat island, about half a degree north of Antigua

in 17® 40' N. lat. The population is small, and chiefly engaged in

breeding cattle and horses. Vegetation consists mainly of brushwood.

LA DESIRADE (see GUADELOUPE).

DOMINICA.
This island lies between the French islands of Guadeloupe to the

north-west, and Martinique, to the south-east, in 15® 20' N. lat. and
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61® W. long. It is twenty-nine miles long.by sixteen broad, with an area
of 292 square miles, and the mountains attain an altitude of nearly 5,000
feet.

Botany.

Johow, F. Vegetationsbilder aus Westindien: eine Excursion nach
dem Kochenden See auf Dominica. ‘Kosmos,^ ii. 1884, pp. 112-130, 270-
286. Abstract in * Engler^s Jahrbiicher,* vii. (1886), ‘ Literaturbericht,*

p. 76.

NichoUs, H. A. A. The Natural Resources of Dominica. Handbook
of the West Indies and British Honduras, Colonial and Indian Exhibition,
1886. Vegetation, <fcc., pp. 120-126.

Dominica shares with Guadeloupe a comparatively rich flora, and has
been almost thoroughly botanised by Dr. Imray, whose collections were
elaborated by Grisebach in his Flora of the British West Indies, and sub-
sequently by Baron Eggers, who, from time to time, has sent to Kew
specimens of about 250 species of flowering plants. The forests are
described as extensive, and abounding in valuable timber. Indeed it is

stated that only 55,000 acres, out of 186,000, are under cultivation, and
that the rest or the land is for the most part covered with virgin forests.

So far as Grisebach’s data go, Dominica is by far the richest in endemic
species of all the Lesser Antilles

;
yet it is barely half the size of Guade-

loupe, immediately to the north, and the nearer Martinique to the south

.

Twenty-nine species of flowering plants are apparently endemic in

Dominica, against two in Martinique and one in Guadeloupe.

Zoology.

Guppy, R. J. L. Notes of a Visit to Dominica. ‘ P. Sci. Ass.

Trinidad.’ Part VIII. (1869), pp. 377-392.
Besides list of Land-shells there is another of ‘ Organic Remains from

the Pliocene Coral Formation of Dominica.’
Lawrence, G. N. A provisional List of the Birds preserved and

noticed by Mr. F. A. Ober in the island of Dominica. ‘ Forest and
Stream,’ New York, 1877.

Lawrence, G. N. Description of new Species of Birds from the
island of Dominica. ‘ Ann. N. Y. Ac.’ i. 1879, pp. 46-49. 1877.

3 species.

Lawrence, G. N. Catalogue of the Birds of Dominica from collections

made for the Smithsonian Institute by Fred. A. Ober, together with
his Notes and Observations. ‘P. U. S. Nat. Mus.* i. (1878), pp.
48-69.

•

66 species.

Lawrence, G. N. Description of a new species of Parrot of the genus
Chrysotis from the island of Dominica. ‘ P. U. S. Nat. Mus.’ iii. (1880),

pp. 264-257.
Other birds are mentioned in this.

Lawrence, G. N. Description of a new species of Bird of the family

Turdidffi from the island of Dominica, W. I. ‘ P. U. S. Nat. Mus.’ iii.

(1880), p. 16.

Angas, G. F. On the terrestrial Mollusca of Dominica. Collected

during a recent visit to that island. ‘ P. Z. S.’ 1883, pp. 594-597.

20 species.

a a 2
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Oodmaii) F. D., and Salving 0. A list of the Rhopalocera oollected by
Mr. G. French Angas in the island of Dominica. * P. Z. S.* 1884, pp. 314-
820. Plate XXV.

27 species, 3 new,
Bruce, H. On a collection of Heterooera from Dominida. * P. Z. S/

1884, pp. 321-326.
104 species.

Cory, C. B. Description of a supposed new form of Margarops from
Dominica. *Ank,* v. (1888), p. 47.

Smith, F. A. On the Mollusca collected by Mr. G. A. Kamage at the
Island of Dominica. * Ann. N. H.* (6) II. (1888), pp. 227-234.

GRANDE TERRE (see GUADELOUPE).

GRENADA.

Situated between 11® 68' and 12® 30' N. lat. and 61® 20' to
61® 85' W. long., and about 68 miles south-west of St. Vincent. About
21 miles long by 12 miles in its greatest breadth, with an area of 125
square miles. Mountainous and picturesque and abounding in streams.
The Grand Etang, a lake on the summit of. the mountain ridge, at an eleva-
tion of 1,740 feet, is one of the most remarkable natural features. About
17,000 acres, out of a total of 76,653, are cultivated, but much of the un-
cultivated land is described as inaccessible. Valuable timber is reported
to be abundant, particularly bullet-tree (? Sideroxylon), locust (Hy-
menssa), mahogany (Swietenia), white cedar (Cedrela), and galba (Calo-
phyllum). Vanilla and several varieties of gum-yielding trees have lately
been discovered.

Botany.

This island has never been thoroughly botanised, but it is one of those
visited by Jacquin about the middle of the last century, and Mr. G,
Murray, of the British Museum, spent two or three weeks there in 1887.
Recently a small botanic garden has been established, and Mr. Elliott,
the present superintendent, has already partially explored the island
botanically, and sent a small collection of dried plants to Kew, from
which it appears that there are very few, if any, plants peculiar to the
island.

Murray, G. A Half-holiday in Grenada. * Gardeners* Chronicle,*
series 8 (1888), iii. p. 8.

‘ Report upon the Forests of Grenada and Oarriacou.* By E. D. M.
Hooper, of the Indian Forest Department, Colonial Office. 1887,

Zoology.

Lawrence, G. N. Catalogue of the Birds of Grenada, from a collec-
tion made by Mr. Fred. A. Ober for the Smithsonian Institute, including
others seen by him but not obtained. ‘ P. U. S.* Nat. Mus, i. (18781.
pp. 265~27a

'

,
54 species.

Wells, J. G. A Catalogue of the Birds of Grenada, West Indies, with
observations thereon. Edited by G. N. Lawrence. ‘ P. U. S. Nat .Mus.* ix.

(1886), pp. 609-633.
92 species.
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Wells, J. G. A List of the Birds of Grenada. St. Andrews. 1886.

12 pp.
93 species.

Lawrence, G. N. Description of a new species of Thrush from the
Island of Grenada, West Indies. ‘Ann. New York Ac.* ir. (1887), pp.
23, 24.

GRENADINES.

A group of small islands lying between Grenada and St. Vincent,
many of them being little more than rocks. Bequia and Garriacou are
the largest. Other named islands are Ronde, The Sisters, Les Tantes,

Savan, Hillsborough, Frigate, Union, Little Martinique, Bird, Mayero,
Cannouan, Little Cannouan, Sail, Quatre, Moustique, and Baliceaux.

Mr. D. Morris informs us that these islands have been practically

denuded of their timber trees to supply Barbados with fuel.

GUADELOUPE.
Including the adjacent islands of Marie-Galante, Petite Terre, Les

Saintes, and La Desirado. This group extends from 15° 55' to 16° 30' N.
lat. and from 60° 57' to 61° 50' W. long. The main island consists of

two nearly equal areas, Grande Terre and Guadeloupe proper, connected
by a very narrow neck of land. Total area estimated at.635 square miles,

and the greatest altitude exceeds 5,000 feet.

Grisebach (* Yerbreitung der Pflanzen Westindiens ’) indicates only

one very distinct flowering plant as endemic in Guadeloupe, namely,
Cremanium coriaceum (Melastomaceee). Yet this island is one of the

most thoroughly explored botanically.

Botany.

L’Herminier, F. J, Relation de I’Histoire m5dicale tirce des trois

regnes dans Tile de la Guadeloupe. ‘Journal de Pharmacie,’ iii. 1817, pp.
461-477.

Wikstrbm, J. £. Ofversigt of On Guadeloupe’s Flora. ‘ Kongliga
Svenska Yetenskaps Akademiens Handlingar,* 1827, pp. 51-79.

Duohassaing, P., et Walpers, G. Plantas novas et minus cognitas

in . . . insulis Guadeloupe et Sti. Thomas collectas. ‘ Linnasa,’ xxiii.

1850, pp. 737-'756.

Montagne, C. Deux Champignons de la Guadeloupe. ‘ Bulletin de la

Soci4t5 Botanique de France,* iv. 1857, p. 444.

Grisebach, A. H. R. Systematische .Untersnchungen iiber die

Vegetation der Elaraiben, insbesondere der Insel Guadeloupe. ‘ Abhand-
lungen der Rdniglichen Gesellschaft der Wissenschaften zu Gottingen,*

1857. Also a reprint, 4to, pp. 138.

Haz4, H., and Schramm, A. Essai de Classiflcation des Algues de la

Guadeloupe. Basse-Terre, Guadeloupe, 1870-77. Deuxieme Edition.

4to. Pp. 283. * See Bulletin de la Soci5te Botanique de France,* xxv.

Revue Bibliographique, p. 119.

This enumeration contains 940 species.

Mazd, M. Nomenclature d,es Arbres et des Arbrisseaux indigenes ou
naturalises ^ la Guadeloupe, avec leurs noms vulgaires. * Bulletin de la

Sooi4t4 Botanique de France,* 1883, xxx. pp. 100-109.



454 BEPOKT

—

1888.

Zoology.

L*Herminier, —. Observations sur les habitudes des Insectes de la

Guadeloupe. ‘ Ann. Soo. Ent. Fr.' vi. (1837), pp. 497-513.
Lafresnaye, F. da. Description de quelques oiseaux de la Guade-

loupe. ‘ Rev. Zool.* vii. (1844), pp. 167-169.
3 new species.

Saussaye, Petit de la. Catalogue des Coquilles trouvees a Tile de
la Guadeloupe. *J. de Conch.* ii. (1851), pp. 422-430. Suppl4ment,
op. cit, iv. pp. 149-158.

About 400 species.

Peshayes, G. P. JNTote sur differents Mollusques de la Guadeloupe
envoyes par M. Schramm. ‘ J. de Conch.* vi. (1857), pp. 137-143.

One or two new.
Beau, —. Catalogue des Coquilles recueillies a la Guadeloupe et ses

dependances. Paris. Bailliere (1858). (Cf. ‘ J. de Conch.* vii. p. 393,
note.) Not seen by the bibliographer.

Chevrolat, A. Ino praeusta. ‘Rev. Mag. Zool.* (2), x. (1858), p. 212.
A beetle from Guadeloupe.
Bemardi, —. Description d’un Cone nouveau. ‘J. do Conch.* x.

(1862), p. 404.

From Guadeloupe.
Crosse, H. Description d’une espece nouvelle de la Guadeloupe. ‘J.

de Conch.* xi. (1863), p. 82.

Engina Schrammi,
Crosse, H. Description d’especes nouvelles de la Guadeloupe. ‘ J. do

Conch.* xiii. (1865), pp. 27-38.
6 species.

Schramm, Alph. Crustaces de la Guadeloupe d’apres un manuscrit
du Dr. Isis Desbonne, compare avec les echantillons de Crustaces de sa
collection. Premiere partio. Brachyures. Basse-Terre. Imp. du Gou-
vernement. 8vo, pp, 65, with 8 plates of photographs (1867).

85 species. *

Schramm, A. Catalogue des Coquilles et des Crustaces de la Guade-
loupe envoyes a I’Bxposition universelle de 1867, par TAdministration de
la Colonie. Deuxieme Edition. Basse-Terre, 1869.

781 species of Mollusca.
Lawrence, G. N. Catalogue of a Collection of Birds obtained in

Guadeloupe for the Smithsonian Institute by Mr, Fred. A. Ober.
‘ P. U. S. Nat. Mus.* i. (1878), pp. 449-462. '

45 species
; but the paper also includes a list of L’Herminier’s, enume-

rating 135 species, most of which were observed also in Martinique.
Chevrolat, A. Diagnoses de Coleopteres Curculionides de la Guade-

loupe. ‘ Le Naturaliste,* i. (1879), pp. 84 and 108.
Several new species.

Chevrolat, A. Diagnoses de Coleopteres des Antilles. * Le Natural-
iste,* i. (1879), pp. 190, 300, 306, 315.

About 20 new species from Guadeloupe.
Lawrence, G. N . List of a few species of Birds new tx) the fauna of

Guadeloupe, with a new species of Ceryle. ‘ P. U. S. Nat. Mus.* viii.

(1885), pp. 62i-e35.
10 species.

Bidgway, B. Description of a new species of Coot from the West
Indies. * P. U. S. Nat. Mus.* vii. (1885), p. 358.
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Fischer et Bemardi. Description d’un Plenrotomaire vivant. *
J. de

Conch/ V. pp, 160-166. Plate V. f. 1.

In !Miirie*Galante.

JOST VAN DYKE (see VIRGIN ISLANDS).

LA DESIRADE (see GUADELOUPE).

MARIE-GALANTE (see GUADELOUPE).

MARTINIQUE.
Sitnated between 14° 23' and 14° 62' Nt lat. and 60° 46' and 62° 16'

W. long., and abont fifty miles long by sixteen in the broadest part, with
an area of about 380 square miles. The mountains reach an elevation

of nearly 4,600 feet.

Botany.

Chanvalon, Thibanlt de. Voyage k la Martinique. Paris, 1763. 4to.

See general bibliography for works dealing with the botany of this and
other French islands.

The botany of Martinique has been so far investigated that large

collections of the plants have been dried and distributed to the principal

herbaria, but no complete enumeration of them has been published. Hahn
was perhaps the largest collector, and the set of his plants in the Kew
Herbarium contains about 676 species of flowering plants and forty

ferns. Apparently the endemic element is very poor, for only two species

of flowering plants were regarded by Grisebach as peculiar to this island.

Zoology.

Moreau de Jonnes. Monographic du Trigonocephale des Antilles ou
grande Vipere Fer-de-Lance de la Martinique. Paris (no date. ? 1816),

42 pp.
Coquerel, C. Observations entomologiques sur divers Coleopteres

recueillis aux Antilles. ‘Ann. Soc. Ent. Fr.’ (2), vii. (1849), pp. 441-464.

Includes three or four new species from Martinique.

(Anonymous.) List of Birds from Martinique exhibited in the

international exhibition of 1862 by M. Belanger. ‘Ibis,* iv. (1862), pp.

288, 289.
- 34 species.

Taylor, E. C. Five months in the West Indies. Part II. Martinique,

Dominica, and Porto Rico. ‘ Ibis,* vi. (1864), pp. 167-173.

48 species of birds mentioned, with notes on their abundance or

rarity, &c.

Crosse, H. Diagnoses Molluscorum Martinicensium novorum. ‘ J. de

Conch.* xxii. (1874), pp. 118, 119.

8 species.

Mazd, H. Catalogue des Coquilles terrestres et fluviatiles recueillies d

la Martinique en 1873. ‘ J. de Conch.* xxii. (1874), pp. 168-173.

61 species.

Lawrence, G. N. Catalogue of the Birds collected in Martinique by
Mr. Fred. A. Ober for the Smithsonian Institute. * P. U. S. Nat. Mus.*

i. (1878), pp. 349-360.
40 species.
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True, F. W. On the occurrence of Loncheres armatus, Wagner, in the

island of Martinique. * P. U. S. Nat. Mus.* vii. (1885), p. 550.

(A mammal.) *

Cory,, C. B. A List of the Birds collected by Mr. W. B. Bichardson in

the island of Martinique. ‘ Auk,* iv, (1887), pp. 95, 96.

38 species, 1 new.

MONA (SEE PORTO RICO).

MONTSERRAT.
Situated 16° 45' N. lat* and 62° 10' W. long., and having an area

of 35 square miles. It is very mountainous, the highest peak slightly

exceeding 3,000 feet, and several of them reaching 2,500 feet. The
mountains are reputed to be covered to their summits with virgin forests.

Botany.

Grisebach records only two species of flowering plants as being
restricted to this island.

Zoology.

Sclater, P. L. 14 species of Birds obtained at the island of Montserrat.

‘P. Z. S.* 1879, p. 764.

Three others are added in a postscript.

Grisdale, T. On the Birds of Montserrat. ‘ Ibis,* 1882, pp. 485-493,
pi. xiii.

14 species.

NEVIS.

This island lies to the south-east of St. Kitts, from which it

is about two miles distant. Its area is about 50 square miles, and its

greatest elevation 3,200 feet.—Redonda is a very small island between
Nevis and Montserrat.

Botany.

Smith, Rev. W. A Natural History of Nevis and the rest of the
English Leeward Caribbee Islands. Cambridge, 1745.

Sloane visited Nevis, but made no collections there.

Zoology.

For some fragmentary observations on zoology see Smith’s work in

botany above.

PETITE TERRE (see GUADELOUPE).

PORTO RICO.

This is by far the largest of the islands in the chain eastward of
San Domingo. It is situated between 18° to 18° 30' N. lat. and 65° 35'

and G7° 20' W. long., and has an area of nearly 3,700 square miles, the

mountains rising to a height of 3,000 feet.—Mona is^ a small island lying

between Porto Rico and San Domingo.
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Botany.

At present no complete account of the botany exists, bnt large
collections of dried plants have been made, the latest by Mr. Sintenis
being perhaps the most important. Baron Bggers and Mr. Garber have
also added to onr knowledge of the flora of the island.

Dr. J. Urban, of Berlin, is preparing, with the co-operation of other
botanists, a complete * Flora of Porto Bico, San Domingo, and Cuba.*

Bello y Espinosa, Bon Domingo. Apuntes para la Flora de Puerto
Bico. * Anal. Soc. Esp. Hist. Nat.* x. 1881, pp. 231-304, xii. 1883, pp.
103-130, tt. 3.

Eggers, H. F. A. Die Poyales des oatlibhen Portorico. * Botanisohes
Centraiblatt,’ 1882, xi, pp. 331, 332.

Baillon, H. Cinnamodendron macranthum from Porto Bico. * Bulletin
de la Soci4t6 Linn^enne de Paris,* 1882, p. 317.

Heichenbach, B[. G. Orchideas coll. prim» a cl. Sintenis in Puerto-
Bico lectsB. * Berichte der deutschen Botanischeii Gesellschaft,’ iii. 1885,

pp. 274-280,
Cogniaux, A. Melastomaceaa et Cucurbitacese Portoricenses. * Jahr-

buch K. bot. Garten’ . . . Berlin, iv. 1886, pp. 276-285.
Urban, I. Marcgravia Sintenisii et Simaruba Tulsa. ‘JahrbuchK.

bot. Garten,* iv. 1886, p. 245.
Hauck, F. Meeresalgen von Porto-Bico. ‘ Engler’s Jahrbiicher,* ix.

1888, pp. 457-470.

Zoology.

Moritz, C. Notizen zur Fauna der Insel Pnertorico. ‘Arch. f. Nat.*

ii. Jahr. (1), pp. 373-392.
Account of a collector’s expedition.
Shnttleworth, B. J. Beitriige znr'naheren Kenntniss der Land- und

Siisswasser-Mollusken der Insel Portorico. ‘ MT. Nat. Ges. Bern,*

1854, pp. 33-66 and 89-103.
101 species, including several new.
Bryant, H. A List of Birds from Porto Bico presented to the Smith-

sonian Institute by Messrs. Bobert Swift and George Latimer, with
descriptions of new species or varieties. ‘ P. Boat. Soc. N. H.’ x. (1866),

pp. 248-257.
About 40 species.

Snndevall, C. J. Foglame p& on Portorico, efter Hr. Hjalmarsons
insamlingar framstallda af, ‘ Ofv. K. Vet. Ak. Forh.* xxvi. (1869), pp.
693-603.

90 species.

Bello y Espinosa. Zoologische Notizen aus Puerto Bico. ‘Zool.

Garten,’ xii. (1871), pp. 348-351.
A list of birds and remarks on other vertebrates.

Gundlach, J. Beitrag zur Ornithologie der Insel Portorico. * J. f.

Ornithol.* xxii. (1874), pp. 304-315.
116 species.

Pfeiffer, L. Zur Molluskenfauna von Portorico. ‘Mai. Blatt.* xxii.

(1876), pp. 118, 119.
S new species.

“*Peters, W. Ueber eine von Hm. Vice-Consul L. Krug und Dr, J.

Gundlach auf der Insel Puertorico gemachte Sammlung von Saugethieren
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Tind Ampbibien so wie iiber die Entwickelnug eines Batracbiers, JSylodes

martinicensis Dum. Bibr. obne Metamorphose. ‘ M. B. Ak. Wiss. Berl.*

1876, pp. 703-714, pi. i.

6 species mammalia, 19 of amphibia, 2 new.
Dewitz, H. Tagschmetterlinge von Porto Rico. ‘ S. E. Z.* xzxviii.

1877, pp. 233-245, pi. i.

85 species.

Dewitz, H. Daramerungs nnd Nachtfalter von Portorico gesammelt
von Herrn Consul Krug. ‘ Mitt. Munch, ent. Ver.* 1877, i. pp. 91-96,

Nearly 60 species, 2 new.
Gimdlach, J. Neue Beitrage zur Ornithologie der Insel, Portorico.

‘ J. f. Ornithol.^ xxYi. (1878), pp. 157-194.
A complete list including 153 species ;

many remarks.

Ridg^ay, R. Description of a new owl from Porto Rico. * P. U. S.

Nat. Mus.’ iv. (1881), pp. 366-371.
Dewitz, H. Hymenopteren von Porto Rico. * B. E. Z.* xxv. (1881),

pp. 197-208.
A list of 75 species, 12 new.
Martens, £. V, Description of two species of Laud-shells from Porto

Rico, W. I. ‘ Ann. N. York Ac.’ ii. (1882), pp. 370, 371.

Roder, V. von. Diptern von der Insel Portorico. ‘ S. E. Z,’ xlvi.

(1885), pp. 337-349.
108 species, 10 new.

. Weise, J. Beitrag zur Chrysomeliden und Coccinelliden-Fauna Porto
Ricos. ‘Arch. f. Nat.’ (2), li. (1885), pp. 144-168. Plate VIII.

51 species Ohrysomelidm, 10 of Coccinellidoa.

Quedenfeldt, G. Neue und seltnere Kafer von Porto Rico. * B. E. Z.’

XXX. (1886), pp. 119-128.
16 species, 7 new.
Stahl, A. Beitrag zur Vogelfauna auf Portorico. ‘ Omis,’ iii. (1887).

He says 154 species are now known.
Gnndlach, J. Apuntes para la fauna Puerto riquena. Primera parte,

‘ An. Soc. Esp.’ vii. (1878), pp. 135-234. Segunda parte, t.c. pp. 343-
421. Tercera parte, op. cit. x. (1881), pp. 305-350. Cuarta parte, op. dt.

xii. (1883), pp. 5-58. Quinta parte, t.c. pp. 441-484. Sexta parte,

op. cit. xvi. pp. 115-199.
This is a list of the animals of Porto Rico so far as they are at present

known
; it is still (1888) in course of publication. The lists of Mammalia,

Aves, Reptilia and Batrachia, Pisces, Mollusca, Crustacea, and Myriapoda
are completed, and the Insecta in progress. It includes also biblio-

graphical lists of the works referred to.

REDONDA (see NEVIS).

SABA.

Situated between St. Eustatius and St. Bartholomew in 17° 38' N.
lat. and 63° 12' W. long. It is about nine miles in circumference and
rises to^a height of nearly 3,000 feet.

ST. BARTHBLEMY, or ST. BARTHOLOMEW.
A small island situated a little to the south-east of St. Martin in

17° 53' N. lat, and 62° 50' W. long., and having an area of twenty-five
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square miles. The soil is fertile, but there are neither springs nor streams,
so that vegetation is entirely dependent on the season’s rainfall.

Botany.

Wikstrdm, J. E. Ofversigt af On Sanct Barthelemi’s Flora. * Eongliga
Svenska Vetenskaps Akademiens Handlingar,* 1825, pp. 411-423.

Zoology.

Stindevall, C. J. Foglame p& on St. Barthelemy, efter de af Dr.
A. von Goes hemsanda samlingama bestamde. ‘ Ofv. K. Vet. Ak. Forh.’

xxvi. (1869), pp. 579-591. *

47 species of birds.

Walleng^en, H. D. J. Bidrag till kannedom af Fjiirilfaunan p3. St.

Barthelemy. ‘ Ofv. K. Vet. Ak. Forh.’ xxviii. (1871), pp. 909-919.

35 species, a few new, of butterflies and moths.

ST. CHRISTOPHER (see ST. KITTS).

ST. CROIX, OR SANTA CRUZ.

In 17° 45' N. lat. and 64° 50' W. long., and about twenty miles from
east to west and five miles in its greatest breadth, with an area of fifty-

seven square miles. The hills average from 600 to 800 feet high, and the

highest ^oint, Mount Eagle, reaches 1,150 feet.

Botany.

Eggers, H. F. A. St. Croix’s Flora. ‘ Videnskabelige Meddelelser

fra den naturhistoriske Forening i Kjobenhavn,’ 1876, pp. 33, with a
phytogeographical map.

Eggers, H. F. A. The Flora of St. Croix and the Virgin Islands.

Bulletin of the United States National Museum, No. 13. Washington,
1879. 8vo. pp. 133.

Baron Eggers has fully investigated the flora of St. Croix, and he
tabulates it in the work cited above. There are no endemic flowering

plants, &nd the total number of vascular plants regarded as indigenous is

666. These include only three orchids, namely, Epidendrum bifidum,

E. ciliare, and E. cochleatum. Oreodoxa regia is common, and of the

only other native palm, Thrinax argentea, only one specimen was seen.

Zoology.

Newton, A. and E. Observations on the Birds of St. Croix, West
Indies, made between February 20 and August 6, 1857, by Alfred Newton,
and between March 4 and September 28, 1858, by Edward Newton.*
‘ Ibis,’ i. pp. 59-69, 188-150, 252-264, 365-379. Plates I. and XII.

64 species.

Gunther, A. On the Reptiles from St. Croix, West Indies, collected

by Messrs. A. and E. Newton. ‘Ann. N. H.’ (3) iv. (1859), pp. 209-217.

Plate IV.
5 species, two of them now ;

also a new frog from St. Thomas.
LUtken, C. En ny Vestindisk Sandorm, Arenicola (Pteroscolex)

Antillensis. ‘ Vid. Medd.’ 1864. Pp. 120-122. From St. Croix.
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Bland, T. On the Relations of the Flora and Fauna of Santa, Oruz,
West Indies. *Ann. New York. Ac.* ii. (1882), pp. 117-126. A discussion
in connection with the mollusca living and extinct in St. Croix.

ST. EUSTATIUS, or ST. EUSTACHE.
A small island lying between St. Kitts and Saba, in about 63® W.

long, and 17® 30' N, lat. It rises in a pyramidal form from the sea to a
height of nearly 2,000 feet.

ST. KITTS,. OR ST. CHRISTOPHER’S.
Situated to the north-west of Antigua, in 17® 20' N. lat. and 62® 45' W.

long., and having an area of sixty-eight square miles. Mount Misery, the
highest peak, has an altitude o^ 4,060 feet.

Botany.

‘The higher slopes of the mountains are clothed with grass, while their
summits are crowned with noyeau or ironwood, Spanish ash, red sweet-
wood, wild mahoe, snakewood, white box, dogwood, and other forest
trees.’—^Handbook of the West Indies and British Honduras, Colonial
and Indian Exhibition, 1886.

Zoology.

Lawrence, G. MT. Description of a new sub-species of Loxigilla from
the island of St. Christopher, West Indies. ‘ P. U. S. Nat. Mus.* iv.

(1881), p. 204.

ST. LUCIA.

One of the most picturesque of the Windward Islands, situated south
of Martinique, in 14® N. lat. and 61° W. long. It is forty-two miles long
and twenty-one in its greatest breadth, with an area of 243 square miles.
The greatest altitude is about 3,300 feet, and here, as in St. Vincent,
there is a ‘ souffiriere,* or sulphur mountain.

Maria, Gros, and Pigeon are adjacent islets.
^

Botany.

There is no complete account of the botany of this island. Grisebach
saw very few plants thence, including a solitary endemic.species.

‘Report ilpon the Forests of St. Lucia.* By E. D. Hooper, Indian
Forest Department Colonial Office, 1887.

Zoology.

Tyler,, B>. E. Notes on the Serpents of Santa Lucia^. ‘ P. Z. S.* 1849,
pp. 100-104.

4 species.

Tyler, R. £. On the Iguana of Santa Lucia. ‘ P. Z. S.* 1850, pp.
106-110.

Description and habits.

Sclater, P. L. On the Birds of the island of Santa Lucia, West
Indies. ‘ P. Z. S.* 1871, pp. 263-272, pi. xxi.
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20 species, and a valuable summary of the work that had been done
at the avifauna of the Lesser Antilles up to that date.

Semper, J. E. Observations on the Birds of St. Lucia, with notes by
P. L. Sclater. * P. Z. 8/ 1872, pp. 647-^53.

0 species added to the former list.

Solater, P, L. On some additional species of birds from Santa Lucia,
West Indies. * P. Z. 8/ 1876, pp. 13, 14, pi. ii,

8 additional species, including a new genus and 2 new species.

Allen, J. A. On the Birds ot* Santa Lucia, West Indies. * Bull. Nutt.
Om. Club.* V. (1880), pp. 163-169.

Adds 16 species to the list.

Aclater, P. L. Notes upon some West Indian Birds. ‘Ibis * (4), iv.

(1880), pp. 71-75. Plate I.

One new species from Santa Lucia.

Eidgway, E. Description of a new Warbler from the island of Santa
Lucia, West Indies. ‘ P. U. S. Nat. Mus.* v. (1882), pp. 625, 526.

Cory, C. B. Description of a new species of Ehamphocinclus from
St. Lucia. * Auk,* iv. (1887), p. 94.

ST. MARTIN.

^To the south of An^illa, in 18® 4' N. lat. and 63® 6' W. long., and
having an area of thirty square miles and an elevation of nearly

2,000 feet.—Tintamarre is an islet on the north-east side of St. Martin.

ST. THOMAS (SEE VIRGIN ISLANDS).

ST. VINCENT.

This island is in 13° 10' N. lat. and 60® 57' W. long., and is about
eighteen miles long by eleven broad, with an area of 140 square miles.

Surface mainly undulating and suitable for cultivation
;
but the extinct

volcano, called the Souffriere, in the north, rises to a height of 3,700
feet, and the Morne a Garou to 4,000 feet. The road to the Souffriere

is described as being embroidered with flowers, such as begonias and
orchids, and groves of magnificent tree-ferns abound.

Botany. *

Ouilding, Lansdown. An account of the Botanic Garden in the

island of St. Vincent, Glasgow, 1825. 4to, pp. 47, with three coloured

views in the garden and a plan.

Report upon the Forests of St. Vincent. By E. D. M. Hooper, of the

Indian Forest Department, Colonial Office, 1886.

Jacquin collected in St. Vincent, and the Rev. Lansdown Guilding

made considerable collections of dried plants between 1820 and 1830 and
transmitted them to Sir William Hooker; but as he was a zoologist

rather than a botanist, it is probable that he did not exhaust the flora.

Grisebach describes twelve endemic plants, a larger number than

known to him from all the rest of the chain of islands, excluding Dominica,

from Tobago to Antigua.
Guilding’s history of the foundation (1765) and progress of the botanic

garden of St. Vincent is an interesting and valuable record. It was here
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that Captain Bligh landed the best portion of his cargo of plants of the
breadfruit early in 1793.

Zoology.

Gluilding, L. Description of a new species of O'nchidinm. * Tr. Linn.
Soc.’ xiv. (1825), pp. 322-324. Plate IX.

From St. Vincent.

Guilding, L. An Account of some rare West Indian Crustacea. ‘ Tr.
Linn. Soc.* xiv. (1825), pp. 334-338.

7 species. The localities mentioned are St. Vincent and the * Carib-
bean Sea.*

Guilding, L. On some ^of the Terrestrial Mollusca of the West
Indies. ‘ Tr. Linn. Soc.* xiv. (1825), pp. 339-341.

4 species from St. Vincent.
Guilding, L. Mollusca caribbasana. ‘ Zool. Journ.* ii. (1826), pp. 437-

444. Plate XIV.
A few new species from St. Vincent, including Peripatus juliformis

which is figured

Walker, F. Descriptions of Chalcidites, discovered in St. Vincent*s
Isle by the Rev. Lansdown Guilding. ‘ Ann. N. H.* xii. (1843), pp. 46-48.

8 new species.

Lawrence, G. IT. Catalogue of the Birds of St. Vincent, from 6ol-
lections made by Mr. P. 0. Ober under the direction of the Smithsonian
Institute, with his notes thereon. ‘ P. IT. S. Nat.Mus.* 1878, pp. 185-198.

59 species.

Lawrence, G. N. Description of seven new species of Birds from the
island of St. Vincent, West Indies. ‘Ann. New York Ac.* i. (1879),
pp. 147-153.

Lister, C. E. Field-notes on* the Birds of St. Vincent, * Ibis * (4), iv.

1880 pp. 38-44.

32 species.

^^PPy» Terrestrial Mollusca of St. Vincent. ‘ P. Sci. Assoc.
Trinidad,’ Part XII. (1881), pp. 164-166.

16 species.

SANTA CRUZ (see ST. CROIX).

* SOMBRERO.
A small island lying between Anguilla and the Virgin Islands.

Nothing has been published on its vegetation.

. Zoology.

Lawrence, G. N. Catalogue of Birds collected at the island of Som-
brero, W. I., with observations by A. A. Julien. ‘ Ann. Lyc. N. Y.’ viii.

(1867), pp. 92-106.

34 species.

TOBAGO.
The most southerly of the windward group of the British West

Indian Islands, lying in about 11® 9' N. lat and 60® 12' W. long.,
and about twenty miles from Trinidad. It is twenty-six miles' long by
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S6V611 and a half broad, with an area of 114 square miles, and is monn-
tainons and pictnresqne, the maximum elevation being 1,800 feet. There
are no rivers nor streams navigable by even small boats, hence the virgin
forest of the central mountain ridge remains intact. It is estimated that
there are forty square miles of forest under valuable timber, and probably
thirty under wood, of no great value except as fuel.

Botany.

Meyer, G. L. A Botanist’s House in Tobago. * Gardeners*
Chronicle,* n. s. xiv. p. 456, with a view. ‘ A fragment.

Little is known of the botany, but that* little points to a luxuriant if

not a very varied flora. Mr. G. L. Meyer resided some months in the
island, but he was only able to dry a few plants that grew near his

dwelling
;

yet out of thirty-two species two or three at least were
previously unknown.

Zoology.

Jardine, Sir W. Birds of Tobago. ‘ Ann. H. H.* xviii. (1846), pp.
114-121

;
xix. (1847), pp. 78-83; and xx. (1847), pp. 328-334 and 370-

378.

TORTOLA (SEE VIRGIN ISLANDS).

I

VIRGIN GORDA (see VIRGIN ISLANDS).

VIRGIN ISLANDS.

A cluster of islands lying to the east of Porto Rico, between
18° to 18° 60' N. lat. and 64° 20' and 65° 40' W. long. The principal

islands are Vieques and Culebra belonging to Spain, St. Croix, St. Thomas,
and St. Jan belonging to Denmark, and Virgin Gorda, Anegada, Jost

Van Dyke, Tortola, and Peter’s Island belonging to England. The area

of the larger islands is only from sixteen to forty square miles, and the

greatest elevations are 1,780 feet in Tortola and 1,550 feet in St. Thomas,
St. Jan, or St. John, and Virgin Gorda being a little lower, whilst in the

western Culebra and Vieques the hills are only 500 to 600 feet high.

Anegada, as its Spanish name implies, is half submerged, or rather ele-

vated only a few feet above the level of the sea.

St. Croix is much the largest island, and its natural history has been

separately discussed and contrasted with that of the smaller and more
contiguous islands (see p. 459).

^
*

Among the smaller named islands of this group are Cockroach,

Savana, Tobago, Frenchman’s Norman, Peter, Ginger, Guano, and
Camanoe. > . ^

Botany.
'

Knox, J. P. An historical account of St. Thomas, W. I., with

notices of St. Croix and St. John. New York. 1852. 271 pp.

The chapter on zoology is very slight and unimportant, though there

is * a complete list * of the plants of St.. Thomas.
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West, H. Bidrag til beskrivelse over St. Croix med en kort udsigt

over St. Thomas, St. Jan, Tortola, Spanishtown og Orabeneiland. Copen.
hagen, 1793. 8vo. Vegetation of St. Croix and St. Thomas described,

pp. 259-336.
Krebs, £. Bidrag til St. Thomas* Flora. ' Elreyer Natnrhistorisk

Tidsskrift,* ii. (1846-49), pp, 291-302.

Eggers, H. F. A. The Flora of St. Croix and the Virgin Islands.
‘ Bulletin of the United States National Museum.* Washington, 1879.
8vo, pp. 133.

Baron Eggers* enumeration is based mainly on plants from St. Croix
and St. Thomas. He has 783 indigenous plants from the Virgin Islands,

against 666 from St. Croix. •There is almost no endemic element, and
nearly all the plants are common to Porto Rico. Eggeraia, Hook, f. (in

Hook, Ic. PJ. t. 1401), a new genus of Nyctaginero, discovered by Baron
Eggers in the island of St. Thomas, is an interesting exception, so far as
is known at present, but it may occur in Porto Rico.

Zoology.
See Knox in botany above.

Forel, A. Die Ameisen der Antilie St. Thomas. * Mitth. Munch, ent.

Ver.* V. (1881), pp. 1-16.

13 species, four being new.
Bland, T. Note on the geographical distribution of the terrestrial

Molluscs which inhabit the island of St. Thomas. ‘Ann. Lye. New York,*
vi. (1858), pp, 74, 75.

Shnttleworth, B. J. Catalogue of the terrestrial and fluviatile shells

of St. Thomas, West Indies. ‘Ann. Lye. New York,* vi. (1858), pp. 68-73.

42 species.

Cassin, J. Catalogue of Birds from the island of St. Thomas, West
Indies, collected and presented to the Academy of Natural Sciences by
Mr. Robert Swift. ‘ P. Ac. Sci. Phil.* 1860, pp. 374-379.

27 species.

Gunther, A. (See St. Croix.)

Snellen, P. C. T. Opgave der Geometrina en Pyralidina in Nieuw
Granada en op St. Thomas en Jamaica verzameld door von Nolcken,
‘ Tijdschr. Ent.* xvii. (1874), pp. 1-108, and xviii. (1875), pp. 187-264.

The species from St. Thomas are not specially pointed out.

Kirby, W. F. On the Hymenoptera collected during the recent

expedition of H.M.S. ‘ Challenger.* ‘ Ann. N. H.* (5), xiii. (1884), pp.
402-413.

5 species from St. Thomas.
Butler, A. G. The Lepidoptera collected during the recent expedition

of H.M.S. ‘ Challenger.* Part II. ‘ Ann. N. H.* (5), xiii. (1884),. pp.
18fcl88.

From St. Thomas and Bermuda, 19 species from the former.

Bathbnn, B. Report upon the Echini collected by the United States

Fish Commission steamer ‘ Albatross * in the Caribbean Sea and Gulf of

Mexico. ‘ P. U. S. Nat. Mns.* viii. pp. 83-89, and 1. c. pp. 606-620.

A few species from St. Thomas.
Smith, £. A. An account of the Land and Fresh-water Mollasca

collected during the voyage of the ‘ Challenger.* ‘ P. Z. S.* 1884, pp.
258-281. \

P. 277 gives a list of 6 species from St. Thomas.
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Second Report on our Experimental Knoivledge of the Properties

of Matter with respect to Volume^ Pressure^ Temperature, and
Specific Heat, By P. T. Main, M,A,

Since the first part of this report was written further investigations have
been made on some elements and compounds with the view of defcer*

mining the variations in vapour-density with rise of temperature, and
the molecular weights of bodies.

Valour-density Determinations,

In a paper contributed to the Royal Society of Edinburgh, July 18,

1887, Dr. A. Scott, using a modified form of V. Meyer’s apparatus,

described in a paper published in 1879,* obtains the vapour-densities, at

high temperatures, of a number of elements and compounds, and deduces
the molecular weights given below :

—

Na, K, Hg, S 2 ,
Csl, CsCl, Rbl, RbCl, KI, AgCl, PbCl^, MnCla, FeCla,

CrCla, CdBra.
A table is given showing the theoretical numbers side by side with the

experimental.

Vapour‘densities of Nitric Oxide ; and of Antimony,

In 1886* Mensching and V. Meyer found that zinc had, at very high
temperatures, vapour-densities, such that Zn is the molecule of zinc, so that

mercury, cadmium, and zinc all consist of monatomic molecules in the

gaseous state ; magnesium they did not succeed in volatilising
;
but with

germanium, the boiling point of which is not far from that of zinc

according to Winkler, they hope to be more successful.

In 1887 ^ they found that at a low temperature, viz., at 100°, nitric

oxide has the same vapour-density (relative) as at higher temperatures,
the contraction of the air in an air-thermometer and of the gas in a thermo-
meter filled with nitric oxide instead of air being precisely the same, as the
air and the gas were cooled equally.

In ‘ Chem. Soo. Trans.’ 1887, p. 397, Dr. A. Richardson shows that,

whereas the dissociation of nitric peroxide into NO 2 molecules is com-
plete at 140°, a further dissociation of the NO 2 begins immediately at

higher temperatures, and is completed at 620°, the products being nitric-

oxide and oxygen ; the density at 620° being two-thirds that at 140°.

Mensching and V. Meyer,^ having found that at a white heat

the vapour-densities approached those corresponding to the molecular

weights P2 , As 2 for the elements phosphorus and arsenic, without,,

however, quite reaching the values required, found at the highest tempe-
ratures vapour-densities for antimony which were less than for the

formula 863 ;
but, as they did not arrive at any temperature at which

the coefficient of expansion and the vapour-density remain constant,

they were unable to decide whether Sb2 or Sb is the molecular weight
of antimony.

* Proo. Roy. Soo. London, 32, 1879. * Bor. 19, p. 3296.
» Ber. 20, p. 1832. lUd. 20, 1887, p. 1833.

1888.
.. ^ ^
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Vd'pour•densities of Alwminium Chloride,

Nilson and Pettersson ^ found for alnmininm chloride at temperatures

from 440® to 1260° vapour-densities varying from 7*789 to 4*277, the

density decreasing very rapidly from 440° to 760°, and still diminishing

regularly, till at about 1100° it remained nearly constant up to 1260°,

the value between these temperatures being somewhat lower than that

required by the formula AICI3 on account of the platinum of the ap-

paratus being attacked by the chloride at these high temperatures. The
result of their observations showed that at no range of temperatures at

which the chloride was entirely gaseous was the formula AI2CI6 appli-

cable. They adopt, thereforb, AICI3 as the formula.

Vajpour- densities of Aluminium-ethyl and -methyl,

L. Boux andE. Louise® find, for aluminium-ethyl (boiling at 195°-200°),

vapour-density 8*1 at 235°, 6*2 at 258°, 2*5 at 310° and at 350°. The
first number corresponds to the formula Al2(C2H5)6, and the last to less

than one-third of it. The authors conclude that the true formula is

Al2(C2H5)e, and that the diminution of density is due to some cause

unknown at present.

Again, the same authors ^ find vapour^densities of aluminium-
methyl by V. Meyer’s method, obtaining 5*1, 4*75, 4*6, 2*4, 1*8 for

densities at the temperatures 182°, 216°, 310°, 340°, 440°
;
the theoreti-

cal density of the vapour for the formula Al2(CH3)6 is 5*02, which they

consider to be approximately reached at 310°
;
as to the diminution of

vapour-density at higher temperatures, they find that that is due to a
decomposition of the compound into aluminium, olefines, and hydrogen.

At the end of a paper on some vapour-densities by W. Griinewald and
V. Meyer,^ they say that Roux and Louise have given to aluminium-
ethyl the formula Al2(C2H5)6 without, as seems to them, adequate proof

;

and that from investigations on aluminium-methyl they have come to

the conclusion that no molecule with the formula Al2(OH3)(j exists at

any temperature.

Vajpour-densities of Stannous Chloride and Cuprous Chloride,

Using a form of air-thermometer described* by Goldschmidt and V.
Meyer,® Biltz and V. Meyer find the boiling-point of stannous chloride to

be 606*1.® For this compound Meyer had, in conjunction'with C.
Meyer, also with Ziiblin,^ found two molecular formules Sn2Cl4 and
SnCl2 for different temperatures. Biltz and V. Meyer, on making a fresh
series of observations with very accurate determinations of the tempera-
tures at which they were made, found that there was ho range of tem-
perature at which tlie vapour-density becomes constant, corresponding to

a molecular formula Sn2Cl4, but tnat the vapour-densities at

temperatures 639°
;
678°

;
699°

;
759°*6

;
790°

;
1113°

are . . 8*34
j

8*57
;
8*49

;
8*26

;
7*7; 7*08

* Zeitichr. f. Phys. Chem. 8, p. 459 ; Ber. 20, 1887, Ref. 623,
* C. R. 106, 73, 1888 ; Rer. Ref. 1888, p. 126.
» C R. 106, 602 ; Ber. 1888, Ref. 210. < Ber. 21, 1888, pp. 687 -701.
» Ber. 16, 1882, p. 141. • Ber. 21, p. 22.
’ Ber. 12, 1879, p. 1195 ; and 13, 1880, p. 811.
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For Sn2Cl4 the density would be 13*06, and for ^nCl^, 6*53.^ The
molecular formula for stannous chloride is inferred to be SnClj.

The molecular formula OU2CI 2 remains unaltered at the highest tem-
peratures used by Biltz and Y. Meyer.

Vapour-densities of Ferric Chloride.

Next appears a paper by Griinewald and V. Meyer,® in which these

authors attempt to find the vapour-densities of ferric chloride at high
temperatures with the view of deciding whether these indicate a molecule
Fe2Cl6 at any temperature-range, and whether there is a molecule FeCla.
For this purpose they make a series of dete^rminations at the tempera-
tures of boiling sulphur, 448°, boiling phosphoric sulphide, 518°, and boil-

ing stannous chloride, 606°. At the temperature of boiling sulphur the
ferric chloride was volatilised slowly and completely, and its vapour-
density, from the mean of four determinations—10*675, 10*550, 10*227,
10*487—was 10*487 at 448°

;
now the vapour-density for Fe2ClG would

be 11*2, which is greater than this mean result and than either of the
individual numbers. The authors say that determinations at even
slightly lower temperatures are inadmissible, for the temperature of
volatilisation must be very close to 448° (see Friedel and Crafts further

on). At 518° they found 9*569 for the vapour-density as the mean of
three determinations

;
but they found that even at this temperature about

one-tenth part of the ferric chloride had been converted into ferrous

chloride and chlorine, the ferrous chloride being much less volatile than
the ferric

;
the vapour-density would be that of the ferric chloride remain-

ing as vapour together with the chlorine.

At 606°, that is, by heating in the vapour of stannous chloride, the
six experiments at this temperature gave a mean result 8*383

;
about one-

eighth part of the ferric chloride w^as decomposed.
At about 750° in a Perrot’s furnace the mean of three experiments

gave 5*436
;
but here about a third of the ferric chloride was decomposed

into ferrous chloride and chlorine.

At 1077° experiment gave 5*307
; while at 1036° it gave 4*915, the

larger number for the higher temperature being due to volatilisation of
some of the ferrous chloride.

At about 1300° the numbers found by two vapour-density determina-
tions were 5*155 and 5*115.

It is seen that no temperature at which the vapour-density was deter-

mined in the above experiments, in which ferric chloride was volatilised

in an atmosphere pf nitrogen, gave the vapour-density 5*6, corresponding
to the formula FeClj ;

and in such experiments it is hopeless to expect it,

as the ferric chloride at high temperatures is decomposed into chlorine

•and ferrous chloride
;
but, as the only conclusion which is consistent with

their experiments, the authors infer that there is no molecule Fe2ClG, and
that FeCls is the only formula for ferric chloride.

Experiments in an atmosphere of chlorine do not modify this

conclusion.

It is noticeable, however, that at about 448° the vapour-density is in

some determination# over 10*6, while the formula Fe2Cl6 requires 11*2,

which is but little larger. The possibility of the coexistence of Fe2Cl6

* Beil. 1888, p. 412 ; and Naohr. d, hgl, Qes, d. Wtse, Gottingen, 2, 1888, p. 19.
* Ber. 21, 1888, p. 687.
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molecules witli FeCls molecules at temperatures above the volatilisation*

point of ferric chloride is, therefore, an hypothesis for which there appears
at present to be no sufficient experimental proof

;
but the cases of acetic

acid and nitric peroxide are somewhat similar, and in the latter case

Bamsay has by Raoult’s method found,' besides the formula NO2 at high
temperatures, that there is a formula ^*304 for low temperatures, although
the vapour-densities at low temperatures above the boiling-point are
always intermediate between those required by the two formulro.

Vapour-densities—Friedel and Crafts.

In Crafts* study relative, to the vapour-density of iodine ^ he showed
that, contrary to the opinion of V. Meyer at that time, the results got by
V. Meyer’s process must differ from those by Dumas’ process, where in

the former process the vapour-density can vary with the tension i.e.y

vapour-pressure (of the iodine), as well as when there is dissociation.

Thus, in V. Meyer’s process it is generally conceived that the substance
which is volatilised in the vapour-pressure cylinder acts by forming a
more or less dense layer of vapour at the bottom of the cylinder, which,
expanding rapidly, acts like a piston in expelling a quantity of (generally)

nitrogen, the volume of which at the high temperature employed is equal

to that of the expanded vapour. If, however, the temperature is very
much above the boiling-point or the volatilising-point of the substance
vapourised, the conditions are different, the vapour diffusing to a con-
siderable extent in the space occupied by the nitrogen

;
in this case there

is no longer reason to expect that the volume of the nitrogen expelled

measures the amount of the substance volatilised in the manner contem-
plated by V. Meyer’s method.

Troost ® had found a variety of different densities of iodine-vapour at
400°, and at pressures varying from 768 mm. to 34 52, these densities

varying from 8 70 to 7*35, the density corresponding to Ig compared
with air being 8*8

;
and attributed these results to a deviation from

Gay-Lussac’s law of dilatation.

Now Crafts admits a difference of the vapour-density due to reduction
of vapour-pressure by diffusion, the diffusion having the effect of increas-

ing its volume, diminishing its pressure, and thus bringing it nearer to
the state of a gas considerably above its boiling-point at the rleduced

pressure, and more nearly to the state of a perfect gas
;
the results of

Crafts and Meier in one set of experiments for iodine were obtained by a
modification of Dumas’ method, the globe being filled partly with air,

partly with vapour of iodine, the vapour-pressure of the iodine in some
of the experiments being a tenth of an atmosphere. In correctly calcu-

lating from the experimental results the densities of iodine-vapour,

account has to be taken of the deviation of iodine from Boyle’s and Gay-
Lussac’s laws ; but Crafts and Meier ^ found that at the reduced pressure

the rate of dilatation from 356° upwards was the same as that of air.

The vapour-densities (referred to air at the same pressure and tempera-
ture) at still higher temperatures were attributed by him to a gradual
dissociation, the rapidity of which was increased by diminished pressure,

as happens in the case of Friedel’s hydrochlorate of ftiethyl oxide, and as

shown by Lemoine for HI.

^ a 8. J. 1888, 621.
» C. R. 91, 1880, p. 64.

* a R. 92, 1881, p. 39.
‘ <7. R. 92, 1881, p. 39.
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Acting on the principle which Crafts and Meier had nsed for iodine-

rapour, Friedel and Crafts * obtained for alnmininm chloride, by acting

under diminished pressure, a range of comparatively low temperatures
(218® to 433°), during which this body had a coefficient of dilatation

nearly the same as that of air—^not deviating more than CO2 does. By
the modification of Dumas’ process they found vapour-densities through ^

out this range of 215 degrees varying between 8*31 and 9*93, the higher
and lower values being indiscriminately scattered through this tempera-
ture-range. Now the value which Deville and Troost ^ had found was
9*35, corresponding to AI 2CI 6 ;

and Friedel and Crafts found this to be
practically constant from 218° to 433°. Within this range, therefore,

they assume that AI 2CI6 is not dissociated into molecules AICI3.

No fewer than twenty-one determinations were made for determina-
tions of vapour-densities within these limits of temperature.

Thus, though Nilson and Pettersson have proved that AlCla is the
molecule at very high temperatures, it is proved that aluminium chloride

at lower temperatures can exist in the gaseous state as made up of AI 2CIQ

molecules.

The same authors (Friedel and Crafts®) find that ferric chloride in an
atmosphere of chlorine was not dissociated at 440°, no deposit of crystal-

lised ferrous chloride being visible even at that temperature. Having
determined the densities of chlorine gas at difieront temperatures, and its

coefficient of dilatation, they used this as the gas with which vapour of

ferric chloride was made to mix in the modification of Dumas’ method.
The results deduced by them for the vapour-density of ferric chloride

between 321°*6 and 442°*2 were as follows:

—

temperatures 321°*6
;
325°*2

;
356°*9

;
357°

;
442°*2

;
442°*2

densities. .11*41; 12*47; 1204; 11*85
;
11*6G

;
11*30

The number for Fe2Cl 6 is 11 25.

Again, the same authors * find for gallium chloride (B.P. 215°) in the

same way 11*73 at 237°
;
Lecoq de Boisbaudran had found 13*4 at 247°,

and 11*9 at 273°
;
the theoretical density for Ga2Cl 6 is 12*2, which holds

approximately from about 237° to 273°
;
the boiling-point is about 215° :

hence between these temperatures gallium chloride is Ga^CJg, which at

higher temperatures dissociates into GaCla molecules.

Friedel and Crafts remark that AlQClg, Ga2Cle, In 2Cl 6 are more readily

dissociated into the smaller molecules the higher the atomic weight of

this group of metals.

Vapour-densities of Sulphur—Biltz,

Finding that the tendency of investigations on vapour-densities is

apparently to give simpler molecules to some compounds, such as alu-

minium chloride, to which Deville and Troost had given the formula

AI2GI6 ,
and to replace the formula Sn2Cl4 by SnCl2 ,

Fe2Cr6 by FeCla,

Biltz undertakes® to examine sulphur with the view of deciding whether

its vapour-densities give at any temperature-range the formula Sg, and
whether they confirm the formula S2 at higher temperatures. For this

purpose he uses the form of apparatus which had been used by Griine-

» a It. 106, 1888, p. 1764. » Ann. Cldm. PU. 3, 68, 1860, p 267.
• a It. 107, 1888, p. 301. .

< Loo. eit.

* Ber. 21, 1888, p. 2013.
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'wald and V. Meyer for ferric chloride, and makes determinations at the

temperature of boiling stannous chloride, 606®, which give a mean value

8*

6. Now Dumas and Mitscherlich ^ had found—Dumas for temperatures
606® to 624® values 6*512 to 6*581 nearly constant during interval of

temperature 18®
;
Mitscherlich 6*9 at 508® (?) ;

the very wide difference

between these results and 3*6 for vapour-density of sulphur at a tem-
perature not very far removed, and the insufficiency of Dumas* and
Mitscherlich’s proof of Sg, their temperature interval being much too

email—these considerations led Biltz to determine, at the temperature
518® of boiling phosphoric sulphide, the density by Dumas* method

;
this

gave, as a mean result of several nearly agreeing determinations, the

value 7*0. By the same method he obtained a nearly constant value
4*7 at 606® in vapour of boiling stannous chloride.

The values by Dumas* method were constant in different deter-

minations at the same temperature, and gave higher results than those

given by V. Meyer’s method of replacement by nitrogen.

Biltz made a series of experiments by the nitrogen-displacement

method at the mme temperature 518°, but varying the* amount of the
substance, and obtained (p. 2016) a series of thirteen results, in which,
while the amount of substance varied from *1067 gram to *0450 gram,
the density found varied regularly from 7*104 to 4*509. These results

are due, according to Biltz, to the greater or less dilution of the vapour
of the substance with nitrogen, the observed density being less ‘the less

the amount of substance, and thereby the more the amount of dilution.

He brings forward as instances of this effect of dilution Horstmann’s
experiments * on acetic acid, Meier and Crafts on the densities of vapour
of iodine,® and V. Meyer and G. Danger’s^ experiments with bromine
vapour. Moreover he himself confirms this explanation by making
vapour-density determinations by Dumas’ method, but leaving in the
vapour-density vessel a mixture of nitrogen with sulphur vapour, and
obtaining thus, at the same temperature, different values for the vapour-
density of sulphur, as before. By experiments by Dumas’ method in a
series of vapour-densities at intervals from 467*9° to 606°, nearly equally
divided among ten determinations, results were obtained varying from
7*937 to 4*734; but these gave no constancy for vapour-density cor-

responding to Sg through any range of temperature, as may be seen from
a graphic representation of the results.

By varying the method used and by making a series of observations
over a considerable range of high temperatures he finds constant results

only for Sj.

Biltz continued his investigation into the influence of the size and
shape of the vessel on vapour-density determinations

;
® and in another

article ® he has described a new method of taking the vapour-densities of
volatile chlorides.

The method consists in heating the metal in an atmosphere of chlorine,

and thus forming the chloride by absorbing chlorine, the amount of
which by volume is either equal to, greater than, or less than, the volume
of the product according to the volume of chlorine in the molecular

* Ann. Chim. Ph. [2], 60, 1832, p. 178 ; and 66, 1834, p. .31.

* Per. 3, 1870, p. 78. » C. R. 1881, p. 181.
*• Pyroohem. Untermch. BrannsoJtweigt 1886. * Ser. 21, 1888, p. 2772.
* Loo. cit. p. 2766.
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weight of the chloride ;
the change of volume of the chlorine (if any)

was measured by a method first used by Crafts.

In the other paper mentioned Diltz discusses the effect of using
smaller and smaller quantities of substance with larger vessels in vapour-
densities in reference to cases in which at the same temperature different

values are obtained, due either to dissociation, or to expansion towards the
perfectly gaseous state.

Yapour•density of Hydrofluoric Acid,
%

Gore has found that the volume of hydrofluoric acid obtained by
passing hydrogen over heated silver fluoride was, when measured at about
100°, twice that of the hydrogen which went to form it

;
hence that the

formula of hydrofluoric acid is HF, where F is 19 ;
but that at lower

temperatures the volume of hydrofluoric acid diminished rapidly with
diminution of temperature in comparison with the hydrogen.*

Mallet determined the density of hydrofluoric acid at 30*5°, and found
it to correspond to the molecular weight 39 32 at that temperature,

nearly the number for H2F2
.^

Thorpe and Hambiy ® find that at fourteen temperatures ranging at

short intervals between 26*4° and 88*3° the densities correspond to

molecular weights ranging from 51*19 at 26*4° to 20*58 at 88*3°, there

being no range of temperatures corresponding to a formula H2F2 ;
they

therefore consider the case similar to that of acetic acid, and that the only
molecular formula is HF,

The vapour-density determinations by Nilson and PetterssQn, by V.
Meyer in conjunction with others which have just been referred to,

of sulphur by Biltz, of nitric peroxide by Ramsay, of hydrofluoric acid

by Thorpe, of aluminic, ferric, and gallic chlorides by Friedel and Crafts,

have had for one of their objects that of ascertaining whether certain

supposed more complex formulae assigned to an element or a compound
could be maintained on investigation in cases where thp body in the

state of gas at higher temperatures was known to consist of simpler
molecules. In some of the cases the answer from experiment has been
that there is no longer reason from vapour-densities to believe in the
more complex molecular groupings, as in the case of sulphur

;
while in

other cases, e.^., iodine, nitric peroxide, there seems no room to doubt
that the body exists in two distinct states, in one of which the gas or

vapour consists of molecules of half the mass of the molecules of the
body in the other state

;
to this case there may be added the case of

the chlorides examined by Friedel and Grafts. Acetic acid and nitric per-

oxide have.some similar characters in reference to the vapour-densities of

the saturated vapours from their liquids, and to the behaviour of equal

volumes in relation to pressure and temperature, as shown by Ramsay
and Young ;

and it remains to be seen whether acetic acid does not con-

sist at low temperatures of molecules in which are combined two of the

molecules of acetic acid at moderately high temperatures.

In the case of bodies which are dissociated by heat the dissociation is

gpradual, and in general although not always the temperature-range from
the beginning to the end of the dissociation is considerable ;

this seems
to be the distinguishing feature of bodies undergoing dissociation, and

* PkU, Trans, 1869, p. 173, * Amer, Chem. Joum, 3, 1881, p. 189.
• C, 8, J, 1888 j Trans, p. 766.
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is exhibited in the case of iodine, whose two-atom molecules undergo by
heat dissociation, which is gradually brought to completion after passing

through more than 300° under ordinary conditions.

When bodies in the state of vapour are heated and found to have, not

far from their boiling-points, vapour-densities corresponding to dehnite

molecular weights, we have in by far the ma,jority of cases no dissociation,

and these are the molecular weights of the compounds
;
the contrast

between these cases and the preceding is in the short temperature-range

from the boiling-point at which a constant (relative) vapour-density has
been arrived at. *

It is the force of general considerations such as these that makes one
hesitate, in cases such as that of sulphur, antimony, aluminium chloride,

ferric chloride, in which the simpler formul® S 2 , Sba (?), AICI 3 , FeCls are

not attained until a temperature has been reached very far above the
volatilising or boiling-point, before assuming that we are simply dealing

with vapours which do not attain the approximately gaseous state for an
extraordinarily long interval above the temperature at which they boil or
volatilise.

Although positive proof may be absent of the existence of more
complex molecules, it may be that at intermediate temperatures there

exists, mixed with the simpler molecules, a larger proportion of more
complex molecules as the temperature sinks from the point at which the

simpler molecules exist alone.

The alternative to some such supposition is that Gay-Lussac’s law,

as a purely physical law, has a few recently discovered very remarkable
exceptions in the case of bodies, some of which have not very high
boiling or volatilising points

;
that certain bodies, in fact, expand for a

very long range of temperatures much more rapidly than Gay-Lussac’s
law requires.

In the Bakerian Lecture, May 1887, Professor J. J. Thomson gives an
account of the ejffect of passing the electric discharge, by sparks or by
the silent discharge, through the vapours of iodine, bromine, nitric

peroxide, and chlorine. An abstract of this paper is given in the ‘ Proc,
Roy. Soc.’ 42, 1887, p. 343. Among the results obtained is that in a
tube exhausted of air and containing vapour of iodine, maintained at a
temperature 214° the vapour-density of the iodine is diminished from
130 (H=l) to 84; this result, which was a permanent change, lasting at
least for several hours, was produced by direct heating by Crafts and
Meier at a temperature estimated by them at 1400°.^ The effect of
sparking bromine vapour is transient, but while it lasts produces a con-
siderable increase of pressure, due, as Professor Thomson thinks, to
a transient dissociation of bromine molecules. The vapour-density
determinations in these experiments * showed that bromine vapour is

dissociated if it is heated for a long time at a low pressure, even though
the temperature is not very high.’ He makes the remark—which seems
to be of great importance, in determinations of vapour-densities, in all

cases where molecules may be undergoing dissociation-*-tbat * for experi-
ments on vapour-density the gas should be maintained ' at a constant
temperature for some time before the experiments are made.’ The
neglect of this precaution may not unlikely account for a number of
discrepancies between different experimenters, or the same acting under

^ C. R. 90, 1880, p. 690,
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different conditions, in respect of the temperatures corresponding to

vapour-densities.*

In the case of iodine the striking feature is the fact that it can remain
for some considerable time at ordinary temperatures in a state in which
a large proportion of the two-atom molecules are dissociated.

In the first part of their report, p. 22, 1886, experiments with solid

and liquid benzene by W. Fischer ^ were alluded to, from which Fischer

constructed curves for the vapour-pressures at different temperatures in

the neighbourhood of the melting-point of solid benzene
;
but the curves

for solid and liquid benzene did not, as they should, meet at the melting,

point of the solid.

Ramsay and Young have since shown® that Fischer’s experimental
results were sufficiently accurate, but the construction of his curves was
at fault

;
for the curves could not be accurately drawn from the forraul®

he used. On calculating the constants in a Biot’s formula p=a-f 6a^ the

calculated results were more nearly than those found by Fischer’s formula
in agreement with his experimental results

;
and in particular near the

melting-point Fischer’s recalculated numbers are found to bo in close

accordance with Ramsay and Young’s
;
indeed, the agreement is so close

as to afford a strong presumption of the purity of the benzene used in

both cases.

Specific Heat and Temperature,

When a mass m of a body is raised from temperature to tempera-
ture ^2 >

under given conditions, the amount of heat consumed in the

process being Q, the quantity - is called the mean capacity of the

mass for heat between those temperatures
;

for example, if t^ be 0®

and ^2 = then Q/< is the mean capacity for heat between 0® and t°

of the mass m of the given body under the conditions. If, now, for all

temperatures from 0® to beyond if, Q should be found to be propor-

tional to /, then Q/^ is the capacity for heat of mass m of the body for

each degree from 0° to i®, where t is any temperature whatever within
the limit

j but if, as is in general the case, Q/^ varies as t varies, then this

ratio gives no information as to the capacity for heat for the various tem-
perature-intervals between t^ and <2 >

gives for the whole interval ti

to ^2 fhh mean heat-capacity of mass m.
The mean capacity for heat for unit mass for interval It^ called the

1 20
mean specific heat, is — —

,
where is the heat consumed in raising

the temperature of mass m of the body under the given conditions from
tiot + lt\ and, as the capacity for heat increases usually with the tem-

perature, and the expenditure of heat on a body will in general raise its

temperature, we have generally a limit value - ^ for the capacity for
m

heat between t and t U when It has become indefinitely small.

* This quantity ~ ^ speci6c heat of the body at ^® under the

given conditions : if It is 1°, ~ 1§ is undistinguishable from ~
® m ct m dt

'
t

* See first part of this report, 1886, pp. 18 and 40. * WUd. Ann, 38, 1886, p. 400.
* Physical Society, Dec. 11, 1886; and Phil. Mag, Jan. 1887.
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the specific heat being sensibly constant for an interval of one degree.

When no mass is mentioned unit mass is understood.

The conditions referred to above may be various as to pressure and
volume of the body, but in practice only two are necessary to discuss,

viz., (1) when the body is kept at constant pressure, e.gr., that of the

atmosphere
; (2) when the body is kept, or reckoned as kept, at constant

volume.
The necessity for taking account of these two conditions is most

obvious in the case of bodies in the state of gas or vapour, the change of

volume of bodies in the liquid and solid conditions being comparatively

small
;
but as the liquid and the gaseous states merge one into the other^

there are circumstances in which the change of volume cannot be
neglected in the case of bodies in the liquid state.

Experiment enables the mean capacity for heat to be determined from
0® C. to t° C., giving a numerical value for Q//. A number of similar

determinations may be made for other temperatures ;
referring the results

to unit mass of the body we thus get a number of mean specific heats

between 0° and 0° and 0°and and so on. From a sufficient

number of such determinations, if the intermediate temperatures t|°,

<2°, . • • are fairly uniformly distributed between 0° and it is possible

to find an interpolation formula Q//=C°H-a^+6^^+ . . . for the
heat-capacity of the body between and where t is any temperature
between 0® and the extreme limit of temperature in the set of experi-

ments. Hence we can deduce the specific heat of the body at any such

temperature
;

for, for unit mass is this specific heat
;
if we call this

Coat 0® and C at /|® we have, + • • •; whence
(or C)=Co Hh -f* ...

This is the principle of the method by which from experimental
results formulae are obtained, giving approximately the specific heat of a
body for a range of temperatures more or less extended, from 0° C., and
from which curves can be drawn representing the relation of specific

heat to temperature in the case of each body.
It is evident, from what has been said, that it is not always a matter

of indifference what temperature is chosen at which to compare solid

bodies, simple or compound, as to specific heat ; for, although f(Sr most
solids the temperature is not required to be known accurately, the
variation in specific heat being very .slow, in others the variation of this

with the temperature is sufficient to make it a matter of importance
whether the specific heat used be that at ordinary, or at lower, or higher
temperatures.

For the present this part of the subject may be dismissed, to be
reconsidered later on.

Specific Heats—Solids,

In iho introduction to a series of memoirs on this subject, Hegnault ^

says that although the subject had been attacked by many physicists
before Dulong and Petit, it is to these last, with the exception of some
very earful and accurate experiments by Lavoisier and Laplace, that we
are indebi^ up to his time for any accurate determinations of the heat*

* Ann. Chim. (2), 73, 1840, p. 6.
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capacities of bodies, and in which the principal causes of error incidental

to such delicate experiments had been obviated.

Dulong and Petit—Elements,

In their great work on the laws of cooling, published in the * Jour,

de TEcole Polytecb.* tome xi.,,^ Dulong and Petit gave determinations

of specific heats between 0° and 360^ and showed that the specific heats

of bodies in general increase with rise of temperature
;

examples of

this are given also in ‘ Ann. Chim. Ph.’ (2). 7, 1818 ;
as an example,

among others, the mean heat capacity of iron

between 0® and 100°=*1098

„ 0 „ 200 =-1150

„ 0 „ 300 =-1218

„ 0 „ 350 =1255

This gives a fair idea of the general rate of increase of specific heat of

metals and other solid bodies generally with rise of temperature. Dulong
and Petit in a subsequent paper ^ enunciate the following law :

* The
atoms of all simple bodies {elements^ have exactly the same capacity for

heaV This law is arrived at by multiplying the specific heats of a num-
ber of elements in the solid state, viz., Bi, Pb, An, Pt, Sn, Ag, Zn, Te,

Cu, Ni, Fe, Co, S, by their atomic "^tights; it is true that the products

so obtained were not exactly the same for each element, but this deviation

was attributed by these physicists to errors arising from two sources—the

determination of the specific heats, and the analyses from the results of

which the then received atomic weights were deduced. And this law
was not restricted by them to bodies in the solid state alone, but was
supposed to apply to bodies in the liquid and gaseous states. This opinion

was supported by the specific heats of oxygen and nitrogen gases as deter-

mined by de Laroche and Berard, and of hydrogen
;
the number for the

last gas they find somewhat too small, but consider that the determination

of its specific heat was vitiated by an error which do Laroche and Berard
had overlooked. In the number given by Dulong and Petit the atomic
weights were referred to that of oxygen taken as unit, and the specific

heats to that of water.

Neumann^s Lawfor Compounds,

In 1831 Neumann published * a set of determinations of specific heats

of minerals, and attempts to apply to them the principle of Dulong and
Petit*s law

;
to find, in fact, if there exist any simple relations among

their molecular heats corresponding to what Dulong and Petit had appa-

rently established as to the atomic heats of elements. He includes in his

determinations, however, some elements, and finds that arsenic and anti-

mony are, or seem to be, exceptions to the law of atomic heats. Noticing

that these crystallise in forms not belonging to the regular system, the

doubt occurs to him whether the specific heat is independent of ciystal-

line form, and whether it is the same for substances of the same chemical

eomposition but crystallising in different systems. This doubt is, how-
ever, set at rest by his observation that calc spar and aragonite have the

tome specific heat, and similarly in other cases of dimorphism.

* Ann. Chim. (2), 10, 1819, p. 405. * Pogg. Ann. 23, 1831, p. 1.
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By examination of a number of well-known minerals he amves at the
following general conclusion ;

* The specific heats of bodies of similatr

chemical composition are inversely as their stochiometric quantities/

As examples the following are adduced : calc spar, CaCOa ; bitter spar

(CaMg)C03 ;
magnesite (MgFe)C03 ;

spathose iron ore, FeCOs ;
and

calamine, ZnC03. These are bodies of similar chemical composition

;

the stochiometric quantities are the quantities found thus (taking, for

example, magnesite) : find the value assigned to CO3, according to the

atomic weights of G and 0, and add the amounts of magnesium and iron

according to the proportions of these metals found on analysis of the

mineral.

The product of the specific heat and the stochiometric quantity is

found to be approximately the same for all the above minerals. Simi-
larly for the minerals heavy spar, anhydrite, celestin—BaS04, GaS04,
SrS04— also for magnesium-, mercuric-, zinc-, cupric-, calcium- oxides;

for cinnabar HgS, realgar AsS, lead glance PbS, blende ZnS
;
and for

ferric oxide, minium, chromic oxide, in the case of each of which he
remarks that two [stochiometric] parts (antheile) are combined with
three of oxygen.

The above examples are reproduced here principally to show in what
sense Neumann meant the words ‘ similar chemical composition *

to be
applied.

RegnaiiWs Determinations *—Elements and Compoimds,

In his first memoir ^ Regnault deals with solid elements, making fresh

determinations of those examined by Dulong and Petit, and on which
they founded their law, and in addition finding the specific heats of a
number of elements which they had not determined

;
on pp. Gl-64 of this

memoir he gives a table of his results. Comparing the atomic weights
with that of oxygen as 100, the atomic weights of the elements examined
by him vary from 200 to 1400, w'hile the atomic heats vary only from
38 to 42, with the exception of that of carbon, which is too small unless
its atomic weight is doubled

;
ho halves the then received atomic weight

of silver, thereby bringing it in harmony with the law and bringing the
formula of its sulphide from that adopted before (AgS) to Ag2S, whereby
the isomorphism of this sulphide with cuprous sulphide is represented by
giving to the two similar formulae. With the exception of carbon and pos-

sible exceptions of a few elements of which he had not at the time pure
‘ specimens in sufficient quantity, including boron and silicon, Kegnault
concludes that Dulong and Petit’s law applies to the elements generally
with fair approximation, but not with accuracy, even allowing for experi-

mental errors. He expresses the opinion that possibly their law may be
true quite rigorously if each element were examined at a definite point
of the thermometric scale appropriate to it, and if the specific heat were
obtained free from admixture with the heat which is used up in expand-
ing the body, and if the body is at a temperature so far removed from the
temperature of fusion that no portion of the heat of fusion enters into the
observed number representing the specific heat.

In his second memoir ^ on the specific heat of simple and compound
* Kegnault, .4nw. Chim, 2, 73, 1840, p. 6 ; S, 1, 1841, p. 129; 9, 1843, p. 322 ; 3, 38,

1853, p. 129 ; 46, 1866, p. 267 ; 63, 1861, p. 6 ; 67, 1863, p. 427 ; 4, 3, 1864, p. 496 ;

7, 1866, p. 460.

**Ann. Chim. (2), 73, 1840, p. 5. • Ibid. (3), 1, 1841, p. 129.
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bodies Begnault discusses the question which Neumann had raised in

1831 and applies to it all the resources of his experimental skill, not con-
fining himself to natural minerals as Neumann had done, but using a
variety of compounds prepared pure in the laboratory. A number of
alloys examined by him gave heat-capacities equal to the sum of those of
their component parts in most of the twelve cases he gives

;
but in some

cases in which the alloy was fused or near its fusing.point at the higher
temperature, the specific heat calculated on this supposition differed con.

siderably from the observed. He then examines a large variety of oxides,

sulphides, chlorides, bromides, iodides, fluorides, nitrates, chlorates, phos.

phates, metaphosphates, pyrophosphates, arseniates, sulphates, chromates,

borates, tungstates, silicates, carbonates ; each of these sets—e.y., oxides

—he divides into series, each series having a like chemical formula, that

is, corresponding to the same general formula, as RO representing the
series of oxides PbO, HgO, MnO, CuO, NiO, MgO, MgO

;
R2O3 repre-

senting the series Fe203, AS2O3, Cr203, 81)203, Bi203, A1203, the numbers
of each series being compared among themselves as to their specific heats

and formula-weights. Among the protoxides the product of the specific

heat and the formula-weight is nearly the same as a rule, but there are

two exceptions—oxide of magnesium and oxide of zinc. Among the

sesquioxides the same general rule holds good for what we will call the

molecular heats, with the exception of alumina, in the form of corundum
especially, which has a far lower molecular heat than the other sesqui-

oxides. These apparently exceptional cases Regnault explains by a differ-

ence in the state of aggregation of these oxides. Another difficulty is the

case of iron pyrites, which has the same formula RS2 as stannic sulphide

but a much lower molecular heat; this Regnault explains by saying

(p. 191 ) that there is no analogy between these two sulphides, while bi-

sulphide of molybdenum, which has a molecular heat not very different

from that of stannic sulphide, presents, he says, some resemblance fo it

in physical constitution. Regnault here seems to recognise that it is not

sufficient that the formul© should be similar and the bodies belong to tho

same series
;
it is necessary also that the formul© should, as it were, not

be accidentally similar, but be similar as representing also bodies of the
same class.

Although Regnault finds that calcite and aragonite do not differ in

their molecular heats, he finds that tho specific heat of chalk and of

saccharoid marble are about the same and markedly higher than tho

other forms. Regnault sums up the general result of this memoir
thus :

‘ In all compounds of similar atomic composition and chemical

constitution the specific heats are inversely as the [‘ atomic ’] mole-

cular heats *
;
and he gives the same reasons for the fact of this law being

only approximately true, as in the case of elements.

In further communications on the specific heats of solids Regnault

finds by direct determination that of potassium, cooled by contact with

solid CO2 and let fall into a calorimeter containing naphtha, and 8how»
that if the then accepted atomic weight of potassium is halved, this new
atomic weight is in accordance with Dulong and Petit’s law ;

and this-

new atomic weight separates potassium from the alkaline earth metala

and other metals in the state of oxidation RO, with which metals in fact

potassium ^ has no relations of isomorphism ;
that ordinary phosphorus

* Ann, Cliim. C3), 2f, 184% p. 261.
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has a specific heat rapidly rising with the temperature, the hiean between
—78® and +10® being *1740, and between +10® and +30° being *1887;

that solid mercury has between — 78® and —40® a mean specific heat

*3192
;
that of solid bromine between —78® and ^9® is *087, and between

— 78® and —20° it is *082, the melting-point of bromine being taken to

be not lower than —9®. [As a fact, the melting or the solidifying point

of bromine has been the subject of a considerable number of determina-

tions, and the temperature has been estimated by difierent experimenters

at points varying from — 7 2° to —25®
; the most recent values and the

most trustworthy, however, are about —7*2°.]

It is seen that mercury and bromine in the solid state obey the law
of specific heat, while the atomic heat of phosphorus is somewhat small.

The specific heat of red phosphorus ^ is only slightly less than that of

ordinary phosphorus, the difference being perhaps due to the remoteness

of red phosphorus from its melting-point. The two varieties are con-

sidered by Regnault to have a difference which is inconsiderable.

It will be noticed that the specific heat is always greater at higher

than at lower temperatures.

In two subsequent papers Regnault * makes determinations of various

metals, including those accompanying platinum, cobalt, and nickel

whose specific heats he finds nearly equal
; manganese, magnesium,

which all fall into line with Dalong and Petit’s law
;
sodium (by sur-

rounding the tube containing the ^^^metal with a freezing mixture at

— 34°), attributing to it half the then accepted atomic weight by which
change sodium is found to be in complete accord with the law

;
lithium

chloride, from which he found that the molecular heat was only slightly

less than that of sodium chloride, which was slightly less than that of

potassium chloride, from which facts he infers that lithium chloride must
have a similar atomic composition to these others, thus halving the

atomic weight of lithium to make the formula of lithium chloride LiOl
(instead of Li0l2)« In confirmation of this view he says (t. 46, p. 278) :

* For bodies of the same chemical composition the product of the specific heat

hy the molecular %ceight is smaller the smaller the molecular weight.^ Thus
for ROI2—e.gr., CaCl 2 and BaCl2—the molecular heats are 114*72 and
116*44

;
again each of these numbers is quite different from those for

R2CI2 ,
as Li 2Cl 2 ,

Na2Cl 2 , K2CI 2 , which are 148*09, 156*97, 161*19.
^
For

aluminium he finds the atomic heat somewhat smaller than for most of

the others.

Just as in the case of the two varieties of phosphorus, so he finds for

the vitreous and metallic varieties of selenion examined at low tempera-
tures sensibly the same specific heat agreeing well with Dulong and
Petit’s law, and mentions the fact (t. 46, p. 288) that the vitreous and
porcelain modifications of arsenious oxide have the same specific heat

;

but remarks on the unexpected result that the enormous evolution of

heat accompanying the transformation of vitreous into metallic selenion

has no appreciable effect on the specific heat of this body; a similar

result he obtains afterwards for silicon (t 63). By direct determination

he afterwards obtains a specific heat for lithium, which agrees with the

formula LiCl, and includes lithium among the elements conforming to

Dulong and Petit’s law. For boron and silicon he tries, by using »
different atomic weight for each from that then used, to place these

* Ann. Chim, (3), 38, 1853, p. 129.
2 Ihid. (3), 46, 1856, p. 266 ,* and 63, 1861, p. 6.
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elements among those to which the law of atomic heats applies, but with-
out success.

It is noticeable that Begnault, finding so large a number of elements

conform to the law of specific heats, is at last disinclined to admit any
exception for elements in the solid state, and is only deterred from
doubling the atomic weight of carbon with the object of including this

element by finding how widely the values of the specific heats ^ differ

from one another for carbon from different sources.

The constancy of specific heat in spite of allotropic variations of the

body examined, as mentioned above, is disputed by Bettendorf and
Wullner ® for selenion and for arsenicum

; but for the former one may
prefer Regnault^s result, and the latter is perhaps open to criticism. A
marked exception is, no doubt, the case of diamond, the specific heat of

which is much less—between 100® and 0°—than that of other varieties

of carbon. The highest temperature in Regnault’s experiments on the

specific heats of solid bodies was 100® or, in a few cases, a few degrees

higher
;
generally it was lower than 100°, and much lower in cases where

the fusing-point of the body was low.

Woastyn^s Law of Molecular Meats,

In 1848 Wcestyn^ enunciated the following law as to the specific heats

of compounds :
‘ If C is the specific heat and A the formula-weight of a

compound of certain elements, the atomic weights of which are U]
,
a2 »

• • •

and the specific heats Cj, C2 ,
and if Wj, «2 » • • * the number of atoms of

each element in the formula of the compound, then AC = WiffljCi

+ . . .
*

•

It is taken as a fact by Woestyn that difPerent elements have different

atomic heats—that UjCi, a^a^, . . . are not all equal
;
and, therefore, as an

accident if the molecular heats of compounds of similar atomic com-
position are equal or approximately so. Thus it follows from his principle

that lead sulphate and calcium sulphate should have different molecular
heats, the difference being that between the atomic heats of lead and cal-

cium ; it also follows from his principle that there should be the same
difference between the molecular heats of the carbonates, of the prot-

oxides, of the nitrates, chlorides, bromides, iodides, chlorates ... of this

pair of metals
;
and similarly for any other pair of metals which form

salts and oxides of similar atomic composition.

By taking the differences between the known molecular heats of an
oxide of lead and corresponding sulphide, and so for mercury and for bis-

muth, and antimony for the same amount of combined oxygen, he finds

numbers which according to his law should be equal, being the difference

in each case between the atomic heats of sulphur and oxygen, and which
are, in fact, nearly equal. The law, tested by a considerable number of

compounds, is found to give results very fairly in accordance with it.

JEJxtension of Lulong and Petifs Law to Compounds.

Although ISTeumann, and after him Begnault, showed most interest-

i]|g relations among molecular heats of compounds, from which Begnault

* Ann. Chim. (3), 1, 1841, p. 204.
" ' * Pogg. 183, 1868, p. 293 ; and Ann. Chim. (4), 14, 1868, p. 476.

*• Ann. Chim. (3), 23, 1848, p. 296.
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had in fact been able to deduce the atomic weights of dements which
were not at the time capable of examination as to their specific heats

directly, as in the cases of Rb, Cs ; of Li ; of Sr, and Ba
; by means of the

rule that the molecular heats of bodies of similar atomic composition and
chemical constitution are equal ; no rule had been found by which the

molecular heats of compounds were connected with the atomic heats of

the component atoms ;
with the exception of Wcestyn’s law (1848) that

the molecular heat is the sum of the atomic heats for all the i^toms in the

molecule. But this exception was indeed important (1) for the frank

recognition of the fact that the atomic heats of elements cannot be
reckoned as equals—at the best as varying within narrow limits; in fact,

as putting forward as of fundamental importance that Dulong and Petit’s-

law is only approximate and not a very near approximation
; (2) for the

extension to compounds generally of the rule which Regnault had found to

apply to alloys. But Woestyn’s law led to no important results, as it was
not followed up by a determined attempt to confront the questions, what
are the atomic heats which must be assigned to elements such as chlorine,

oxygen, hydrogen, nitrogen, fluorine, and others, the specific heats of

which in the solid state cannot be determined directly
;
and of carbon, the

specific heat of which in the free state at ordinary temperatures varies so

much with its state of aggregation and in allotropic modifications of it.

The number of compounds which contain one of these elements or more is

so very large a proportion of the compounds to which the rule should be
applied, and by means of which it should be verified, that it is not to be
wondered at that no important generalisation resulted from it. To
Woestyn, however, must bo given the credit of giving definite expression

to an idea which Hermann Kopp independently took as the basis of his

great work on the subject.

Gamier in 1852^ proposed, as did Cannizzaro in 1858,® the following

relation : if 0 be the specific heat of a compound, n the number of atoms,

and A the molecular weight, then is constant,
n

Kopp*s Investigations on Specific Heats.

Hermann Kopp was among the first to draw the attention of chemists
to the relation of physical properties of compounds to chemical composi*
tion

; as early as 1841 he first stated his law of boiling points of homo-
logous series of carbon compounds. The very existence of such a law-like

relation struck many chemists as paradoxical
; so axiomatic had seemed to

them the assumption that the properties of elements are extinguished

when these enter into combination that the regularity of the effect on the
boiling-point of the addition of one atom of carbon and two of hydrogen to

the molecule of a compound was combated at first, but has long been
accepted in principle universally

; other investigations with a similar

object by H. Kopp need not be mentioned here. His work on specific

heats of bodies in the solid state was part of this general plan, and his

object in it was to find if possible a relation between the specific heats of

compounds and of their component elements. With this object he made a
large number of determinations of specific heats of elements, and of com<*

rounds prepared in the laboratory, as also of a number of minerals
;
’ afcd

^ C. It. 37, p. 180. * Jl Nuovo Ciniento^ 7, p. 321,
• L. Ann. Supplement

^

b. 3, 1864, p. 1 ; and loo, cit. p. 289.



EXPERIMENTAL KNOWLEDGE OF THE PROPERTIES OF MATTER. 481

stowed how nearly the molecular heats calculated according to his theory
agreed with those observed chiefly by himself and by Neumann, Eegnault,
and Pape. The principle of Kopp’s theory is that each element in com-
bination has the same atomic heat as when free in the solid state at such
temperatures that both the element and the compound are so far removed
from their melting-points that they may be considered to approximate to

the state (if one may use the expression) of * perfect ’ solids
;
for most of

the elements the atoiuic heat is known by direct experiment
;
in other

cases, according to Kopp, a value can be assigned to the atomic heat such
that the molecular heats calculated by assuming it for compounds of this

element shall agree well with those found by direct experiment, the mole-
cular heat of a compound being thus supposed to be independent of its

constitution, but dependent only on the number and specific heats of the
elements composing it. As an example of his method of finding on his

theory a theoretical specific heat of an element in the solid state take the
case of oxygen

;
for oxides of the formula RO, where R is the atom of

copper, magnesium, and a number of other metals whoso atomic heats are
for each not far from 6*4 which is the average value, Kopp finds the
molecular heats of all, including for each the results of several experi-

menters, and calculates for all a mean value 11*1 . Subtracting from this 6*4

the remainder 4‘7 is the atomic heat of oxygen as deduced from the mole-
cular heats of those oxides. Similarly for oxides of the general formula
R2O3 he gets the mean molecular heat*27‘l. Now, as R includes metals, all

of which are shown to have atomic heat about 6*4, and the average atomic
heat is 6*4, three times the atomic heat of oxygen =27’1 — 12*8=14*3

;

and the atomic heat of oxygen, as deduced from these oxides is 4*8. Other
values obtained in a similar way are 3*7, 4*1, 4 2, 4*0, 3*4, 3*9. From all

the separate values Kopp deduced an average of 4*0 for the atomic heat of
03cygeh

;
for that of sulphur and of phosphorus, 5*4; fluorine, 5 ;

silicon

3*8; boron, 2*7; hydrogen, 2*3; and carbon, 1*8. For the rest of the

elements in general, including the well-known metals except beryllium,

together with nitrogen and bromine, he gives the atomic heat 6*4.^

Specific Heats of Carhoriy Bororiy and Silicon—Weher.

Among the exceptions to Dulong and Petit’s law, Kopp was obliged to

admit carbon, boron, and silicon. Weber^ was struck % the agreement
of several experimenters as to the fact of the specific heats of different

forms of carbon being unlike, and the atomic heats calculated from them
having different values

;
and on comparing the temperatures within which

Regnault, De la Rive, and Marcet, Kopp, Wiillner, and Bettendorf
obteined their numbers for charcoal, gas-carbon, natural graphite, blast-

furnace graphite, and diamond, he noticed that although for each form
the different observers got different numbers, there was this peculiarity,

that the lower numbers for each form of carbon always corresponded to

lower temperatures : for example, the mean specific heat found by De la

Rive and Marcet for diamond was *1146, the range of temperature being
3® to 14®

;
and that found by Regnault was *1469, the raflge being 8® to 98®.

On investigation Weber found that the specific heat of this substance,

carbon, increases more rapidly than that of any other substance with rise of

temperature, the specific heat of * diamond near 200® being three times as

great as it is near 0®. In order to get correct values of the specific heat

* Loo. oit. p. 329. * Ber. 6, 1872, p. C03.

1

1
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of diamond between 0® and 200®, he finds the mean heat-capacity of

diamond at twelve nearly equal intervals between 0® and 200®, and thus
finds the constants in an equation of the form. C*o= a + ht— ct* to

represent the mean heat-capacity between 0® and ;
whence the specific

heat at t is a+26^— 3c^*. Similarly he finds for graphite an equation of

the form, for specific heat at temperatures between 0® and, 100®.

Dewar by an experiment in which varieties of carbon were succes-

sively heated by an oxyhydrogen fiame on a bed of quicklime, using a
water-calorimeter, found a mean specific heat *42 up to a temperature of
about 2100°

;
which would give an atomic heat of about 5 at some tem-

peratures very much higher than 200°. This shows that a temperature
can be reached at which the specific heat of carbon gives an atomic heat
not much less than that required by Dulong and Petit’s law.

Previously Dewar had found^ a mean value of the specific heats
of varieties of carbon between 20® and 940°, the temperature of boiling

zinc ; this mean specific heat was 3*2.

Weber in 1874* continued his researches on the specific heats of

varieties of carbon, and found results from a large number of experiments,

from which he was able to deduce specific heats of diamond at a variety of
temperatures up to nearly 1000°, the determinations of the specific heata
of other forms of carbon being made at temperatures under 250®, at

which their specific heats began to approach that of diamond closely.

Weber’s determinations showed that in reference to specific heat the

forms of carbon other than diamond behave alike, but differently from
diamond at the lower temperatures.

In accordance with what is known with regard to the relation of

specific heat to temperature generally, there is no point at which it ceases

to increase with rise of temperature ;
and although the true specific,heat

of a solid body will not be given at any temperature at which it begins

to soften or to -approach its liquid state, in the case of carbon there is no
such danger

;
for the temperature at which it tends to soften or become

liquid is so high that we cannot suppose that we are in the neighbourhood
of it at 1000®. An inspection of the curve in Weber’s paper of 1874, taken
in conjunction with the curves of variation of specific ,heats of metals
alluded to later on, will suggest that it is possible, by taking temperatures
higher and higher by hundreds of degrees, to arrive at results in excess

of the specific heat demanded by Dulong and Petit’s law. The tempera-
tures at which Dulong and Petit’s law holds good for metals are not
temperatures at which the specific heat is constant, but at which it varies

steadily and slowly ; and if this is the case, as it is for metals generally

at ordinary tempemtures, the specific heats are such as are in accordance
with Dulong and Petit’s law

;
this is a general result of experiment, but

in the case of metals, which still at higher temperatures have specific

heats increasing steadily above 100® as they do between 0® and 100°,

experience does not warrant us in using the specific heats at higher
temperatures (see Pionchon’s results further on). The case of carbon has
been shown by Weber to be entirely different from that of the metals, for

at ordinary tempefiatures the specific heat increases with rise of tempera-
ture very much more rapidly; but after the temperature has been raised

sufficiently high the specific heat at higher temperatures increases only

moderately with rise of temperature, and carbon reaches the steady state

* PhiJ, Mag, 4, 44, p. 461.
* Jahresh. f. Chem. 1874, p. 64; and Ann* Cliim, 6, 1876, p. 7.
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in this respect, in which it is comparable with the general rule in respect

to metals. Kow this temperature, as is well seen in the diagram,
is reached by diamond at 600® ; and therefore if we are not arbitrarily to

choose a temperature at which the specificheat will be such that the atomic
heat of carbon is 6‘4, the range of temperature within which we should
determine the specific heat to test the conformity of carbon with the law
of Dulohg and Petit should not much exceed 900®, at about which
temperature the specific heat is *45 : this would give atomic heat of

carbon 5*4.

By experiments with crystallised boron and crystallised silicon Weber
found that the specific heats of both increased rapidly as the temperature
rose, the specially rapid variation ceasing for silicon before 100®

;
the

atomic heat of silicon being 5*63 at 184®, and 5*74 at 300°. In the case

of boron the specific heat rose rapidly up to 230°, and there is no result

given to show at what temperature it becomes nearly constant. Moreover,
the crystallised boron is not pure, always containing aluminium, as

Hampe has shown. ^

It may be remarked that in respect of the relation of Dalong and
Petit’s law to the molecular heat of compounds at ordinary temperatures,

Kopp finds that this relation is best expressed by taking the low atomic
heats of carbon 1*8 rather than the value which more nearly agrees with
Dulong and Petit’s law.

Beryllium ;—Humpidge ; Nilson and Pettersson.

The specific heat of beryllium between 10° and 100® was found to be
*47, from which the atomic weight 13*6 was deduced by applying the law
of atomic heats. The impossibility of finding a place for a metal with
this atomic weight in the classification of elements in the periodic system
led chemists to doubt the accuracy of this specific heat, especially as the

metal from which the specific heat was got was known to be not free

from impurity. With the object of settling this point the late Professor

Humpidge devoted a great amount of labour to preparing beryllium in a
state as nearly pure as he could ; and he succeeded in preparing some
with not more than 0*8 per cent, of impurity.® He proceeded to make
a great number of determinations of specific heats at various tempera-
tures, and found that beryllium, like carbon, silicon, and boron, has a
specific heat which rapidly increases with rise of temperature, and be-

comes nearly constant at temperatures above 400®, from that to 500°

increasing quite slowly. The number *5403 within those limits when
multiplied by 9*1 gives 5*64, which is notfar from that required by the law
of Dulong and Petit. Now analyses of the chloride and bromide had
shown that, if their formulas are BeCl2 ,

BeBr2 the atomic weight is 9T

;

whereas the formulas Beds, BeBra correspond to atomic weight 13*6.

Humpidge published a further paper ® giving details of his work on the

specific heat, and of his determinations of the vapour-densities of the

chloride and bromide, confirming that got by Nilson and Pettersson for

the chloride.

The results of Humpidge were partly anticipated by Nilson and
Pettersson in respect of the rapid increase of specific heat of the element,

* L. Ann. 183, 1876, p. 75.
* Proc. Roy. ^o. 38, 1884, p. 188 ; Ahs. C. 8. J, 1885.
* Ptoo. Roy. 8oc. 39, 1885, pp. 1-19.

I I 2
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in papers publislied by these authors in 1880.* Bat Humpidge worked
without knowledge of this, and the general result thus obtained inde-

pendently is conclusively established.

Nilson and Pettersson recently made ® a series of determinations, in a
new improved apparatus, of the vapour-densities of the chloride of beryl-

lium at temperatures from 490° to 1600°, and found that above 680°

the vapour-density remains constantly of the value corresponding to the

formula BeCl2
;
the vapour-densities for the chloride and the bromide

mentioned before as determined by Humpidge led to the same result

as to the atomic weight of beryllium, giving the formulm BeCl2 and
BeBr2.

Specific Keats at Different Temperatures.

The variation of specific heat with temperature was investigated by
Bede ^ for certain metals

;
he found that the specific heat between 0° and

i° was sulBBciently accurately expressed by the formula c=7c+ atj in which
h and a are constants depending on the nature of the metal. The results

are given in the following table

:

—
Copper . 1 = -0910 a = •000023

Iron = *105.3 x=s, •000071

liCad ...... - *0286 = •000019
Tin . . . .

= *0500 •000044
Zinc . . . . = *0865 nr •000044

The smallness of the fractions a shows how slow the increase of specific

heat is with rise of temperature.

This, as Pionchon’s investigations show, can only hold for moderate
ranges of temperature.

Pionchon. Specific Heats at High Temperature.

Pionchon^ finds expressions for the total heat-capacities and the speci-

fic heats at temperatures from 0° to 1100° and over for the metals silver,

tin, iron, nickel, cobalt, giving formulae for these physical quantities for

various high temperatures and wide intervals of temperature.
Thus, for silver, from 0° to 907° :

—

Q=-0578i--j-0544i!2.f. *086^3

.

whence
c=*0578 + 'O588 / + 'OtIS^^ ;

also for 907° to 1100°
;

Q=-0748«+ 17-20;

whence
c=-0748;

making for silver a nearly constant specific heat between 900° and 1100°.

Similarly for iron he finds the specific heat constant at *218 between
720° and 1000°

;
and again at *1987 between 1050° and 1200°.

For silver at 0° specific heat is -05758, and at 900° it is '08008.

Iron has at 0°, 600°, 660°, 700° specific heats *11012, *19956, *2442, *32433.

These examples illustrate the great increase in specific heat as the tempera-
ture rises through hundreds of degrees in the case of these metals, and
the increase is very striking in the case of iron, seeing that at the highest

> Her. 13, 1461, 1784. * Ann. Chim. 6, 9, 1886, p. 664.
• M^m. omronnes pa/r VAcad, Roy. de Belg. 27, 1866, p. 1.
* C. R. 103, 1886, p. 1122 ; Ann. Ghim. 6, 1887, p. 1133.
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temperature quoted the metal is very far from its melting or softening

point ;
there is in fact, as these experiments, taken as a whole, show, a

gradual increase in specific heat, which at three or four hundred degrees
would remove the metal from the state with respect to specific heat
required by Dulong and Petit’s law.

He finds that silver melts at 907°, and that its specific heat before tfnd

after fusion is the same.

As in the case of silver, so in the case of iron, Pionchon refers the
absorption of heat and almost constant specific heat of iron at two tem-
peratures to some change of state in iron at those temperatures

;
and he

thinks this idea confirmed by changes, at the neighbourhood of those tem-
peratures, of the sign of the specific heat of electricity of iron observed by
Thomson and by Tait.

Tin melts at quite a low temperature, about 230°
;
232'7° as found by

Person
;

* and may bo heated to a high temperature without volatilising.

Thus Pionchon was able to make a thorough investigation into the specific

heat of liquid tin from 232*7° to 1110°.

This investigation in respect of metals and Weber’s on the specific

heats of carbon constitute the greatest advance in our knowledge of the

variation of specific heat of bodies in the solid state that has hitherto been
made

;
for hitherto we had to be content with determinations made, as

those by Dulong and Petit, and afterwards by Bede, at temperatures up
to no higher than 350°,

The calorimetric method which Pionchon used is founded on PouilleC'j

principle ^ of determining the temperature of a ball of platinum by means
of an air-thermometer, and the specific heat by letting the ball drop into a
water-calorimeter of suflSicient depth. A formula was thus obtained by
Pouillet applicable to temperatures up to 1200° for the specific heat at any
temperature t

;
thus total heat-capacity of platinum between 0° and ^°, or

2o= -0323 7^ +-000041^2;
whence

c =*03237+ *000082^

gives the specific heat at ^° by the air-thermometer.

Violle subsequently, in 1887, adopting Pouillet’s method, found spe-

cific heat4 of platinum and other metals, using a more accurate air-ther-

mometer than Pouillet’s
j
® his more accurate results for platinum were

2{i=*0317/+*000006i2*,
whence

c=*0317+*000012<,

which is an equation from which t can be found when c is known.
Pionchon in this memoir finds the melting-point of silver to be 907° as

against the temperature found by Violle, viz., 954°, which is much too

high.

The Specific Heat of Water,

The specific heat of water is required in the determinations of tempera-

tures bjF the use of the platinum ball and the water calorimeter ; this

was found by Begnault^ to be l-f*00004<+ *0000009^2 for temperatures
between 0° and 230° by the air-thermometer.

» Jahresl.f, Ckem. Fittica, 1847. ^ C. R.Z. 1836, p. 782.
• a R. 1877, p. 643 ; 1878, p. 981 ,• 1879, p. 702.
* M6m. de. VAcad, 21, p. 729.
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J. Bosscha gives' a formula c=l+ *00022 (/—18) as giving more
accurate values, as he thinks, for the specific heat of water at various

temperatures than Begnq^ult’s.

Neesen ^ found, as some other observers before him had found, that the

specific heat of water diminishes from 0° up to a temperature as to which
they are not agreed, and increases after that temperature. If this is so

it is an exception to the otherwise almost invariable rule of increase of

specific heat with rise of temperature.

According to some recent experiments by Cardani and Tomasini ® the

mean specific heat of liquid water below 0® diminishes with rise of tem-

perature, being, e.g.y *985 between— 10*67° and 0°, and *953 between
—6*52° and 0°.

In a paper by Professor Rowland on the mechanical equivalent of heat,

presented to the American Academy of Arts and Sciences, June 11, 1879,

the author shows how, by assuming the axiom that the heat equivalent

to a definite quantity of energy is definite and constant, and repeating

Joule’s experiments, using a large range of temperature of the water in

the calorimeter, the heat-capacity of water between two temperatures

can be determined so as to enable the specific heats at various tempera-

tures within those limits to be known, approximately. By this method,

as also by the method of mixtures, referring the temperatures to Sir W.
Thomson’s absolute scale, Rowland was able to deduce the conclusion

that the spjecific heat of water decreases through 4° to about 30° to 35°

;

a temperature at which it is a minimum, and above which the specific

heat of water as usual increases with rise of temperature without change
of the state of the water.

Carhon Compounds—Ve Heen.

Several organic compounds, organic acids and salts of organic acids in

particular, gave, as found by P. deHeen,' specific heats which varied con-

siderably with the temperature below 100°
;
this may possibly be due to

the temperatures being too high in these cases—or in most of them—to

give specific heats corresponding to the truly solid condition as suggested
by H. Kopp,® the body being more or less softened by the heat. A similar

caution had been mentioned by Regnault, who looked upon a portion of

the latent heat of fusion as being added to the true specific heat in many
cases, and in part accounting for the deviation of specific heats from the

law of atomic heats. It was on account of an incipient softening efEect

of heat near 90° on the ‘ vitreous ’ modification of selenion® that Regnault
compared the specific heat of this modification with that of ‘ metallic

*

selenion at low temperatures, e.g. —20°.

Other Specific Heats,

N’accari'' gives a formula y=a(l + ?/<) for the specific heat at tem*-

peratures from 0® to over 200° for the metals copper, antimony, silver,

cadmium, aluminium, lead, zinc, nickel, and iron; as an Example,

Pogg, Ann. 1874 ; Juhelbd. 549. > Wied, Ann. 2, 18, 1883, p. 369.
Ifuovo Cimento (3), 21, 186; C. S. J. Abs. 1888, p. 102.
Bull. Acad. Roy. Belg, (3), 5, 1883, p. 767 ;

Ber. 16, 1888, p. 2655.
Ber. 19, 1886, p. 817. • Ann. Chim. 3, 46, 1856, p. 286.
R. Ace. di TorinOt 23, 1887, p. 22; and Beibl. 12, 1888, p. 326.
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for silver, a is *05449, and 5=t*0003929; so that ah, which is the

;
coefficient of t, is *0000184.

And for copper, a=*09205
;
6s=*0002308

;
and the specific heat of

copper is

*09205+ *000021252^;

which agrees with Bede’s
*0910+ *000023^

80 far as Bede carried his approximation.

Quite recently Pionchon has made determinations* on the specific

heat of quartz up to 1000°, and finds-that it increases rapidly up to 400°

from *1737 to *305
;
that from 400° to 1000° it remains remarkably con-

stant. Now the molecular heat during this interval within which the

specific heat of quartz is so nearly constant is 60 x ‘SOSsslS S
;
and this

is 3 X 6*1, so that at these temperatures silica in the form of quartz has a
molecular heat which corresponds to Cannizzaro’s rule.

In reference to this Kopp quotes, from a memoir which he published

in 1879,^ a passage in which he says that it is not unlikely that the
molecular heats ofcompounds of elements, which at ordinary temperatures
have atomic weights not in accordance with Dulong and Petit’s law, may
possibly when raised to higher temperatures be so increased as to be in

accordance with Gamier and Cannizzaro’s rule, and that compounds,
which are exceptions of Neumann’s law as to the molecular heats of

compounds of like atomic composition, may in this way come into accord-

ance with it
;
although it is often impossible to realise the conditions

required on account of approaching the fusing-point of the body, or
exceeding the temperature at which the compound begins to decompose.

Kopp remarks that the molecular heat 18*3 for Si02 not only gives a
result 3 X 6*1 nearly in accordance with Gamier and Cannizzai*o’s rule,

but approaches nearly to the numbers for compounds of the formulae

XCl 2 y
XBrg, XI2 ;

which are found by his experiments to vary between
this number and 19*0

;
and at the high temperatures of Pionchon for

quartz this compound ranges itself among the compounds to which
Neumann’s mle applies.

The elements which are at ordinary temperatures exceptions to

Dulong and Petit’s law, so far as is known at present, are elements with
small atomic weights, including sulphur, with atomic weight 32. The metal
magnesium, with atomic weight 24, has a normal atomic heat

;
while that

of aluminium, atomic weight 27, is low, about 5*7
;
and that of beryllium,

atomic weight 9*1, is among the exceptions, the atomic heat being about

4; but the specific heat of berylliumvaries immensely between 0° and 400°.*

. Specific Seat—Liqvfids,

The specific heat of many liquids was found by Regnault^ for various

temperatures
;
these were found always to increase with rise of tempera-

tare
;
but no general relation could be found connecting specific heats of

bodies in the liquid state with molecular weights, temperature, or dilata-

tion. ' In the liquid state the considerable internal, as well as
^

some
external, work complicates the expression, the dilatation, in fact, in the

» a R 106, 1888, p. 1344. * Ber» 12, p. 896.

* See Humpidge, Proo, Roy. Soe. 1886.
^ M&m. do VAoad. t. 26, pp. 262--296.
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case of liquids being rapid, so that the internal work becomes a very

important part of the whole heat consumed in liaising the temperature.

Becently Schiff has studied the specific heats of liquid organic com-
pounds,^ and has determined the specific heats of liquid hydrocarbons,

alcohols, acids, and ethereal salts at different temperatures, and arrives

at the following results among others : All ethereal salts of fatty acids, of
the formula C„H2„02, have the same specific heat at the same temperature,

being represented by the formula K =‘441(5 H-’00088^. Again, following

Van der Waals’ method for finding points of comparison for bodies in the

liquid or gaseous state, he finds the critical temperature by the rule laid

down by Pawlewski ^ for the same ethereal salts—that their critical tem-
peratures are to be found by adding 182*3 to their boiling-points at 760mm.
Schiff divides the distance of the critical temperature from the absolute

zero into 100 equal parts, which he calls critical degrees, and finds that

equal volumes of these liquids have the same heat-capacity at the same
critical degree.

Specific Heat. Gases and Vapours.

We will now consider the case of specific heats of bodies in the state

of gas or vapour.

Gay-Lussac ^ gave an account of some experiments for determining
specific heats of gases at constant pressure^ and concluded that the specific

heats (or heat-capacities) of equal volumes of bodies in the gaseous state

were equal
;
but further investigations by himself and a number of other

physicists made it soon appear that the problem was more complex than
was supposed, and that variations of temperature are of vital consequence.

It was not until Regnault undertook his investigations that any
satisfactory collection of experimental results was obtained. From 1840
onwards Regnault occupied himself, among other physical and chemical
investigations, with the subject of specific heats of bodies in the solid,

liquid, and gaseous states. The work on this subject in respect of the
gaseous state is part of the vol. xxvi. of the ‘Mem. de I’Acad. des Sc.’

RegnaulVs Results for Gases and Vapours.

The following results were obtained by Regnault for atmospheric air

at atmospheric pressure approximately constant :

—

Between 30® and + 10® . . 0 . . . + 100® 0 . . . + 200®
Specific heat 0*23771 . . . 0-23741 0*23751

hence the specific heat of air between 0° and 200® (for a certain nearly
constant pressure, viz., atmospheric pressure) is independent of the
temperature and = 0*2375. The temperatures were those of an air-

thermometer. *

For oxygen two experiments gave 0*21627, 0*21876, or a mean value
0*21751 for the specific heat between 7® and 200®. To compare the heair*

capacities of equal volumes of oxygen and air, 1*10563 being the specifi<^

gravity of oxygen (air = 1), we have 1*10563 X 0*2175 to 0*2375, o-r

0*2405 to 0*2375 as the ratio of the heat-capacities. Thus the heat-
capacity of a volume of oxygen at 760 mm. and a temperature between

* L. Ann. 234, p. 300 ; C. 8. J. Ahs. 1887, p. 6.

* Ber. 15, p. 2460; C. 8. J. Ahs. 1883, p. 276,
* M6m. d'Arcueil, t. i. 1807, p. 180.
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0® and 200® is greater than, but yery little different from, that of tho

same volume of air under the same conditions.

And, for nitrogen^ the heat-capacity between 0° and 200® is about the

same as that of the same volume of air or of oxygen, for atmospheric air

consists mainly of nitrogen and oxygen.

For hydrogen between about 0° and 200® the specific heat was found

in four experiments to be :

—

3-4196 3-4042 34108 3-4014

of which the mean value is 3*4090 for specific heat of hydrogen under
the conditions of atmospheric pressure and any temperature between 0*^

and 200®. For low temperatures, as between 10® and —30°, Eegnault
got a mean value 3*3996, agreeing fairly with the value for higher tem-
peratures. As in the case of oxygen, so here, multiplying the four results

by 0*0692, the specific gravity of hydrogen (air = 1), the mean of the

results compared with 0 2375 is the heat-capacity of hydrogen gas
compared with that of an equal volume 'of air; this is 0*2359 to 0'2375 ;

thus the heat-capacity of hydrogen is sensibly the same as that of an
equal volume of air, the experiments giving for hydrogen a very slightly

lower value.

On the above results Regnault remarks that air and gases, which at

ordinary temperatures obey Boyle’s law, are equally expanded by equal

increments of temperature up to temperatures as high as and higher

than 300°
;
and that, as shown above, the heat-capacity of air is the same

for equal temperature-intervals independently of the initial temperature

as measured by the dilatation of air (by an air-thermometer)
;
and, as

the same constancy is observed in the case of other gases which obey
Boyle’s law, shall we not, he asks, he led io admit that the air-thermometer

indicates temperatures in a manner proportionally to the quantities of heat

which it receives? (p. 109.)

The above and a few other of Regnault’s results are tabulated

below

Air .... • « •

1

Specific heat
0*2376

Heat-capacities of

equal volumes
0*2376

Oxygen .

Nitrogen .

# 0*2176 0*2416

• • • 0*2368 0*2438

Hydrogen • • • 3-4090 0*2369

Hydric chloride • • • 0*1846 0*233.3

Carbon monoxide . • • • 0*2460 0*2370

Nitric oxide • • • 0*2321 0*2406

Chlorine . • • • 0*1210 0 2964
Carbon dioxide • • • 0*2169 0*3307

Nitrous oxide , . • • # 0*2262 0*3447

In the case of the first seven of the above gases the specific heat

remained constant up to 200°, and these seven are gases which very

approximately obey Boyle’s law. It is to be remarked that in the case o^

these the heat-capacities of equal volumes are very nearly equal at atmo-

spheric pressure.

In the case of chlorine, and still more of carbon dioxides and nitrous

oxide, the heat-capacities of equal volumes vary with the temperature,

the values for & given range of temperature being less the lower the

mean temperature of the range and increasing as this temperature rises

np to 170® in these experiments; the specific heats therefore increase
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with rise of temperature. Begnault (p. 129) remarks that this increase

of specific heat with rise of temperature is probably true of all gases the

elasticity of which deviates much from Boyle’s law.

Volatile Liquids—BegnaulL

The specific heats of vapours of volatile liquids were determined by
Regnault, by experiments described in this memoir, in which the total

heat was directly given which w^as yielded by the body in the state of

vapour in passing from the temperature of the vapour to the temperature

of the calorimeter, in which the liquid was condensed : this heat consists

of the heat-capacity of the vapour from the highest temperature taken to

the temperature of condensation plus the heat given off at this tempera-
ture by the mass of vapour in becoming liquid ^his the heat given out
by the liquefied vapour in passing from this temperature to the tem-
perature of the calorimeter. Thus the heat-capacity of the vapour as

such between two temperatures is not given by any one experiment.

Begnault endeavours to get rid of the two unknown quantities of heat

simultaneously by eliminating them between two different experiments,

in the one the temperature of the vapour being lower than in the other

;

in each experiment the weight of the liquid condensed is found, as also the

difference between the highest temperature of the vapour and the tem-
perature of the calorimeter, whence can be calculated the total heat given
out by unit weight of the substance in passing from the temperature of the

vapour at starting to the temperature of the calorimeter. Now the results

of the two experiments differ in respect of the initial temperature of the

vapour and the final temperature of the liquid in the calorimeter
;
the

initial temperature in one of the experiments is taken as high as con-

veniently can be, and the final temperatures are reduced to 0° by
adding to the total heat in the case of each experiment the total heat-

capacity of the liquid between the temperature of the calorimeter (say

about 8° to 20°) and 0°. This last is a comparatively small correction for

each experiment, and the difference only of these corrections enters into

the result. For the result is obtained by subtracting the corrected result

of one experiment from that of the other, the difference being the total

heat-capacity of the vapour between the initial higher temperatures of

the pair of experiments. Dividing the number thus got by the interval

of temperature, the quotient is the moan specific heat of the vapour
between these temperatures.

In addition to the bodies in the list given above, Regnault obtained

results for heat-capacities of equal volumes of the following gases and
vapours : marsh gas, olefiant gas, sulphur dioxide, ethyl chloride, hydrio

sulphide, ammonia; and the vapours of water, ether, alcohol, carbon
disulphide, benzene, oil of turpentine, methyl alcohol, ethyl cyanide

t (propionitril), ethyl bromide,' ethyl sulphydride, ethyl acetate, acetone*

ethene dibromide, chloroform, bromine, silicon chloride, phosphorous

chloride, arsenious chloride, titanic chloride, stannic chloride. As the

result of the whole series of experiments on the bodies chosen, Regnault
comes to the conclusion that there is no general relation of the specific

heat and molecular weights of bodies in the state of gas or vapour cor-

responding to Dulong and Petit’s law as to elements in the solid state.
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Specific Heat and Pressure,

In the cases of atmospheric air, hydrogen, and carbon dioxide,

Kegnanlt found by experiments at several atmospheres* pressure, e.gr.,

for air 12*4 atmos., no observable difierence in the specific heat of unit

mass due to pressure, but that this is not the case for chlorine, at least

at ordinary temperatures, and is probably only true for bodies at tem-

peratures at which they conform to B6yle*s law.

Specific Heat of Elements in the Gaseous State,

He concludes^ that the law which had been announced by several

physicists, ‘ that simple bodies (elements) in the state of gas had identical

specific heats (heat-capacities) of equal volumes,* can only be considered

as an ^ ideal law,* applicable to bodies which had quite uniform laws of

compressibility and dilatation (obeying Boyle’s and Gay-Lussac’s laws

exactly), and therefore not applicable to bodies as we actually know
them in the state of gas.

Specific Heats of Liquids—Regnault,

From experiments on a number of bodies, viz., water, bromine,
alcohol, ether, carbon disulphide, methyl alcohol, acetone, ethyl sulphy-

dride, ethyl chloride, ethyl bromide, ethyl cyanide, ethyl acetate,

chloroform, ethene dibromide, benzene, oil of turpentine, silicon chloride,

phosphorous chloride, arsenious chloride, stannic chloride, titanic

chloride, of which the specific heats in state of vapour were determined,

Begnault determined the specific heats in the liquid state, and found that

the mean specific heat of each body in the state of gas is always less than
in the liquid state, especially when compared at about the same range of

temperature ; and that in the case of several of the bodies the former
value is only a small fraction, less than half, of the latter. Hence, he says,

there cannot exist a rigorous law connecting specific heats of bodies with
their atomic (or molecular) heats alone, for the specific heats vary, as l^e

has shown, with change of temperature and of state.

It must here be mentioned that Joule * published the results of three

experiments on the specific heat of air, the mean of which gave 0*2296
;

these are noticed by Regnault.^
t

Specific Heat at Constant Volume—-Eegnault,

The experimental results given by Begnault are obtained in every

case by finding the amount of heat given to the calorimeter by a gas or

vapour parting with heat either at atmospheric pressure or at some
constant, or nearly constant, pressure greater than atmospheric. The»
problem of finding the specific heat of a gas or vapour, tne volume oi

which is not allowed to vary, is solved by applying the principles of

thermodynamics to the results for constant pressure. Through the

ranges of temperature within which Regnault worked, the following

gases alone were found to have specific heats independent of temperature

and of pressure, so far as the effect of pressure was determined : oxygen,

* M6m, xxvi. p. 309. • Phil. Mag, vi. p. 143. • Mini. xxvi. p. 40.
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nitrogen, hydric chloride, carbon monoxide, nitric oxide ; bodies which,
as gases, show a remarkable conformity to Boyle’s and Gay-Lussac’s
laws in respect of the variation of volume with compression and dilata-

tion ;
for such bodies the heat-capacities of equal volumes at constant

^pressure were found to be nearly the same, the smallest value being
0*2333 for hydric chloride, and the largest 0*2438 for nitrogen.

If we can assume for each of these gases that a volume of it expe-
riences no change of temperature as a consequence of expansion into a
vacuum—that therefore no internal work is employed in the act of ex-

panding—the specific heat at constant volume can be calculated from that at

constant pressure in each case by calculating the thermal equivalent of
the external work done by the expansion of 1 gram of the gas from 0® to
1° against the pressure of the atmosphere and subtracting this result from
the specific heat at constant pressure

;
the remainder is the specific heat

at constant volume.
From this can easily be deduced the heat-capacity of a litre of the gas

at constant volume by multiplying the specific heat of (a gram of) the gas
by the gram-weight of a litre of it

;
the result so obtained as the heat-

capacity of a litre of air at constant volume is 0*218
;
and the difference

would be the same for each of the gases mentioned if its changes of
volume by compression and dilatation accurately followed Boyle’s and Guy-
Lussac’s laws, and if the internal energy suffered absolutely no change.
The actual result in each case is only approximate and subject to
varying amounts of error, duo to the greater or less deviation of the above
suppositions from accuracy within the conditions of the experiments.

The approximate specific heat of air at constant volume is *1685
; at

constant pressure *2375, the difference *0690 being the heat equivalent
of the external work done by one gram of air against atmospheric
pressure under the conditions.

Again the specific heat of hydrogen at constant pressure being 3*408,

that at constant volume is 2*415, the difference being *993 which is the
equivalent of the work done by the expansion of 11*16 litres (the volume
of 1 gram of hydrogen at 0° and 76 cm.) against the atmospheric pressure
76 cm. during the rise of temperature of this volume of hydrogen from
0° to 1°.

The heat-capacity of 2 grams (or 22*32 litres under the same con-
ditions) of hydrogen is therefore 6*8] 6 at constant pressure, 4*830 at
constant volume, the difference being 2 x *993=1*986.

The appended table gives the specific heats at constant pressure and
at constant volume of 22*32 litres of a number of gases referred to 0°

and 76 cm., calculating that at constant volume from that at constant
pressure as above.

Hydrogen
Nitrogen
Oxygen
Hydric chloride
Carbon monoxide
Nitric oxide .

Chlorine
Ammonia
Methane
Ethylene

• • • • . G-846 • • . 4-830

• • m • . (5*826 • • . 4*840
• • 0 • . 6-960 • • .

*4-974

• 0 • • . 6*769 « • . 4-783
• 0 • • . 6*860 • • . 4-874

• 0 • • . 6-951 • • . 4-965
• m m • . 8-691 • • . 6 605
• • • • . 8-643 • 0 . 6-667
• 0 • . 9-488 • 0 . 7-602

• 0 • • . 11-312 0 0 . 9-326

At constant volume.

In the above table it will be noticed that the first six gases have
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nearly identical heat-capacities (of 22*32 litres) whether at constant

pressure or at constant volume; and these are the gases for which
Begnault found that the specific heats did not vary much with variation

of pressure or of temperature ;
they also obey the laws* of Boyle and Gay-

Lussac very well. Of the remaining four, chlorine deviates more than
the others from agreement with the laws mentioned

;
while ammonia

behaves in accordance with these laws, and methane does not deviate

much ;
but the heat-capacity of a given volume of ammonia is very

different from that of an equal volume of either of the first six gases in

the table, as also are those of the gases methane, ethylene, chlorine, and
others ;

while the heat-capacities of equal volumes of Vapours of a large

number of liquids examined were still farther removed from those of the

same volume of the six gases mentioned in the table ; of which the heat-

capacities of equal volumes are equal to that of air within 1 per cent., with
the exceptions of oxygen and nitric oxide, in which the difference is just

above 1 per cent, and of hydric chloride in which the difference is a little

less than 2 per cent. Now the aberrations of chlorine and ammonia from
the rule of constant heat-capacities of equal volumes of bodies in the

gaseous state are, as seen by comparison with the six gases, glaringly

wide ;
the rule does not hold even approximately for chlorine and

ammonia. The deviations of these two gases from conformity with
Boyle’s and Gay-Lussac's laws seem an inadequate explanation

;
in the

case of ethylene, again, the rule of heat-capacities entirely fails. This
rule is therefore nq^ supported by these wide investigations of Regnault.

JE), Wiedemann on Specific Seats of Gases,

E. Wiedemann ^ repeats a number of Regnault’s experiments on these

specific heats, with improved apparatus and methods, and with a modifi-

cation which in the case of vapours avoids condensation in the calorimeter,

so that the specific heat of the vapour is determined directly in one experi-

ment and not by the difference oftwo experiments, as in Regnault’s method;
the results differ slightly from Regnault’s and are probably more accurate,

but go no nearer to finding any general law. The chief addition made by
Wiedemann is the determination of the variation of specific heat with
temperature in the case of a considerable number of gases and vapours.
With reference to the hint thrown out by Regnault, as to the possibility

of an ideal law applicable to ideal gases, and corresponding to Dulong and
Petit’s law for solids, Wiedemann finds the true specific heats of various

gases, including nitrous oxide, carbon dioxide, and ammonia, and finds

that the specific heat of ammonia varies less with the temperature than
either of the other two, while it approaches more nearly to a perfect gas
in its elasticity ^r in its conformity with Boyle’s law. Thus Regnault
gives® forpu/pV, wherep' is about=2p, the values 1*00651 and 1*01881

for nitrous oxide and ammonia respectively, showing nitrous oxide as

nearer to the condition of a perfect gas than ammonia. Thus of the two
gases nitrous oxide and ammonia the more nearly perfect gas, nitrous

oxide, has a more variable specific heat than the less perfect gas ammonia.
But these two gases, as also carbonic acid gas, are too far from perfect

gases to justify any inference on that score alone as to specific heats ; it

is still possible that, if all three gases could have their specific heats

* Pogg. Ann, 167, pp. 1-42 ; and Wied. Ann. 2, 1877, p. 196.
* Mim. de VAead. t. xxvi. pp. 261, 262.
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determined with sufficient accuracy at such higber^teiiiperatures and
lower pressures that they conformed in regard to both compressibility

and dilatation as well as do hydrogen, nitrogen, and oxygen under normal
conditions, the spedific heat of each of the three gaseous compounds men-
tioned would behave similarly. But in fact, as will be seen further on,

the nature of the molecule itself affects most powerfully the value of the

specific heat ;
while the specific heat of a gas or vapour increases with

rise of temperature, and is independent of the pressure at temperatures

such that the gas nearly obeys Boyle’s law.

The Ratio of the two Specific Heats.

The ratio (it) of specific heat at constant pressure to that at constant

volume is greater than unity
;
in the case of air and of another gas or

mixtures of gases whose dilatation is normal, the maximum value of this

ratio was calculated by Clausius to be If, or 1*6. This number was by
A. Naumann * supposed to represent the value for gases whose molecules

are single atoms and as an example for mercury-vapour.

Relation of k to the Velocity of Sound.

The value of the velocity of sound at any given temperature was
shown by Laplace to depend on the ratio h

; so that experiments on a
gas from which the velocity of sound can be deduced give the means of
determining h. Now values of the velocity of soun(J^ in various media
have from time to time been found by a number of experimenters, and
from these values in the case of gases or vapours approximate values of
h have been calculated. Kundt, after determining the velocity of sound
by a new method devised by him in 1866 ^ in a number of solid bodies,

applied his method, in conjunction with Warburg,® in 1868 to a comparison
of y for mercury vapour with h for air

; a number of determinations
were made with different forms of apparatus, and the mean of the values

(1*1886) multiplied by the ratio h for air is the ratio W for mercury
vapour. Now Kontgen ^ found the value 1*405 for air

;
hence for mercury

vapour Z;'=l*67* which is almost exactly the same as the number 1§
calculated by Clausius.

Specijic Heats of Gases and Vapours at High Temperatures.

The results obtained for specific heats of bodies, simple and compound,
in the state of gas or vapour, although of great physical importance,
admit of no inference of a general nature as to the relations of specific

heats to known properties, physical or chemical, of the chemical elements
themselves in the free state or in combination. The sp^ciBc heats of a
few elements and compounds which obey Boyle’s and Gay-Lussac’s laws
very nearly in the gaseous state are approximately, within the limits of tem-
perature 0° to 200®, independent of pressure and temperature, and are
such that the heat-capacities of equal volumes are nearly the same for

these gases
;
but with all other gases and vapours this is not true, not

even approximately for ammonia or chlorine
;
and we are far, apparently^

from any very important generalisations with regard to specific heats

* Ann. Ch. Pharm. 142, 1867, p. 267. * Pogg. Ann. 127, p. 497.
* Ihid. 136, pp. 337, 627. < IHd. 148, p. 980.

^ Ber. 8, 1876, pp. 945-948.
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of bodies in the gaseous state. And this is the case in spite of very
important work in this direction done in recent years, and in which the
range of temperature has been extended enormously

;
yet as the results

of these experiments throw light on properties of bodies at high tempera-
tures in the state of gas, and give a new method of investigating specific

h^ts at very high temperatures, they cannot be passed over.

The investigations referred to are those of Mallard and Le Oh^telier

on the one hand, and on the other those of Berthelot and Yieille
;
and the

method of investigation—which was not directed wholly nor even mainly
to the determination of specific heats—was that of exploding explosive

gaseous mixtures in a closed spherical or cylindrical metal reservoir, the
mixture being exploded alone in some expe^i^iments, and in others mixed
with varying quantities of one of the two gases of the explosive mixture,
or of some other gas

;
by an explosive mixture being here meant a mix-

ture of two gases in the proportions in which they react to produce the
explosion. So far as these investigations are concerned with specific heats
of gases, it is evident that these are specific heats bf constant volume.

Investigations of Mallard and Le Glidielier,

It is impossible to do justice to the work either of Mallard and Le
Chatelier, or of Berthelot and Yieille, in reference to specific heats of

gases as deduced from their experiments without an elaborate digest of
their work on explosions ;

it will suffice the purpose of this paper to give
a very brief summary of results. The complete work of MallS,rd and Le
Oh&telier on the ‘ Combustion of Gaseous Explosive Mixtures ^ is pub-
lished in the ‘ Annales des Mines,* 1883, ‘ Memoires,' t. iv. pp. 274-668,
the scope of the communication being (p. 275) the determination for

the different gaseous mixtures studied of

—

1. The conditions necessary to the production of quick combustion, i.e.,

the tenvperature of ignition.

2. The rate at which inflammation started at a point propagates itself

in a.gaseous mixture, and in general the circumstances which characterise

this propagation.

3. The pressure which is produced in a close vessel in consequence of

the combustion of the gaseous mixture which is enclosed
;
whence one can

deduce the law of cooling of hot gases situated in a cold enclosure
;
the

temperature produced by the combustion
;
and finally the nature of the

variations which a very high temperature makes in the specific heats of

gases.

Each of these three parts is the object of a special memoir in this

volume.

The Apparatus used.

At first Mallard and Le Chatelier used a modified and enlarged form
of eudiometer, such as was used by Bunsen in his experiments * but with

a Beprez indicator to give the maximum pressure in each experiment

;

the eudiometer was provided with platinum wires between which an elec-

tric spark passing exploded the mixture of gases, and the maximum
pressure due to the explosion was recorded. It was soon found, however,

that explosions in such an apparatus gave irregular results from which no
certain conclusions could be drawn

;
for explosions in narrow tubes gave

* Pogg, Ann. t. cxxxi. 1867, p. 161 ;
and Ann. Chim. (4), t. xiv. 1868, p. 446.
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rise, after a very small fraction of a second from the 'beginning, in the
most explosive mixtures to a very fugitive pressure, due to an effect of
the ‘ explosive wave * discovered by Vieille and Berthelot ^ whereby pres-

sure is added during the propagation of the wave of pressure, so that the
pressure of a layer distant from the centre of propagation is momentarily
greater than of those nearer, and is therefore greater than the pressure be-

comes after the very short interval during which it is equalised ; the very
sensitiveness of the Deprez arrangement and the fact that it recorded just

the maximum pressure were therefore obstacles against getting a true idea

of the state of the gas as a whole during the explosion as to pressure. The
explosive wave for oxyhydrogen mixture has the uniform velocity ofabout
2,810 metres per second ; this.is called the specific velocity of the explosive

wave for this gaseous mixture, and is independent of the initial pressure.

The Deprez indicator was therefore discarded in favour of a mano-
meter devised by Bourdon, which indicated the pressures throughout the
whole process of explosion and cooling. In place of the eudiometer a
cylindrical vessel was used with diameter of its circular base equal to the
height of the cylinder, the explosion being made at the centre of the
cylinder; the propagation of the explosion in this vessel was, free from
the irregularities incident to the eudiometer. This wide cylinder in fact

was nearer in its shape and in its action to a sphere in which the explo-

sion is started at the centre, this being an arrangement the extreme im-
portance of which was not fully recognised at first

;
the advantage of the

spherical arrangement being that, as the propagation of the explosion
takes place uniformly in all directions, the effect would reach all parts ofthe
inner surface of the sphere at the same time, the temperature and pressure
would be more rapidly equalised throughout the gaseous mixture, and
the cooling would be regular from every portion of the outer surface.

Connected with this manometer was a style for marking on a sheet of
paper surrounding a vertical cylinder, which is made to rotate rapidly and
uniformly during an experiment, a line representing the rise and fall of
pressure throughout the explosion'and subsequent cooling.

The whole duration of an explosion is a small fraction of a second in
the case of the most explosive mixtures, and generally one second in these
experiments is a large interval of time.

•

Mallard and Le Ghdtelier, Experiments and Exults,

By observation of the rate of cooling, or strictly of the variations of
the pressure during the whole period of cooling, after an explosion, through
the diminution of pressure as registered by the chronograph for intervals
of O’Ol or a smaller fraction of a second, a curve is got giving the relation
between pressure and time, intervals of time being registered by the
abscisssB, and the pressures by the ordinates. An equation is then found
by theory to express the results of direct observation, and the equation is

normally that of a straight line, of which the abscissae and ordinates are
known from the conditions and recorded progress of the pressure in each
experiment. The form of the equation will be different according as there is

or is not condensation, as there is, e.g,, when water is one of the products
of explosion. Now by these formulas the rate of cooling is represented by
means of a straight line, and this straight line in most cases should cor-

’ C. B, t. xciii. p. 21 ; t. xciv. pp. 101, 149, 822
; t. xcv. pp. 161 and 199 : Ann, de

tJAiw. (6), 28, 1883, p. 289.
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respond with the result obtained from the tracings of the style during
the whole period of cooling

; this, however, is not alv^ys the case, and
in the exceptional cases it is found that, if the new curve is plotted out
from the numbers given by the experiment, the later portion of the cool-

ing will be represented by a straight line almost exactly for a consider-

able distance ;
but the line is found in some cases to be for a portion of

its length curved, the curved portion corresponding to very great tem-
peratures and pressures. The interpretation of these cases is that at the

. highest pressures, and therefore the highest temperatures, there is dissocia-

tioTii and that on cooling the dissociated gases gradually recombine till

at the temperature and pressure at which they have entirely combined the

line becomes straight through the rest of the cooling. Thus the line

deduced from the observed rates of cooling by means of the formula is

straight except in cases of dissociation.

A case in point is carbonic acid gas which undergoes dissociation at

high temperatures, so that when CO and O are mixed without being dried *

and the mixture exploded it is calculated that a temperature of 3100° is

reached, and that only about *6 of the mixed gases have combined; on
cooling the remaining mixture of CO with O gradually combines until at

about 1800° there is no dissociation, and from 1800° to the temperature of

the room throughout CO 2 is the only gas cooling. H2O vapour is not dis-

sociated in the conditions of these experiments below 3350°.

From Berthelot’s and J. Thomsen’s long-continued thermo-chemical
researches there are obtainable abundant data for the total heat of com-
bustion of hydrogen, carbon monoxide, cyanogen, methane, for the heat
of formation of hydric chloride from its elements, and of the conversion of

cyanogen by oxygen into nitrogen and carbon monoxide, and for other
reactions between gases which can be brought about by explosion.

In the case of an explosive mixture of hydrogen and oxygen it is

found that there is no dissociation at the temperature of combustion
3360°, the pressure corrected for cooling during combustion being 619 cm.
of mercury. By adding to the explosive mixture a volume of hydrogen
and exploding after this addition, the temperature of explosion, as found
from the observed pressure and rate of cooling, is lower the more the
mixture is diluted with hydrogen, remaining explosive. Calling now in

any case the total heat of combination Q, the temperature (corrected for

cooling) T, and c the mean heat-capacity of 18 grams of water-vapour
between 0° and T°, we have Q=cT

;
whence c is found to be 16 5 for the

high temperature 3360° of this experiment (allowance having been made
for water-vapour present before the explosion). Values of c for lower
temperatures are found by adding CO2 to the explosive mixture of

hydrogen and oxygen, the explosion giving temperatures at which CO2 is

not appreciably dissociated
;
from these values of c the next step is to find

a formula of the form c=a-l-5^, or with a third term in for the heat-

capacities of 18 grains of water-vapour for temperatures up to or beyond
3000°.

Returning now to cases in which oxyhydrogen mixture is mixed with
hydrogen and this mixture exploded, Q being the heat produced by the

explosion, at constant volume, of the hydrogen and oxygen which form 18
parts of water, and m being the mass of hydrogen added, c' the mean heat-

capacity of this hydrogen from 0^ to the temperature T' produced by the

* See Dixon, Phil. Trant, 1884, Part II.: and Chem. News, 46, pp. 151, 162.
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explosion, we have Q=(c+mc') T', from which npw thdJt e is known can
be found for varians temperatures ;

and hence the specij&c heat of hydro-
gen at different temperatures can be deduced. Similarly for the specific

heats of oxygen and nitrogen.

Above we have assumed the specific heats of CO 2 known below the
temperatures of its dissociation : these are found from the results of
exploding CO and O with varying quantities of CO2 sufficient for the

mixture to explode at temperatures below 2000®
; from the results of such

experiments, the product being CO 2 alone, a formula can be found to give
the specific heats of CO 2 at various temperatures below 2000°,

It should be mentioned in reference to the specific he^s of vapour of
water that Wiillner ^ deduces^ from experiments of his own combined with
Kegnault’s, the number 1*173 as the ratio between the specific heat at
100° and 0®, and that Winckelmann,^ from experiments with reference to
the coefficients of conduction of heat by gases and vapours, deduced for

the same ratio the number 1*172, which agrees closely with Wullner*s.

For the very high temperatures produced in these explosion experi-

ments the observed pressures, which excluded the momentary highest

pressure of the explosive wave, often exceed 600 cm. of mercury, but do not
exceed 10 atmospheres, and are under 8 metres; and it may' therefore be
safely said that, apart from dissociation, the gases raised to these high
temperatures at constant volume behave approximately as perfect gases in

respect to pressure and temperature, so that for each gas the pressure is

nearly proportional to the absolute temperature. The equation Cp=0„+ 1*98

therefore holds approximately (p. 28) and gives us an easy method of
deducing the specific he^ts, and also the molecular heat-capacities of the
gases at constant pressure.

MM. Mallard and Le Chatelier found that if for any volume of one of
the four gases hydrogen, oxygen, nitrogen, carbon monoxide we replace*

ill an explosive mixture of gases an equal volume of another of the four,

throughout the whole range of temperatures embraced in their experi-

ments the temperature of combustion remains unaltered
;
these observa-

tions led them to propound in 1882 ® the following law : The molecular
heat-capacities of perfect gases which are equal to each other at ordinary
temperatures are also equal to each other at about 3000° and perhaps above.

As the temperature rises the specific heats, not only of gases and
vapours in general, but of those called perfect gases also, increase

;
the

latter, it is true, very much more slowly

^

so that the difference between
the specific heats of, e.g.^ water-vapour or CO2 and of the so-called per-

fect gases is a great deal more marked at 2000° than at 0° : this is seen
in the numbers given below for the molecular heat-capacities at constant
volume of

at 0® at 2000®

The ‘ perfect ’ gases . . . . , . 4*8 . . . 6*0

HjO vapour . 6*6 . . . 12*2

CO2 6-3 . . . 13*6

HGl was shown to have the same specific heat, or nearly, as the other
perfect gases up to 1800°, and to dissociate not much before 2400°, the
temperature of explosion of HCl. A similar rapid increase in specifio

heat with rise of tempei’ature was observed for chlorine as for OO2 and
H2O. These results were confirmed subsequently by Berthelot and
Vieille.

> Wied. Ann. 4, 1878, p. 7. * Pogg, Ann, 1B9, 1876, p. 177, • C. JR. 96, 1883. ‘
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The anthers, bj showing that the specific heats of the so-called per-

fect ga4es obey the law applicable to all other gases and vapours—that

the specific heat increai^s as the temperature rises—have shown that one
supposed distinction between these and the rest does not exist

; and
draw this distinction between specific heats of gases and Boyle’s and
Gay-Lussac’s volume relations, that whereas the latter are concerned
with intermolecular actions mostly and with the motionsi of the centres

of mass of the molecules, the former are concerned also with the nature

of the molecule itself and of the relations of its component parts to each

other.

So far as specific heats are concerned it would seem then that the
general results gained by these experiments at very high temperatures
were two : that the specific heat in all cases of bodies in the state of gas
or vapour increases with the temperature, and that when a gas at high
temperatures obeys Boyle’s law its specific heat is independent of the
pressure

;
but this is not quite all, for that the laws of specific heats of

bodies in the gaseous state are to be looked for in the very molecules
themselves is a very important guide for any future investigations.

Papers on portions of the above subject have appeared from time to

time in the ‘ C. R.’
;
as in ‘ 0. R.’ 91, pp. 125-828

; 93, pp. 146-148

;

pp. 1014-1016
; pp. 1076-1079

; 95, pp. 599, 1352 ; 97, pp. 102, 157

;

also in the ‘ Bull, de la Soc. Chim.’
;

* Bull.’ 2, 39, pp. 268, 369, 572 ;

48, p. 122.

In the last-named communication ^ Le Chatelier, noticing that the
curves of specific heats of CO2 and H2O vapour converge to a point
below the absolute zero, infers that probably the specific heats of all

gases tend to the same limit as the temperature approaches absolute
zero. He proposes a formula for the molecular heat-capacities of gases,

0==6'8-|-aT, at constant pressure, 6*8 being the value for ‘perfect ’ gases,

T the absolute temperature, and a a constant for each gas depending on the
nature of the molecule of the gas, and being greater the more complex
the molecule. Applying this formula to CO2 and vapour of water, the
results for different temperatures agree well with those given by the
experiments of Mallard and Le Chatelier. If this result is accepted the
problem of specific heats of bodies in the state of gas or vapour reduces
itself to that of finding the general relation which connects a with the
molecule.

Specific Heats of Gases and Vapours at High Temperatures—
Berthelot and Vieille.

The investigations of Berthelot and Vieille on explosions of gaseous
mixtures led to similar conclusions to those deduced by Mallard and Le
Oh&telier as to the specific heats of bodies in the state of gas at very high
temperatures.

In the * 0. R.’ 94, pp. 101-108 Berthelot and Vieille give an account
of the phenomena accompanying the detonation in a long narrow tube of
explosive mixtures of hydrogen and oxygen and of carbon monoxide and
oxygen, and find the velocities of the explosive wave for the two cases,

their experiments giving 2,810 metres per second, and 1,089 metres per
second for the two explosive mixtures ; the theoretical bearing of these

results are discussed by Berthelot.^ Experiments were made by these

» Cy & J. Ahs. March 1888, p. 213. * C, Jt. 94, 1882, pp, 149-162.
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aatbors with different explosive mixtures, including as combustibles

hydrocarbons, cyanogen, and carbon monoxide and nitrous oxide as

oxidisers ;
and the results of mixing the explosive mixture with an inert

gas are investigated and the experimental results discussed.^ Asiimfnary

of the experimental methods, results, and conclusions drawn from them
are given in * Ann. Ohim,’ (6), 4, 1885, pp. 13-90.

The apparatus used for the explosions was a spherical steel bomb
provided with a very exactly fitting piston of known mass and section,

by means of which, as it moves under the influence of the pressures

developed during the explosion, the motion of a point rigidly connected

with it is recorded on a cylinder rotating in a period of about two
thousandth parts of a second. The readings were taken at intervals of

four ten-thousandths of a second, each interval corresponding in one set

of experiments to 5 mm. on a circular section of the cylinder as it rotates

round its axis with uniform motion ;
at intervals of 15 mm. in another set.

Calling lines parallel to the circular section of the cylinder abscissae

and lines parallel to the axis ordinates, values of hy for successive in-

tervals of time are easily got, for intervals, say, of time correspond-

ing to 5 mm. ;
and again from this row of valuesr of values of for

equal intervals of time ht are found
;
thus a series of ratios are ob-

ht^

tained. The greatest value of these ratios combined with the mass of

the piston is the maximum force exerted on the base of the piston during
the explosion, whence, from the known mass and section of the piston,

the pressure per square cm. is deduced. Thus successive pressures

during the explosion, and in particular the maximum pressure, are

known.
It is noticeable that Berthelot and Vieille account for the difference

between the pressure got by Mallard and Le Chatelier 9'95 atmos. and
their own value 10*1 for the explosion of CO 4-0 by the statement that

their number, 10*1, was got with dry gases, while the lower number was
the result of exploding in a mixture containing vapour of water

;
they

point also to the fact that Bunsen obtained 10*5 atmos., which agreed with
theirs better than with Mallard ^-nd Le Ch^tqlier’s number. But it is

probable that the lower number is more nearly correct, as Dixon has
shown * that the results of exploding CO and O partially dried are un-
certain, varying according to the amount of the trace of water-vapour
present, and that a perfectly dry mixture of the gases cannot be exploded
by sparks from an induction-coil.

The following are among the results obtained for temperatures up to
3000° and even getting on to 4000° (air-thermometer) :

—

The specific heats of gases are independent of the density or of the
volume of unit mass at these high temperatures, as is the case near 0°.

The apparent specifi'c heat (of a gas or a gaseous mixture) increases as
the amount of heat absorbed increases. These conclusions (p. 58) are
arrived at independently of any hypothesis about laws of gases and their

physical constitution, i.e., independent of Avogadro’s .h3rpothesis and of
any views as to the molecular constitution, and without assuming the
applicability of Boyle’s and Gay-Lussac’s laws (p. 51).

Mallard and Le Chitelier did not give results for the highest pressures
(and temperatures) given by the explosions

; but for temperatures up to

» a R. 94, p. 822 ; 96, pp. 161, 199. ^ Phil, Tmaf. 1884.



EXPERIMENTAL KNOWLEDGE OF THE PROPERTIES OF MATTER. 501

\

about 2800® for the specific heats of hydrogen, oxygen, nitrogen (the so-

called ‘ perfect gases *), as also of carbon monoxide and hydric chloride,

they found results agreeing with the formula for 0^,, the specific heat at

constant volume
,

C„=4*8+ -0006^.

Berthelot and Vieille found by experiments for greater pressures and
higher tempc^ratures values for C„ greater than were given by this for-

mula
;
and it is certain that the above formula cannot legitimately be

used for temperatures much higher than those on observations at which
^he formula is founded

;
on the other hand, it is doubtful whether the

results obtained from observations concerned only with the very highest
pressures are so accurate as the others. However this may be, Berthelot
and Vieille find that the mean specific heats of equal volumes of hydro-
gen, oxygen, nitrogen, and carbon monoxide at constant volume is

doubled in passing from 0° to 4500®
; and they give the formula

C„=6*7-l-*0016 (^— 2800) for temperatures above 2800°. Except in

respect of these very high temperatures, the results agree for the gases
named remarkably well with those of Mallard and Le Ch&telier.

Gases such as chlorine, nitrous oxide, carbon dioxide, which have
specific heats between 0° and 200° greater than those of the gases men-
tioned, and which, according to Regnault’s results and those of E. Wiede-
mann, have nearly equal specific heats at these lower temperatures, have
nearly equal specific heats at about 1800°.

For vapour of water the molecular heat-capacity was found to be
18*12 at 3240®. Mallard and Le Chatelier had found 16*6 at 3350® and
that there was no dissociation at this temperature: these results are in

fair accordance with those of Berthelot and Vieille.

These authors go on to discuss the absorption of heat in the form of

specific heat and in dissociation
;
attributing the former to actions on the

molecules themselves either in increasing the kinetic energy of rotation

and vibration of the molecules or of their component parts, or to a disgre-

gation of the molecules without dissociation
;
as in the cases of CO2 and

N2O, in which cases heat is absorbed up to 200°, as shown by Regnault’s

results as to the specific beat of these gases and the increase of specific

heat with rise of temperature.
This absorption, of heat during the disgregation of molecules, Sue., as

shown by the rise of specific heat with rise of temperature has an
important bearing on the heat of combustion at different temperatures, as,

e.g., in the cases of CO and H2 to form CO 2 and H2O. In the case of the

formation of HOI from 1 gram of hydrogen at constant pressure, although

this gives 22,000 thermal units at 0°, yet at 2000° the heat evolved is

about 26,000, the difference being due (apart from dissociation) to the very

great increase in the specific heat of chlorine between 0° and 2000°

;

whereas 1 gram of hydrogen, in combining with oxygen to form water,

evolves at 0° 29,000 units, and at 2000° (in consequence of the great rise

in the specific heat of H2O vapour from 0° to 2000°) 25,300; hence the

beat of combination of H,01 is greater than that of J (H2 ,
0) at 2000°,

although less at 0°, at constant volume. In the explosions of hydrogen
and dfygenj and of hydrogen and chlorine, in closed vessels there appears

tQ be little or no dissociation of HOI or of H2O at 2000°.

At p. 84 of this volume of the ‘Ann. Chim.’ Berthelot questions

the validity of Avogadro’s hypothesis and its applicability in particular
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to chlorine and iodine, and prefers interpreting the diminishing dehsity

of both at very high temperatures by admitting these to be among
numerous exceptions to Boyle’s and Gay-Lussac’s laws

;

* there exists,* he
says, p. 88, * no valid reason for preferring, in the definition of . tempera*

tures, the indications of an air-thermometer to those of a chlorine-ther-

mometer.* Now Sir W. Thomson* had shown that Carnot’s function

affords a foundation for a system of thermometry not dependent on
special properties of some individual substance, but derivable from the

properties of any substance whatever; and in conjunction with Joule

published a series of investigations * On the Thermal Effects of Fluids in

Motion ’ * in which the authors arrived at a means of estimating tempera-
tures on an absolute scale.

*

The definition given ^ shows the principle on which the absolute

system of thermometry is, founded, by which temperatures are measured
on ‘ the thermodynamic scale *

;
‘ if any substance whatever, subjected to

a perfectly reversible cycle of operations, takes in heat only in a locality

kept at a uniform temperature, and emits heat only in another locality

kept at a uniform temperature, the temperatures of these localities are

proportional to the quantities of heat taken in or emitted at them in a
complete cycle of the operations.*

From the experiments of Joule and Thomson, in which gases, e.g., air

(hydrogen
;
and carbon dioxide) was made to pass through a porous plug

at various pressures, the change of temperature being observed, results

were obtained by means of which a formula was deduced, giving the

absolute temperature in terms of the temperature by the air-thermometer,

and a table of corrections for -temperatures from 0® C. up to 300° C. by
which these air-thermometer temperatures might be converted into tem-
peratures on the thermodynamic scale; the correction not exceeding,

within this range of temperatures, half a degree on either scale whether
for air at constant pressure or for air at constant volume.

Melation of Volume to Temperature—Solids and Liquids.

The rates of expansion of bodies in the solid and liquid states are very
much smaller in general than in the gaseous state; this rule does not
always hold, however, for liquids under the critical point when subjected
to great pressures, as shown first by Thilorier for CO2 ,

the expansion of
which in the liquid state under the conditions specified exceeds that of
gaseous G02 *

* Solids.
•

For solids a very large number of results, sufficiently accurate for the
purpose at least of drawing an inference of a general kind, were obtained
by a number of experimenters about the end of last centuiy and the
beginning of this, showing that the coefficients of linear expansion of a
large number*of metals and alloys, and of glass, between 0° and 100° lie

in general between 10~^ and 8 xlO'^; to these have been added results

got by Dulong, Biegnault, Kopp, for metals and other elements, for

varieties of glass, and for a number of minerals for this temperature-
range, and for higher temperatures in some cases ; by Playfair and Joule

'

for a number of crystalline compounds ;
^ by Pfaff,^ and by others. M

* Comb. Phil, 8oe. Proe. June 6, 1848 ; and Phil. Mag. Oct. 1848.
* Phil. Pram. 1863, 1864. * Ibid. 1864, p. 361.
^ C. a. J. 1, 1849, p. 121. » Jahresb. 1868, p. 7.
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The general result o^/these data is that solids in general expand very
elowly indeed with rise of temperature, at least between 0^ and 100°, but
as the temperature-limit is increased so as to include higher and higher
temperatures the rate of expansion in general increases

;
if the coefficient

of linear expansion remained constant a unit length at 0° would become
14-M, where t is the coefficient of linear expansion, the cul)ical expansion
being approximately l+3a^, in which 3a is the coefficient of cubical ex-

pansion ;
or if we determine the coefficient of cubical expansion a that of

linear expansion is But in general it is necessary to add a term in
ij

to express with sufficient accuracy the results of experiments.

Although many most accurate determinations have been made in

recent times on the expansion of solids the results are not connected
with any general laws, as in the case of the expansion of gases with rise

of temperature. ’

Liquids,

Mercury.—The absolute expansion of mercury was determined by
Dulong and Petit and their results given on p. 136, ‘ Ann. Chim.’ (2), 7,

1818. Begnault, using Dulong and Petit’s general method with improve-
ments, made an extensive series of determinations of volumes at 0° and
350°, and for every interval of 10° between these limits, with the co-

efficient of expansion at each temperature and the mean coefficient

between that temperature and 0° C.^ At temp. 100° the true coefficient

is given as 0 00018305 by misprint for *00018405.^

By means of the absolute expansion of mercury it is easy to find the

expansion of a thermometer-tube or other similar glass vessels in which
the expansions of liquids are observed, so that from the apparent expan-
sion of the liquid in the dilatometer, as such an instrument is called, the

true expansion may be determined. This is of fundamental importance
for- the determination of the expansions of liquids. For results obtained

by Bosscha and Wiillner see * Jahresb. f. Chem.’ 1874, p. 70.

Water.—Feltz ® gives an account of experiments by Rossetti (professor

at the University of Padua) on the maximum density and the dilatation of

distilled water ; for the temperature of maximum density Rossetti finds

4*07°, agreeing very closely with H. Kopp’s value 4*08° ^ and differing

from 4*00° given by Despretz,® and from 3*92° given by Pierre.® The
above-named and other experimenters gave tables for the volumes and
densities of water at temperatures up to 100° 0. and below 0°

;
Sorby ^

and Mendelejeff ® gave results for water above 100°
;
and Him ® for a

number of other liquids, chiefly organic, up to and above their ordinary

boiling-points, and in the case of water up to 200°. In the case of wat#
the. rate of expansion is more rapid the higher the temperature above
{about) 4°

;
and below this, in the unstable condition of water remaining

^liquid below its ordinary freezing-point it expands as ten<f)erature sinks ;

ih other words', at 4° water has its maximum density, the densities

diminishing i|pm 4° to —10°, and from 4° to 200°. For further references

* de VAoad, t, xxi. 1847f p. 271. ® See Watts’ D-iot. iii. p. 56.
* Ann. di Chim. (4), 10, 1867, p. 461. * Pogg. Ann. 72, 1847, p. 48.
* Ann. Chim. (2), 70, 1839, pp. 24, 47, 48. • Ibid. (3), 16, 1846, p. 348.
’ PhU. Mag. (4), 18, 81. • .

• Pogg. Ann. 119, 1863, p. 1.
* Ann, Chim. (4), 10, p. 32 ; and 1867, p. 6.
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as to the relation of volame to temperature for liquids generally see foot^

note.* '

Th^e more or less successful attempts of Kopp and of Schroder to find

relations connecting the volumes of liquid compounds at their boiling-

pointS) with volumes of their component atoms, were based on the idea

that liquids should be comparable among one another at their boiling-

points (or at points equidistant from these).

Volume and Temperature. Liquids—Recent Investigations,

Ramsay ^ made a number of determinations by a new and ingenious

method in which the liquid w%s heated to the temperature of its boiling-

point in a small glass vessel from which, by the expansion of the liquid,

drops of it overflowed, as the temperature rose, into a larger vessel sur-

rounding it. This latter vessel had a small portion of the liquid to

bo examined, which was kept boiling vigorously by a flame under it, so

that the inner vessel was kept constantly surrounded by the vapour at

the boiling-point of its own liquid. By this arrangement the density of

a volatile liquid at its boiling-point is determined.

Thorpe ^ made a most extensive series of determinations of a large

number of liquids for temperatures at intervals between 0° and over 100®

(air-thermometer), every precaution being taken to secure against sources of

error, the results being expressed by equations of the form + +
where V is the volume at temperature

To find a Simple Relation between V and tfor Liquids.

The question arises whether—out of all the abundant and accurate

material at hand as the result of experiments made on large numbers of
liquids at such a range of temperature for each liquid that its expansion
may be expressed generally with great accuracy in terms of the tempera-
ture by formulas like that just written—-it is not possible to find some
simple approximate expression for the expansion which could be applied
to each liquid by giving to a constant in the expression a number corre-

sponding to each. In respect of the expansion of gases such an expres-
sion is supplied by Gay-Lussac’s law, which is an ideal law to which
bodies conform in the gaseous state, and is such that bodies in the ideal

gaseous state expand equally for equal increments of temperature. In
respect of liquids, as will be seen at once by inspecting tables of volumes
of bodies in this state, the expansion is very obviously difierent for differ-

ent liquids. Any expression, therefore, for their expansion must involve
some constant which is special to each.
* Bosscha^ has proposed V* = Vq x in which a is a constant charac-
terising each liquid. Avenarius ® proposed another formula ; and others
before these ^tes have made attempts to find simple formulas, bo

* Despretz, Ann. Chim. (2), 73, 1840, p. 6. Pierre, Ann. Chwi. (3), 16, 184^if
p. 326 ; 19. p. 193 ; 20, p. 6 ; 21, 1847, p. 336 ; 31, p. 118 ; 33, 186|| p. 119. Drion,
Ann. Chim. (3), 66, 1859, p. 6. Andr6ef, Ann. Chim. (3). 66, I«69, p. 317. 6.
•Kopp, Pogg. Ann. 72, pp. 1 and 223. Liebig*s Ann. 94, p. 267 ; 96, p. 307 ; 96, pp. 163
and 303. Elsasser, L. Ann. 218, p. 302.

* C. 8. J, Tram. 1879, p. 463, and 1881, p. 49.
* Ibid. 1880, pp. 141, 327.
* Pogg. Ergi 6, 1871, p. 276.
» Bull. Ah. Petersb. 24, 1878, p. 526.
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abstracts publisbe^ in the ‘Fortsohr. der Physik ' since 1845 will be
found attempts in this direction.

Mendelejeff*8 Relation between V and tfor Liquids. '

Mendelejeff^ proposes the formula V= 1/1 — kt^ similar to Gray-
Las^o% formula for gases, but in which A; is a specific constant for each
liquid

;
and substantiates this as an approximate formula by applying it

to the volumes given by Thorpe for liquids at various temperatures, 10°,

30°, 60°, and in some cases 160°. Arrangiog 47 liquids studied by Thorpe
in order of their rates of expansion with rise of temperature, from the
least to the most expansible, an inspection of the figures is sufiicient

^ suggest at once the idea that all expand in a similar manner, and that
the difference between their expansions is one of scale only. This 'is

shown by Mendelejeffby taking the expansion for mercury as calculated by
him from Regnault’s results in the form V=1 4- 10—’*

. ISOIT + 10“^
. •2T^,

in which T is any temperature of the mercury. Comparing the expan-
sion of mercury with that of PBr3, one of the least expansible of the
liquids given in the table, and with nitric peroxide N2O4, the most rapidly
expanding liquid of those given, Mendelejeff shows that 46’8°, 93*7°,

140*9°, 189*1° are temperatures T at which the volumes of the mercury
(vol. at 0°=1) are the same as are the volumes of PBr3 at temperatures
t such that Tjt is 4*68, 4*68, 4*69, 4*72. So for comparison of the
volumes of mercury and nitrogen peroxide at temperatures T and t re-

spectively, he finds for mercury at temperatures 43*6°, 86*5°, 129*7°, 174*6°

the same volumes as nitrogen peroxide has at temperatures 6°, 10°, 16°,
20° respectively, so that in this case T/t has the values 8*72, 8*65, 8*65,

8*70, showing that phosphorus tribromide expands 4*7 times more strongly
than mercury, and nitrogen peroxide 8*7 times more strongly than
mercury, but in qualitative respect the expansion of these as well as
Dther liquids is on a uniform plan.

As the density of a mass is inversely as its volume, if we take th©
density of a liquid at 0° as 1, the density D=l— at the ternperature t\

hence dDJdt = —

h

(or if density is Dq at 0°, D=D° (1

—

kt)f and
dDjdt = — A;Do). This result is remarkably confirmed by some specific

gi*avity determinations, by Miss E. K. Gutkowska in Mendelejeff’s
laboratory in 1881, of some American kerosene (petroleum). At 0°, 16°^,

82°, 48° the specific gravities found were *8066, *7940, *7824, *7708,

whence an equal difference *0116 for equal temperature-intervals; here

*000725. Similar results were obtained for Baku

petroleum.* ^
Mendelejeff remarks that he found in 1860 ® that th© coefficient of

change of density of liquids varied more simply than the coefficient of
change of volume

;
and that this, combined with his investigations from

*1880 to 1883 (loc. cit.) of the products of distillation of Baku petroleum
in which he wjis obhged to find the change of density with changing
temperature, induced him to consider all liquids in reference to change!
of density rather than volume in the first place, and that he thus arrived

at the law of expansion V = 1/1 — A;#.

* <7. A 1884, p. 126. * Russ. Phys. dum. 800. Jovrti. 1883, p. 189.
• L. Ann. 114, 165.
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The author finds that liquids near their boiling-point show some
deviation in their rates of expansion from those calculated from the above
formula, in the sense that the observed expansion is greater than thet
calculated; the volume of PBrg, B.P. 173®, is found at 160° to bo
1'1662; the oalcnlated value (7<;=*000841) is 1‘1655

; on the other
hand in one case^ that of a paraffin melting at 38°, Beilbj has ^ shown
that the change in its specific gravity with temperature is feom 38°

to 60° quite constant
;

*= — *000727
;

the deviations of volatile

liquids from perfect accordance with the law expressed by the formula
are nearly always small, but near the boiling-point quite appreciable

;

and for different liquids the deviations are of different sign
;

if

we consider Mendelejeff^s equation as expressing the ideal form
of expansion for liquids by analogy with Guy-Lussac’s expression for
expansion of gases, then the deviations from the ideal form will be greater,
the less the density of the liquid, the greater the cohesion (the value a *),

the less the molecular weight, t.e., the less the vapour-density. Water
has a small molecular weight and very great cohesion, the molecular
weight being the smallest for all common liquids

;
these facts, taken in

conjunction with the small difference between the temperatures at which
liquid water changes its state of aggregation to the solid and gaseous
respectively, account for the anomalies in the expansion of water; for
which, in fact, the equation does not hold, the values of h found within
different temperature-ranges being quite different. No other liquid shows
80 rapid a rate of expansion from 4°.

On p. 132, in a footnote, Mendelejeff refers to a paper by him in
which he has shown a dependence of coefficient of expansion of gases
on the molecular weight

; this coefficient increases with increasing mole-
cular weight. He draws special attention to the case of chlorine, which,
therefore, has a large coefficient of expansion : this fact, he says, should
be taken into account in regard to the alleged dissociation of the chlorinb
molecule.

Thorpe and Riicker on the Relation of to Critical Temperature.

In the paper immediately following Mendelejeff’s (l6c. cit. p. 135),
Thorpe and Rucker discuss the formula given by Mendelejeff in connection
with Van der Waala’ theories. The result of this paper is to show a
simple relation connecting Jc, MendelejeflPs determinator of expansion,
with the critical temperature of the liquid.

In the Leipzig edition (1881) of Van der Waals* dissertation on the
continuity of the gaseous and liquid conditions, on p. 128, he states two
general relations, which show that temperatures and pressures are
corresponding temperatures and pressures for two different bodies when
they are such that the ratio of the absolute temperature in the case
of one body to the absolute critical temperature of that body is the same
as this ratio for the other body

; for w'hen the pressure, volume of
liquid, volume of saturated vapour for the two bodies at these two
temperatures are compared, the ratios of these pressures and volumes are
found also to be in the same ratio to their valnes at the critical tempera-
ture—the same, that is, for both bodies. Corresponding conditions foi^ two

' C. S. J. 1883, Trans. 338. * C. R. Feb. 14, 1876.
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bodies—not solid—are therefore conditions under which, in the above
sense, temperature, pressure, and volume correspond ;

the boiling>points

at any pressure are not, therefore, points at which bodies are to be
expected to correspond in physical properties, and the principle of Kopp’s
method and that of others for comparing bodies as to molecular volumes
or molecular heats is in this particular not strictly correct.

On page 152 of Van der Waals* * Continuity, &o.,* the following con-

clusion is stated :
* The coefficients of expansion of individual bodies

under corresponding conditions (of temperature, <fec.) are inversely pro-

portional to the absolute critical temperatures of the bodies *
;
in which,

&om the context, it is seen that by the coefficient of expansion of volume

V at absolute temperature T is meant i in which is the partial
v dT dT

differential coefficient, being rate of variation at temperature T with the
temperature only and without alteration of pressure.

Hence for any pair of corresponding temperatures the values of

1 dw

V dT
are to each other inversely as the absolute critical temperatures of

the two bodies ; and therefore if Ti is this temperature for one of the

bodies, ~ ™ X Ti=C, a quantity which is the same for each body. Now
V dl

Mendelejeff^s formula may be written l/v=l--7<; (T—273) ;

whence

and

therefore

flierefore

and

dT
1 dt;

V dT
=:A;/(l-7^.T-273);

T,=J:T,/(l-fc . T-273) ;

(T-273)=ST,/C;

C
=(l+273&)/iTi—T/T,.

But 0 must be independent of the individual body, and dependent only
on the ratio T/Ti

;

and h is dependent ttot on T but on the body and
therefore on Tj. These conditions are satisfied if

l-|-273/<;=uA;Ti (a)

so that T/Ti, a being an absolute numerical constant. We thus

have an equation connecting a, and Tj which^ when the value of a is

known, will give Mendelejefi’s h in terms of the absolute critical tempera-
ture of the body. This equation (a) may be put in this form :

—

l/A!=aT,-273;

from which l/A;--(T-273)=aT,-T;

so that l/t;s=A; (l//b— (aTj— T).

Hence the density of a given liquid is directly proportional to the result

of subtracting the absolute temperature from a times the absolute critical

temperature of the body.
To determine the value of a we have then to find a number of bodies
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which, in the liquid state, conform to MendelejeflTs law with sufficient

accuracy, and of which the critical temperatures also are known; if the

values of a so found are nearly equal we have a strong confirmation of the

relation between h, a, and Tj expressed in equation (a).

The relation between the volumes at t° and 0® (ordinary scale, air-

thermometer) is that

Vf aTi—273
^

, . Tr,-273
whence, if Vo=l» «=ar7 T\»1 )

e

the equation by which the values of a may be obtained.

The authors give a number of tables of values of t or (T— 273) and

Vi for different liquids, for which in each table the critical temperatures

have been determined by some one observer, together with the value of a
in each case. The table annexed—Table 1, p. 138—in which the critical

temperatures have been determined for all the bodies by Sajotschewsky,*

is a good illustration :

—

Substance t

Ethyl chloride . 10
Ether .... 30
Benzene .... 80
Ethyl formate . 60
Ethyl acetate . 70
Methyl acetate . 60
Chloroform

»
60

Vt T, a

10160 P. 465-6 1-993

1-0483 K. 463-0 1-996

1-1064 K. 663-6 1-996

1-0736 K. 603-0 1-996

1-1040 K. 512-8
'

1:981

1-0733 K. 602-8 1-999

1-0818 T. 633-0 2-001

The letters P, K, T indicate that the expansions were determined bv
Pierre, Kopp, Thorpe. The mean value of a is found to be 1’995, whicn
nearly agrees with each individual value.

Other tables are given, in which critical temperatures are made use of

which had been found by Ramsay ^ and Pawlewski.® The result of all

the determinations is to show that a differs from 2 by a very small frac-

tion. For a perfect liquid (i.e., where h is constant) we have, at constant

pressure

—

forDerfocttrasea”'—
^

2T,-T . to' perfect gases

From equation (a) we have now—

»

l/A;=2T,-273 . . . . .

a formula by means of which, in the case of a volatilisable liquid gene-

rally, the critical temperature can be calculated from observations on its

* expansion * as a liquid.

On page 144 is given a table of the observed absolute critical tempera-

tures of the bodies in the table cited, and by side of these the calculated

critical temperatures. The correspondence is so close that it is worth
while to reproduce the table here.

* Wled. Beihl. 1879, p. 741. * Proe. Roy. Soc. 81, 194.
• Rer. 16, 1882, p. 2460 ; 16, p, 2633.
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Absolute Critical Temperatures,

It is noticeable, too, that the errors fall in both directions.

Objections by MM. Bartoli and Stracciati.

In the course of a study of the physical properties of American petro-

leum (from Pennsylvania) MM. Bartoli and Stracciati ^ criticise the pro-

positions of Mendelejeff on the volumes of liquids and their expansion by
heat, and the deductions of Thorpe and Rucker from Van der Waals’ and
Mendelejeff^s conclusions.

MendelejefiTs ‘ very interesting memoir * is resolved by these authors

into three propositions :

—

(A) Any two liquids which dilate equally between (say) 0® and 10°

will dilate equally between 0° and
;
and if the dilatation of one liquid

is greater or less than the other liquid between 0° and 10°, it will also be
greater or less between 0° and t°.

(B) Let Vq, Vj, V2 > ' • • • >
he the volumes of a liquid at tem-

perature 0°, ^
1 , • • • • >

then, if another liquid has the same volumes
at temperatures 0°, ^2^ • • • • i

we shall have

—

(C) The volume V* of a liquid at temperature t is expressed (in terms

of the volume at 0° as unit) by the equation,Y<j=l/l —
They proceed to say that proposition (A) can only be taken as an

approximation, and that ^it is easy to see’ that it is deduced from the
formula of Van der Waals.

Now Mendelejeff says,^ ‘Just as for gases the expression V=1 4*

applies only to a first approximation, or to a so-called ideal gas, so does

the expression V= (1— Jet) apply for liquids only to a first approximation,

namely, to ‘ideal liquids,* giving in a foot-note his idea of the characteristics

of an ideal liquid. Mendelejeff has not claimed more for his formula and
his general conclusions than that they are approximate.

Again, ‘ it is easy to see ’ that MendelejeflTs result, as embodied in A, is

deduced from the formula of Van der Waals may mean that it is not easy

to show ;
if these authors had shown this they would have given a theore-

tical confirmation of a result of Mendelejeff’s experience.

Again, they object that if proposition (B) is true, then in the formula

which expresses accurate determinations of expansions of many liquids, viz.,

V|»1 -f at 4- bt^ -h ct® -h dt^ we should have a=s6/a=sc/5=d/

;

relations

which are not verified: this would be a fatal objection if Mendelejeff

» Ann. Chem. Ph. (6), 7, 1886 d. 384. * C. 8. J. Trans. 46, 1884, p. 131.
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maintained that his results were rigidly accurate
;
but al they are only

approximate the objection falls to the ground.

Again, they give a table for the dilatations of water and other liquids

which Him had studied at a pressure of 11*5 metres of mercury
;
and

deduce from these tables, by means of Mendelejeff *s formula, the value

of h for water, from 100® to 200®
;
for alcohol, from 50® to 200®

; for

ether, from 21*55° to 133*66®
;
and for (essence of) terebenthene from 40°

tol60®.
*

The value of h for each substance in these determinations they find

not to be constant but to vary with i, increasing as t rises ; now the first

example chosen is that of water, which even below 100® Mendelejeff finds

to be a quite I'emarkable exception in being far removed from an ideal

liquid; and with regard to the other examples (to which 'are added in

this paper of Bartoli and Stracciati, ammonia, nitrous oxide, carbon
dioxide, and ethyl chloride), it may be remarked that in Mendelejeff ’s

paper, p. 131, there is this foot-note:—‘A subject for further experimental
investigation would be the solution of the question, in what manner and
how much the expansion of volatile liquids is changed at different

pressures. I should like to submit this theoretically important question

to an experimental solution.’

The Oontinuity of the Gaseous and Liquid States.

In nature we find no substance which is an ideal gas or an ideal

liquid
;
however nearly a body may conform to either of these ideal states

within certain limits there are always deviations from such conformity
outside those limits ; so that volatilisable liquids, which in one direction

tend to obey Mendelejeff ’s law within certain limits of temperature, in

the other direction will, in general, under suitable conditions, tend to

conform with Gay-Lussac’s law. There is, however, in all cases a more
or less considerable range of intermediate conditions in which the expan-
sion of the body is not even in approximate conformity with either law.

Andrews * showed by experiments on various bodies that, when a con-
densible body is in the state of vapour, there exists a temperature—the
critical temperature—^at and above which no amount of pressure could
make any appearance of discontinuity in the body acted on : no meniscus
could be observed indicative of the separation of the body

—

e.g., CO2
—

into two distinct portions of different densities ; above the critical tenl-

perature there is, as shown by graphic representation of the experimental
results, a continuous curve for each temperature.^ Below the critical

temperature a sufficient pressure produces a meniscus,indicating a sepa-
ration of the body into a heavier and lighter portion ;

and generally, at
temperatures below the critical, the diagram representing the variation of
volume with pressure showed a portion of the line as straight during
the compression so long as the less dense upper portion was visible

;
after

this the curve sho'ws a rapid increase of pressure with given decrease of

volume. The whole line of pressure-volume consists, roughly speaking;

at these lower temperatures of two curves joined by a straight line.

Above the critical temperature there is perfect continuity
;
below it, dis-

continuity ; above, the relation between p and v (t constant) could con-

ceivably be expressed by an equation representing the continuous curve ;

* Phil. Trans, ii. 1869, p. 676.; and 1876, p. 421.'

* 1869, p. 676.
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and a single eqnation might give a relation between jp, v, and t, which
wonld apply to all pressnres and volames, and to temperatures above the
critical point. Yet from the discontinuity at lower temperatures this

equation would hardly seem applicable throughout.

In 1871* James Thomson suggested that the isothermal curves are

not really but only apparently discontinuous, and that their true form is

such that in place of the straight part there is a curved part continuous
with the rest, and situated partly on one side and partly on the other of
the straight part.*

The transition from the gaseous to the liquid state, in this view of

James Thomson, is gradual, regular, and continuous for each tempo*
rature \ and the idea of finding a mathematical relation between jp, v, and t

for all temperatures may be realised. Sucn perfectly general equations

have been given by Van der Waals, Clausius, and others ; but however
approximately these formulas represent certain sets of experiments, none
seem to have been proved to have the generality required.

Less general relations we have, as Boyle’s, Gay-Lussac’s, and
Mendelejeff’s laws ; a law stated by Amagat as applicable to fiuids under
great pressure: p (y—a)=const. [‘Ann. Chim. Ph.’ [5], 22, 1881, p.

395] ;
and another by Amagat for high temperatures or low pressures :

«=:c G— [‘Ann. Chim. Ph.’ [5], 28, 1883, pp. 505, 506], and
10. E. 94, 1882, p. 817].

«r

General Equations for p, v, and T.

The general equations of Van der Waals, Clausius, and others,

though not yielding results fully in accordance with all the experi-

ments for bodies in the state of liquid or of gas or vapour by Amagat
and others, give so close an agreement through large ranges in cases to

which they have been applied that each of them must be looked upon
as a tolerably close approximation; the most important of these

equations are

;

p v=R T— Rankine.®
Tt?

(p+r') (y—;//)=RT; Hirn.^

jpvssR T ^1
““— ) J

Recknagel.®

(p + -^)=R T ;

or, p=E— -- ; Van der Waala.®
V— 0

T
v—a T (v -H /3)*

p=R

_P _ J
RT V—a (v 4*

; Clausius.^

AT**- B
;
Clausius.®

* J^oo. Roy. 8oo. 1871, No. 130.
* MaxwelVs Theory of Reatt 4th ed. p. 126. * Phil. Trans. 1864, p. 336.
* ThSo. Meo. ChaHemy 2nd edit. t. i. p. 196 ; 3rd edit. t. ii. p. 211.
* Pogg. Ann. Erghd. t. v. p. 663; and t. cxlv. 1872, p. 469.
* Leipzig edit. * Die Continuatat,* 1881, p. 126.
’ Wied, Ann. 9, 1879, p. 127. * Ibid. 14, 1881, pp. 279, 692,
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These equations are to be found in the articles ' Clausius, in
‘ Wied. Ann/ referred to; and in ‘Ann. Chim.* 6, 30, 1883, pp. 358 and
433, in which Clausius’ articles are translated.

Another equation is given by Sarrau,^ as a modification of Clausius’

:

_ RT _ Ke-^’^

^ v— a (v+/3)®*

Bamsay and Young*8 Isochoric Lines,

In the ‘ Philosophical Magazine ’ for May and August 1887 is published

Part VI. of a series of papers by Ramsay and Young on Evaporation
and Dissociation. In this part, from very copious data extending over

large ranges of pressure, temperature, and volume, a relation is deduced
from the isotherms for ether, carbon-dioxide, methyl alcohol, and ethyl

alcohol, from which the following conclusion is drawn —

‘

The relation

between the pressures and temperatures of a liquid or gas at constant

volume is expressed by the equation p=5T-- a, where jp is the pressure

in millimetres, T the absolute temperature, and a and 6 are constants. The
values of these constants depend on the nature of the substance and on
the volume. It follows from this that if a diagram be constructed to

express the relations of pressure, temperature, and volume of liquids and
gases, where pressure and temperature form the ordinates and abscissse,

the lines of equal volume are straight.* These lines are called isochors. i

From very numerous data ob^lained by themselves for ether, and
published in ‘ Phil. Trans.’ 1886, p. 10, the authors found " series

of values of p and from which it was seen that for each volume
of a gram of the substance the lines passing through points, in which

p and t were taken as ordinates and abscissas, were, at least approxi-

mately, straight. The volumes in the case of ether ranged from 1*9 cc.

to 300 cc.
;
the pressures from 860 mm. to 52,700 mm.

;
and the tempera-

tures from 50® to 280® C. For each isochor the value of^ (or h) was
dt

found by finding the whole difference of pressure through the largest

range of temperature
;
and the value of a by taking the mean of the

values for different points on each isochor. The isochor constructed by
drawing the line p=5T

—

a was found to agree wonderfully well through-
out with the points found by experiment

;
the equation for each being

verified by deducing from the series of isochors thus found the isotherms ;

these calculated isothermal lines were found to give results agreeing very
closely indeed with actual observation.

Clausius ® had drawn attention to the fact that the line of observed
vapour*pressures must cut James Thomson’s curve in half, so that the
volume above the line is equal to that below it. Now the equation

j5=5T—a represents the whole series of isochors for ether by putting for

h and a their values for each volume
;
and the calculated isothermal lines

pass close to the observed points on them
;
but for values of v corre-

sponding to the sinuous part of each isothermal, the value of p can be
calculated from the equation

; this part of the curve can be traced by
means of the equation, assuming that the relation ^ss5T—a applies to
the part of the curve on which we have no observations as well as to the

* a R. ci. 1886, p. 1146. * Phil. Mag. May 1887, p. 436.
• Wied. Arm. 9, 1879, p. 127; Ann. Ckim. 6, 30, 1883, p. 881,
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Temainder. Ramsay and Young devised a method for constructing the
horizontal line (line of equal pressures on Andrews’ diagram correspond-
ing to the vapour-pressure for any temperature), and obtained these lines

for the various isothermal lines so accurately dividing the volumes into

equal parts that it was found that the vapour-pressures thus indicated

agreed with those of experiment within 1 per cent. This is a remarkable
confirmation of the accuracy with which p=s&T— a represents lines of

equal volume.
Similar results were obtained for CO2, and for methyl alcohol and

ethyl alcohol
;
and the equation p=s&T—a war confirmed as a remarkably

accurate representation ofthe lines of equal volume for these bodies in the
gas-liquid state.

For acetic acid and for nitric peroxide the isochoric lines were not
straight, but were curved in such a way that points on them for high
temperatures were on nearly straight lines, which would be isochors for

the forraulee O2H4O2 and NO2, supposing that compounds with these

formulae in the gas-liquid state behaved as alcohol and ether do
;

it is

noticeable that in the gaseous state acetic acid and nitric peroxide do not
attain constant vapour-densities till they have been heated considerably

above their boiling-points. It must be observed, however, that this is a
matter of degree

;
and so far as acetic acid is concerned, there is as yet

hardly sufficient reason for supposing that acetic acid forms a true polymer.
The case of nitric peroxide is, perhaps, a case of polymerism in which we
have two distinct chemical substances, NO2 and N2^4 • there are, in fact,

distinct physical differences between nitric peroxide at a low and a high
temperature.

On the Nature of Liquids.

In a paper on this subject* Ramsay and Young bring forward a
number of considerations from researches of their own,^ among which is .

a series of determinations of densities of the saturated vapours of alcohol

and acetic acid
;
in both these cases the vapour-density, at high tem-

peratures, becomes abnormally great : thus, for alcohol at temperature

'

about 250° the pressure is 32,000 mms., and the vapour-density of
the saturated vapour 45, the normal being 24 from, the formula

; for

acetic acid at 250° and 15,000 mms. the saturated vapour-density is 65.

But there is this difference between the two cases : the vapour-density

at saturation diminishes continually with alcohol till it becomes normal,
i.e.y 24 at about 20°—similar results to these were got for ether. The
case of acetic acid is quite different

; for, although at temperatures above
150° the saturated vapour-density continually increases with rise of tern-,

perature, and this vapour-density sinks as temperature falls to 150°, yet,

as the temperature falls below 150°, the vapour-density begins to increase

again, till at 20° it is the same as at about 270°; nor does it become

-

normal, although at 20° the pressure is only a few millimetres, and the-

vapour-density 69 nearly corresponds to 60 for (0211402)2; but the

nature of the curve of vc^our-densities of acetic acid at saturation does>

not suggest a limit at this point.

Ramsay and Young argue thus with respect to acetic acid : High
temperatures are favourable to chemical decomposition, or dissociation of

complex molecules; and we therefore have no reason for assigning to

» Phil. Mag. Feb. 1887. • PMl- Tram. 1886, Part I.

1888 . LL
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acetic acid on the score of its saturation vapour-densities at the higher

temperatures any essentially different molecular arrangement than we do
to alcohol and ether. Kow, for these latter bodies, the vapour-densities

at saturation are at low temperatures normal, t.e., normal under eondi-

tions of temperature more favourable to complex molecules : Seeing that

complex molecules of alcohol are not formed at low temperatures, a fortiori

they are not at the higher temperatures
;
there is no reason, seeing that

at the higher temperatures alcohol and acetic acid behave similarly, ibr

supposing that acetic acid has other than a normal molecular constitution

at higher temperatures : But there remains the peculiarity of acetic acid,

that its saturation vapour-density below 150° increases continually. The
pressure being relieved, we should expect, as in the case of alcohol, that

as the pressure diminishes with the temperature the vapour-density would
get smaller till it is normal. There must, therefore, for temperatures below
150°, be, in the case of acetic acid (also in that of nitric peroxide, which
is similar), some cause (different from the mere approximation of the

molecules by pressure, which at high temperatures accounts for the high
vapour.densities at saturation) operating to increase the density. This
can be no other than a chemical cause, and is probably due to the com-
bination of some of the molecules by pairs, or, perhaps, partly into more
complex molecules.

There are other arguments besides the one put forward here
;
and for

these, and for the light thrown by the analogy of the behaviour of the

dissociating compounds, the original paper must be seen. The general

result from all the considerations adduced is, that for stable substances
the difference between the liquid and the gaseous state is not one of kind
but of degree

;
that the phenomena accompanying the vaporisation of a

single stable body in the liquid state presents no evidence, from the study
of the vapour, in favour of the existence of complex molecules in the
liquid

;
that, on the other hand, in the cases of acetic acid and nitric

peroxide, there is evidence of the formation of complex molecules in the
vaporous and in the liquid forms of these bodies

;
the complex molecules

corresponding in some respects to molecules of an unstable, dissociable

body.
The difference between the gaseous and the liquid condition of a stable

body is thus referred to the greater approximation to each other of the
gaseous molecules, and to the consequent increase in their attraction for

one another, which is known as cohesion.

There is no doubt of the wonderful accuracy with which the equation
jp=5T—

a

expresses the results of experiment for four of the bodies
examined, viz., ether, methyl- and ethyl- alcohols, and COj ;

and of the
considerable deviation of the results of experiments from the predictions

of this formula in the cases of nitric peroxide and acetic acid, and prob-
ably for formic acid and other bodies. The explanation given above of
the differences between these two sets of cases involves the separation

of bodies into two classes, to one of which the aquation applies accurately,

and to the other not at all.

Perhaps it will be found that even here it is a question of degree and
not of kind ;

that bodies differ from one another in reference to the
degree to which they conform to the rule expressed by the above equa-
tion in the gas-liquid state

;
that there is, in fact, a perfect gas-liquid

state, as there is a perfectly gaseous state ; and that many bodies can be
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found which conform almost perfectly to the gas-liqnid condition, others

less perfectly, while others again deviate from it in a very marked manner.

Molecular Weight of Nitric Peroxide by BaouWa Method—Ramsay,

Baonlt has of late yeai^,* by a long series of investigations, succeeded

in perfecting a method by which the molecular weights may, in a large

number of cases, be determined by observations of the degree of tempera-
ture by which the freezing-point, either of water or of some other sub-

stance, is lowered by the solution of a given quantity of the solvent.

In the case of acetic acid as the solvent, the freezing-point of this,

when perfectly anhydrous and pure, is 16*66°
;
dissolve in a given weight

of acetic acid a known small quantity of the substance whose molecular
weight is required

;
observe the melting-point of the acetic acid with the

addition of this substance
;

it will be found lower than 16*68°
; note the

difference
;
and assuming, as we may* that the lowering is proportional to

the small quantity of the substance dissolved, calculate the lowering of

the freezing-point for the solution in acetic acid of 1 part in 100 parts of

the acid
;
this amount multiplied by the molecular weight in almost all

cases in which the molecular weight is known is 39. This is called by
Raoult the molecular depression for acetic acid ; assuming now, in any
case, the molecular depression to be 39, it is seen that by noting the
depression produced by a given small weight of a substance in acetic acid

the molecular weight of the substance can be determined.
Ramsay has applied this method * to find the molecular weight of

nitric peroxide at about 16°, by dissolving small weighed quantities ofthe
liquid ill acetic acid, and finds in a series of experiments that the mole-
cular weight of the peroxide is always near 92 ; and that the relative

number of molecules of the peroxide in a given volume of acetic acid may
be decreased from 8*97 to. 0*92 without materially altering the molecular
weight

;
no dissociation therefore of 1^2O4 takes place on dilution.

Experiments giving Points on the James Thomson Sinuous Curve.

Experiments have been repeatedly made in reference to the anomalous
condition of a liquid when in certain circumstances it can be raised in

temperature above, and often considerably above, its boiling-point

without entering into ebullition. This state of a liquid has been the
subject of special examination by Donny,® by Dufour,^ and by Gernez.*'^

In the case of some experiments of this kind there is not only the liquid

but the vapour above the liquid at a temperature above the boiling-point

of the liquid, while the pressure of this vapour hardly exceeds the
atmospheric pressure, and no liq^uid distils. These are cases where for

the temperature (above- the boiling-point) the pressure of the vapour is

less than the vapour-pressure normally belonging to that temperature.
We have here, therefore, points on that part of the sinuous curve which
is convex to the axis of volumes. Such a point, as Ramsay and Toung

* Ann, Chim, Ph, [6], 20,1880; 28, 1883; and [6], 2, 1884 ; 4, 1886; 8, 1886,
The Agenda du ChimUte for 1888 contains a summary of the principles and practice

of M. RaouU’s method by himself^ p. 476.
^ a a, J. June, 1888, p. 621.
» Ann. Chim, Ph, [3], 16, 1846, p. 167.
^ Ibid, [3], 68, 1863, p. 370 ; [4], 6, 1866, p. 104'; and 16, 1869, p. 470.
* IHd. [6], 4, 1876, p, 336 ;

and 7, 1876, p. 113.

X I. 2
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have shown, can be obtained at constant temperature by diminishin^f

pressure, a case of which is a point on the isothermal, for 181*4®, of

alcohol.* Other examples are methyl alcohol, liquid SO 2, liquid NH3,
heated with their vapour to temperatures considerably above the

temperature at which the vapour-pressure is, in the static method, in

equilibrium with the atmospheric pressure ® (this Report, 1886, p. 18).

Points on the upper part of the sinuous curve—concave to the axis, of

volumes—are points at which the pressure is in excess of the vapour-

pressure for a given temperature ; these points are reached in cases where a
space is supersaturated with vapour. In ‘Nature,’ March 1, 1880, Mr. John
Aitken gives an abstract of a paper read by him at the Royal Society of

Edinburgh on February 6 the same year. In this remarkable paper, ‘ On
the Number of Dust Particles in the Atmosphere,’ he shows that when an
expansion by a stroke of the piston of an air-pump is made in the air

saturated with moisture in the receiver, a fog is formed by the dust
particles acting as nuclei to small droplets of the water precipitated on
them through slight loss of heat and lowering of temperature consequent
on expansion against pressure

;
but that if the air be by filtration

through cotton-wool freed from the greater part of the dust particles,

after allowing the fog produced by the stroke of the piston to subside,

subsequent fogs so produced will at length become slighter, until a small

stroke (and then a larger stroke as the operation is repeated) ceases to

produce a fog or any deposition of water in the liquid state
;
the air is

thus to a greater or less extent supersaturated with aqueous vapour. If
all the air-dust has settled, some points on the upper part of an
isothermal curve of water are thus obtained, at which the pressure is

greater than the vapour-pressure of water at that temperature.
All points on this sinuous curve represent unstable states of

equilibrium, so that if the stroke of the piston is made with a jerk a
copious shower is produced in the dust-free air.

Properties of Bodiesfor which —a.

Professor G. F. Fitzgerald ® discusses the ‘ thermodynamic properties
of substances whose intrinsic equation is a linear function of the pressure
and temperature.’ The intrinsic equation is the equation ps=6T—a, in
which a and h are functions of the volume only

;
and the conclusions he

draws are the following :
—

(1) The specific heat of the substance at constant volume is inde-
pendent of the pressure.

(2) The internal energy of the substance is the sum of two terms, of
which one is independent of the pressure, and the other independent of
the temperature.

(3) The entropy of the substance is the sum of two terms, of which
one is independent of the pressure, and the other independent of tho
temperature.

Isopyhnics.

The above name is given by Wroblewski * for lines representing tho
relation between pressure and temperature when the density is kept

* Phil. Trans. 1886, Part I. plate 8. * Peg. Mein, t. xxvi. p. 646.
> Proc. iiftfy. 42, 1887, p. 60.

< Wiener MonaUheftf. Chemie^ 1886, p. 383 ; and Wxed. Ann, 29, 1886, p. 428.
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constant. These lines are obviously the same as Ramsay and Young have
investigated ;

for if the density of a given mass is constant, its volume is

constant. Isopyknio lines are therefore isochorio lines, and Wroblewski
is attacking precisely the same problem as Ramsay and Young have
apparently brought to a successful conclusion for several widely dififbrent

substances by nieans of their own laborious and skilful experiments.

Wroblewski calculates their data by means of SarrAu’s equation, which,
however well it may apply to portions of the data for CO2 , is not to be
taken as a rigorously proved theorem which can enable one to dispense

with direct experiment. A criticism of Wroblev^ski’s method and con-

clusion is given by Ramsay and Young in ‘ Philosophical Magazine,’ 23,

1887, p. 547.

Compressibility of Liquids,

Amagat, in the course of his examination of the effect of pressure on
gases, found * for the gases he examined, including CO2 for low tempera-
tures as for high, when the pressure is very great, the following relation

p (v—a) = constant
;

this relation holds good very approximately at

ordinary temperatures, whether at these temperatures the compression
condenses the gas to a liquid or not—whether or not the temperature is

above or below the critical point. The higher the temperature the

higher the pressure required beyond which the above relation holds; but
at ordinary temperatures the pressure need not exceed from 400 to

500 atmos.
;
the constant a for all pressures above a certain number

of atmos. and for the volumes corresponding varies with the gas or liquid

and with the temperature.

Amagat’s results, however, were obtained for gases mostly, and for

CO2 at temperatures not very much below their critical points. The
problem is not the same when we take the case of water, mercury, or

other liquids, the compressibility of which is slight, and for which the

compression is usually measured by a special instrument, a piezometer.

In a previous paper * Amagat made a special investigation into the

effect of variation of temperature on the compression of a variety of

liquids, among them ethyl—chloride, bromide, oxide
;
methyl—and ethyl-

acetates, methyl alcohol, ethyl alcohol, amyl alcohol, some paraffins

;

benzene, chloroform, carbon bisulphide, and acetone
;
the pressures not

being greater than 37 atmos., the minimum temperature for each body
being about 11®-13®, and the maximum about 100°.

Again, Amagat has made recently ^ a special investigation into the

compressibility of water, and in particular into the effect of compression

on the point of maximum density. In some respects water behaves quite

differently from all other liquids. Thus, as the pressure increases the co-

efficient of expansion increases^ more and more slowly at higher pressures,

but, at pressures up to and beyond 200 atmos., ratherrapidly
;
at about 3,000

atmos. the coefficient of expansion ceases to increase, and, probably, at

higher pressures, it diminishes, as is the case with other liquids. Between
two given pressures the compressibility diminishes as the temperature

rises, contrary to the behaviour of other liquids.

.. Meanwhile, as pressure is continuously increased, the point of maxi*

mum density is lowered till at 200 atmos. it is nearly 0°
;
at 700 atmos. it

%

* Ann, Chim, Ph, 22, 1881, pp. 319-397. * Ibid. 6, 11, 1877, p. 620.

» a R. 104, 1887, p. 1169 ; 106, 1887, p. 1120; and a 8. J. Ahs. 1887, p. 696, and
1888, p. 216.
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is below 0°. No liquid besides water stowed in Amagat’s experiments

any sign of a point ofmaximum density ; the peculiarities associated with

this point in the case of water seem to cease at pressures above 3,000

atmos., and water at higher pressures behaves like other liquids
;

the

liquids examined were ether ; methyl, ethyl, propyl, and allyl alcohols,

ethyl chloride, bromide, and iodide, carbon bisulphide, and phosphorous

chloride.

Solidification of Liquids hy Pressure,

Of the many liquid! subjected to great pressure, Amagat ' had not
succeeded in solidifying one

;
at last the compound C 2CI 4 was found to

solidify at a great pressure, the temperature of solidification rising with
increase of pressure ; the temperature of solidification is the freezing-

point of the liquid and the melting-point of the solid
;
in the exceptional

case of water, which expands on freezing, the melting-point of ice was
expected by theory and found by experiment to be lowered by pressure

;

in the case C2OI4 ,
the temperature of solidification, which at atmospheric

pressure is much below 0°, rises with increased pressure as Amagat
found, the solid having a very distinct crystalline structure. The fol-

lowing are among Amagat’s results for pressures and freezing-points of

this body :

—

Pressure in atmos. , . 210; 620; 900; 1,160
temperature . . . — 19°*5; 0°; 10°; 19° 5

Benzene solidified at 22° under about 700 atmos. Amagat considers it

not improbable that every liquid has a ‘ critical
* temperature of solidifica-

tion

—

i.e.f one above which no pressure, however great, will convert the
liquid into a solid.

Compressibility of Solids and Liquids.

The general discussion of this problem up to his time, and experiments

by himself on the compressibility of water, mercury, and of glass, brass,

and copper, are given by Regnault.^ In Tait’s * Properties of Matter *

(1885) there is an historical account, including and supplemetiting that

by Regnault, a critical discussion of theory and experiment on the
subject, and of advances in it made since Reguault^s time.

The reader interested in this part of the subject cannot do better than
consult this excellent summary by Professor Tait.

References are here given to papers by Oei'sted, Perkins, Colladon,

and Sturm, Poisson, Aime, before Regnault’s researches ; also to Wertheim,
Grassi ; to a paper by Cailletet, and one by Pagliani and Vicentini.

To these must be added papers by Voigt, Rontgen and Schneider,

Braun, and Tait.®

* C. R. 106, 1887, p. 165; Phil. Mag. 24, 1887, p. 446; C. 8. J. Ahs. 1887,
p. 1013.

* M6m. de VAoad. 21, p. 429.

.
* Oersted, Ann. Chim. 2, 21, 1822, p. 99 ; 22, 1823, p. 192 ; 28, 1828, p. 326 ; Mem.

Roy. Soo, Copenhagen. Perkins, Phil. Trans. 1820; Ann. Chim. 2, 16,1821, p. 321;
23, 1823, p. 410. Colladon and Sturm, Ann. Chim.. 2, 36, 1827, pp. 113, 226; Mim.
des Grangers, 1, 6. Aini4, Ann. Chim, 3, 8, 1843, p. 267. Wertheim, Ann. Chim.
3, 23, 1848, p. 62. Gr^i, Ann. Chim. 3, 31, 1861, p.437. Cailletet, C. R. 76, 1872.
p. 77. Faglimii and Vicentini, SuUa CompressiHlith dei Ligvidit Tozini, 1884. Voigt
Wied. Ann. JErghd. 7, p. 214. Bontgen and Schneider, Wied, Ann. 1886-1888, 29,
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In a paper by Taifc, of Deo. 1887, the ultimate loss of volume of water
under infinite pressure is estimated at about 25 p.c. ;

in a paper of
March 5, 1888, the same author finds the compressibility of leaa-glass

per atmosphere as *0527 ;
and the increase of compressibility per degree

Centigrade as ’O72 .

Melting-Points—Oarnelley and Garleton- Williams, .

In the application of heat to solid bodies which are not decomposed
by heat at the temperatures employed, the effect after reaching a certain

,
temperature is that the body will change its state, either by liquefying or
volatilising

;
or both effects may take place together, especially in a case

such as that of iodine, where there is not a great interval between the
point of liquefaction, or melting-point, and the boiling-point.

Both of these points, however, are dependent on external pressure

;

the effect of pressure on the boiling-point is very considerable compared
with the effect on the melting-point, which is in general hardly
appreciably altered by a great alteration of pressure. But whether a
substance shall volatilise without melting depends on the external

pressure.

The experiments of Oarnelley are concerned with the melting-points

of bodies which melt at atmospheric pressure
;
a multitude of cases of

inorganic bodies, chiefly compounds, have been determined with great
care and accuracy, and the experiments and results published in a
number of papers in the ‘ Trans, of the Chem. Soc.’ ^ and in papers con-

tributed to the ‘ Phil. Mag.’ and the ‘ Proc. Roy. Soc.’

In many cases a knowledge of Carnelley’s melting-points makes it

possible to determine within moderate limits the boiling-point of a body
when this is high, without recourse to an air-thermometer ;

this is done
by finding two bodies, near to one another in their melting-points, one of

which is and the other is not fused in the vapour of the boiling substance.

This is, in fact, the method which was used by Oarnelley and Carleton-

Williams ^ for the approximate determination of the boiling-points of some
salts and other bodies. By establishing relations Connecting the melting-

points with the atomic weights in the case of elements ® and of compounds,
Oarnelley .has predicted melting-points of bodies which had not been
determined, and found a very fair agreement between the calculated and
ihie afterwards-observed temperatures.

A noteworthy example of this is in the cases of beryllium chloride and
bromide, the melting-temperatures of which they observed and found

to agree * well enough with what they should be if calculated for the

formulas BeOlj, BeBr2 ,
but to be enormously too high for the formulas

BeOls, BeBra, or for these formulas doubled. It is evident from this

example that Carnelley’s method is an additional and valuable aid towards

deciding between proposed formulas of metallic chlorides and bromides,

^d so between two proposed numbers for the atomic weight of an
element and the molecular weight of a compound.

p. 166 ; 31, p. 1000 j 33, p. 644. Braun, Wied. Ann. 30, p. 260 ; 32, p. 604 ; 33, p. 239

;

0, S. J., 1887, Abs. p. 436. Tait, Proo. Roy. Soc. 1883, Dec. 1887 and Mardi 1888

;

RdturOf Jan. and March 1888.
> O.S.J. 1876, p. 489 ; 1878, p. 273; 1879, p. 663 ; 1880, p. 126 ; 1884, p. 409.

* Ibid. 1878, p. 281 ;
and 1879, p. 663.

* Proc. Roy. Soc. No. 197, 1879, p. 190.
* Phil. Mag. Nov. 1879, p. 371 ; Proc. Roy, Soc. 1879, vol. xxix. 190.
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Effects of Pressure—Solids.

The effects of great pressure on solid bodies in the state 'of powder
have been examined by Spring in a series of investigations extending

over several years, accounts of which have been published from time to

time.^

The bodies being taken in the state of powder, and the apparatus used
being capable of exerting a pressure of about 10,000 atmos., experiments

were made on various bodies, elementary and compound. The effects

may be classed under two heads, inecbanical and chemical.

•

As to the mechanical effects, the following metals

—

lead^ bismuth^ tirif

zlnCf aluminium, copper, anti/niony—taken in the form of powder or filings,

when subjected to pressures up to 6,000 atmos., were completely welded
into a homogeneous mass of the specific gravity of the metals in block,

sometimes with crystalline fracture, but with no trace of powder or filings

visible; spongy platinum gave a block with shining metallic surface

exhibiting a dull fracture, and perfect union was not obtained at any
pressure ;

similarly with amorphous carbon
;
while graphite powder was

welded at 5,500 atmos. into a compact mass of solid graphite. Similar

results in general were obtained with metallic oxides, sulphides, salts, e.g.,

chlorides, bromides, iodides, sulphates, nitrates, carbonates, thios-ulphates,

phosphates, and on other bodies
;
with most of these, though not with all,

the welding process took place, although in not a few cases the welding
was incomplete. It was found in subsequent experiments that welding
requires time, and that the completion of a welding process was favoured

by several conditions, such as amount of pressure, the time during which
pressure was applied, and temperature, a rise of temperature favouring

the process. A substance difidcnlt to weld was found, on breaking it up,

to be most imperfectly coherent in the interior; and on* powdering it

again and renewing the pressure again and again the welding can be
made complete, ueoerally, the harder the substance the more difficult it

is to weld it ;
if a body exist in allotropic modifications—as, e.y., sulphur

—

the effect of pressure is to produce a coherent mass having specific gravity
equal to that of the densest variety. The welding of a powdef is in some
Respects analogous to the liquefaction of a gas by pressure ;

the particles

of the powder are brought into closer contact and within each other’s

sphere of cohesion, and then unite like drops of water. Although the
temperature is hardly raised in the experiments, some metals at very high
pressures flow and ooze out of the joints of the apparatus. It will some-
times happen that no welding takes place at a very high pressure, but on
still further increasing the pressure the process is effected.

As to the formation of alloys by pressure, it was found that Woods*
metal was formed by submitting to a pressure of 7,600 atmos. a mixturp
of filings of bismuth, cadmium, and tin in the required proportions.

llose*s alloy of lead, bismuth, and tin was obtained in a similar manner.

* W%ed. Ann. [6], 22, 170 ; Bull. Acad. Belg, 1880 [2], 49, 323 ; Ahs. Jahr. f. iffin.

1882, 1, .B. 42 ; Ber. 1882, pp. 16, 696, Ber. 1883, pp. 16, 324, 999, 2723 ;
Bsr. 1884,

17, pp. 1216, 1218 ; Bull. ^c. Chim.. 44, p. 166 ; 46, p. 299 ;
Ber. 1886, 18, B,. 697

;

B^. 1886, R. 728 ; Ber. 1887, 20, R. 368 ; Zeitsohr. f. phys. Chem. 1, 231. And
abstracts in 0. 8. J. 1881, p. 498 ; 1882, pp. 273, 921 ; 1883, pp. 660, 904 ; 1884, pp. 266,
949, 969; 1887, p. 332.
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Ordinary brass was got with difficulty by repeatedly submitting a
mixture of zinc and copper filings to great pressure.

Spring lays down the rule that * matter assumes that condition which
corresponds to the volume it is made to occupy.* Thus when two bodies

can by their union or interaction produce one of less volume or greater

density, this will be produced by great pressure
;
and he explains by this

the readiness with which Woods’ and Rose’s alloys are formed as contrasted

with the formation of brass by great pressure. At 6,500 atmos. arsenides

of lead, copper, and silver are formed from the elements in the same way

;

and the following sulphides, viz., of Mg, Zn, Fe", Cd, Bi, Pb, Ag, Cu,
Sn, and Sb, by repeated compressions. Spring found that the extent to

,

which the formation of sulphide is carried in this process depends on
time as one condition

;
by the lapse of time alone more of the sulphur and

metal c6mbining to form more of the sulphide.

Chemical Actions hy intense Pressure,—Solids,

A dry intimate mixture of sodium carbonate and barium sulphate

being submitted to intense pressure, double decomposition occurs to a

considerable extent. A double decomposition also occurs under similar

circumstances with a mixture of dry powdered sodium sulphate and
barium carbonate

;
and when the resulting compressed cylinder was

again powdered and submitted to intense pressure, and the process

repeated several times, the substance being maintained for some time

under pressure, the formation of barium sulphate increased to about 80*5

per cent., which seemed to be the limit.

The Transition-point,

J. H. Van ’t Hoff calls by the name ‘ transition-point ’ that constant

temperature at which a chemical change can begin and continue, and
compares it to the melting-point of a solid in its theoretical relations.

Thus, if there is a transition-point in a chemical action, this point must
be dependent on the pressure in such a manner that if the change is

accompanied by decrease of volume, as in the melting of ice, the transition-

temperature should be lowered by increased pressure. As an example,

Van ’t Hoff and Spring take the case of a double acetate of calcium and
copper.^ At ordinary pressures the double-salt, which is blue, is

decomposed into its component salts at 75°, and this change is accom-
panied by diminution of volume, as in the melting of ice. Therefore

increase of pressure should lower the transition-point, and therefore

promote the formation at a lower temperature than 75° of the separate

salts from the double salt. Now the cupric acetate by itself is green, and
the transition can therefore be observed by the change of colour. At
6,000 atmos., and temp. 16°, the finely powdered double acetate became a
marble-like crystalline mass, but show^ed no sign of decomposition ;

at

40° a quantity of the mass liquefied
; on relieving the pressure it became

all solid, the dark blue had changed for the most part to green, and there

was found a coating of copper round the sides of the containing vessel.

At 50° the action was more rapid. It was found also that the decompo-

?
* BuU, Aoo. Belg. 49, 344 ; Zdtsohr,f, phys, Chem, 1, 227; C, S.J, Abs, 1888, p. 341;

Bee. trav. ohim. 6, 91 ; Ber. 1887, B. 276, 311,
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sition could take place at ordinary temperatures by the a|)plication of

sufficient pressure during a sufficiently long time.

In a further communication, Van 't Hoff^ mentions that at his

suggestion Spring had subjected the double acetate to high pressures at

var^g temperatures, and adds that by prolonging at 16° the pressure

of 6,000 atmos. evidence of decomposition is readily recognisable. Van ^t

Hoff points out that determinations of the minimum pressure required

to produce reactions of this kind, together with measurements of the

resulting changes of volume, will make it possible to express in

kilogram-metres the absorption of energy involved in the reaction, and
conversely the liberation of energy resulting frona the reverse change.

Report of the Committee^ consisting of Sir F. J. Bramwell, Mr.
E. A. CowPER, Mr. G-. J. Symons, Professors Gr. H. Darwin and
Ewing, Mr. Isaac Roberts, Mr. Thomas Gtray, Dr. John Evans,
Professors Lebour, Prestwick, Hull, Meldola, and Judd, and
Mr. J. Gtlaisher, appointed for the purpose of considering the

advisability and possibility of establishing in other parts of
the country observations upon the prevalence of Earth Tremors
similar to those now being made in Durham,

During the past year a good deal has been done in the way of devising,

constructing, and testing new forms or modifications of old forms of
earth-tremor-registering instruments. Professor Milne in Japan and
Dr. Holden, of the Lick Observatory in California, have instituted sys-

tems of earthquake observations, the former employing instruments of
various kinds, chiefly of his own invention, and the latter using Professor
Ewing’s duplex seismograph. Professor Ewing has, however, recently

been engaged in materially improving this instrument and also in per-
fecting a cheaper time-recording apparatus with a special view to nume-
rous observers stationed in many parts of the country. He has also quite
recently brought out a new sensitive electric seismoscope. Mr. E. A.
Cowper has described at the present meeting of the Association yet
another seismoscope, of entirely new construction, specially adapted for

recording vertical motion. The North of England Institute of Mining
and Mechanical Engineers have continued the series of observations on
the coast of Durham at Marsden, and have now three instruments at
work there, including a form of cheap recorder constructed from the
designs of Mr. M. Walton Brown. That institute has issued an elaborate
preliminary report on these instruments (1888).

An important observing station, with adequate funds, promises to be
instituted by Mr. C. Davison and Professor Poynting at Birmingham.

Considering that so much is being done with the object of securing
suitable forms of instruments, and that these^ investigations are jstill in-

complete in many ways, the Committee feel that it would be premature
for them to select and recommend any special recorder at present. Ther
wish, however, to emphasise the view that, whilst carefully finishea,

highly sensitive, and necessarily expensive seismoscopes made to record

* Ber. 20, R. 311, 1888 ; Rec. trav, ehim. 6, p. 137 ; C, S: J, Aht. 1888, p. 404,
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witli as much accuracy as possible the time, form, aud intensity of each
set of tremors are very desirable, and indeed indispensable, yet only a
comparatively small number of such instruments would be required in a
general scheme of seismographical observatories. Such instruments,
moreover, could only be used with effect in carefully selected situations,

and otherwise under very special conditions. On the other hand, com-
paratively rough, cheap, and easily used instruments, which could do
little more than afford fairly acfcurate time-records, would be required in

large numbers, and must form a most important portion of such a
scheme.

Under these circumstances the Committee are glad to hear that the
observations and trials of instruments above referred to are being con-

tinued in the north of England and elsewhere. They trust that special

attention; will be paid to the question of suitability in selecting the locali-

ties and, generally speaking, in considering all the local conditions of
the observing stations.

Earth-tremors appear to be of ^frequent occurrence, and should be
recorded, but the Committee propose to take no immediate action. Next
year they hope to be in a position to present a report containing definite

recommendations. In asking to be reappointed they hope that Mr. M.
Walton Brown, who has conducted the observations in Durham, may be
added to the Committee.

The Relations between Sliding Scales and Economic Theory,

By L. L. Price, M.A,

[A communication ordered by the General Committee to be printed in extenso

among the Reports.]

The treatment which I have ventured to give in this paper to the subject I
have chosen—the Relations between Sliding Scales and Economic Theory
—-will, I am afraid, appear at the outset to be confined within very narrow
and definite limits. It will seem to involve nothing more than an inquiry

into the connection which exists, or may exist, between a practical ex-

pedient adopted with some success in some few industries for the regula-

tion of wages, and that limited—although contentious—part of theoretic

economics which is concerned with the determination of the rate of wages.
And, narrow and definite as these limits may appear, I propose to cir-

cumscribe the subject still further
;
for not only do I intend in the main

to limit my consideration of sliding scales to their employment in the

regulation of wages, but I purpose also to confine it for the most part to

the form in which they have, as a matter of actual fact, been employed.

By sliding scales, then, I mean in the main certain expedients which have
been adopted in the coal and iron industries as the result of an agreement
between two opposing combinations of masters on the one hand and of

men bn the other, in accordance with which fluctuations in wages have
followed, we may almost say automatically, on changes in the selling

prices of the coal and iron. And by economic theory I mean for the most
part that theory which is known by the name—partial and erroneous as

may be its application—of the abstract or deductive method. Within
these narrow and definite limits I propose to examine the nature of the

relations between sliding scales and economic theory.
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And yet), narroiwr and definite as are the limits I have prescribed, the
subject almost of necessity presents some points of wider interest and of
larger importance than might at first be supposed. It necessarily involves

the examination from an economic standpoint of the nature and conse-

quences of those combinations which seem to be occupying, and to be
destined to occupy, a more and more prominent position in the industrial

worfd as time mores on. For the adoption and the continued observ-

ance of a sliding scale appear to presuppose some sort of organised repre-

sentation on either side
;

and organised representation is but another
name for combination.

The subject, again, almost of necessity compels the consideration of
some of the chief changes wlych have taken place in the economic theoiy
of wages, as it appears to have been conceived by Ricardo, and as it is

now generally accepted. And, lastly, it has certainly some indirect bearing
on the relation between economic theory and practice.

If I may be permited to do so, I should like to preface my examina-
tion of the question by a brief account of the circumstances which origin-

ally induced me to attempt it. Some months ago there appeared in the
pages of a periodical—the name of which would, I imagine, be of little or
no interest to the members of the Section, and I therefore withhold—two
able and indulgent criticisms on certain views I had ventured to put for-

ward in a recent publication * on the subject of this paper. These criti-

cisms led me to reconsider the attitude I had adopted with some little

care, and it is the general results of that reconsideration which I venture
now to submit

;
and I have given this explanation in order to afford some

excuse at the outset for the egotistic form which the paper will take.

The first of these critics—who, I may remark in passing, was a
strenuous adherent of what I suppose wq must call the * historical

*

method—observed that the work he was criticising, which contained these

views, was the * outcome of common sense working upon historical and
statistical material unaided * by economic theory.’ The other critic,

who lent his support rather to the abstract or deductive method, rejoined
that the ‘ neglect ’ ^ of that theory was the * one grave defect ’ of the book.
Now, it appeared to me, perhaps not unnaturally, that both these criti-

cisms were wrong. It seemed to me that it was impossible to discuss

with adequate completeness the facts and the principles of sliding scales
‘ unaided ’ by economic theory ; and on the other hand I hoped that I
had not been guilty of the unpardonable sin, as it would seem to me, of
the * neglect * of that theory. I was firmly of opinion, in opposition to
my first critic, that such knowledge of theory as I might have possessed
had * appreciably helped ’ me in the discussion of sliding scales

; that,

it had ‘ supplied ’ me with ‘points of view;’ that it had given me
‘ guidance in the arrangement of material

;
’ and that the ‘ facts of real

life and the theories of economists ’ had not ‘ been kept, as it were, in

two separate compartments of’ my ‘ mind.’ And yet I could not agree
entirely with my other critic when he asserted that * Political Economy
does riupply the principle ’ on which an arbitrator should act, or a sliding

scale proceed
;
and that that principle was that he or it should endeavour

to award such wages as would be obtained if ‘ combination on either side

were absent.’ This criticism indeed appeared to me to be nearer the
truth, as I held it, than the other, but I did not think that it had entirely

* Jndnttrial Peace. * The italics are my own.
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succeeded in reaching it. And so I was led to reconsider the attitude I

had originally adopted.

And here 1 am afraid that I can only explain my meaning and define

my attitude by quoting the three passages in the book to which my critics

referred where the relation of economic theory to methods of industrial

conciliation is considered. Nor will these quotations be irrelevant to the

strict subject of this paper, the relation of that theory to sliding scales :

for, on the one hand, the starting-point of a scale must almost necessarily

be an agreement obtained by conciliatory methods—by conciliation that

is, or arbitration
;
and, on the other, the principle which has as a matter

of fact, I believe, been invariably taken as the basis of a scale in industrial

matters—the concurrent variation of wages and prices—is also the prin-

ciple to which recourse has generally been had at boards of conciliation or

courts of arbitration.

The first of these passages occurred at a place ^ where the nature of

what I had ventured to call ‘ irregular negotiations ’ between masters and
men in industrial disputes was examined. The passage ran in these terms :

‘ Nor, be it noticed, docs there seem to be any economic standard which
can be called into requisition in such disputes, for, as Professor Sidgwick
has pointed out, where two combinations meet one another, political

ecbnomy is perforce silenced.*

In the second and longest passage * it was argued that the ‘ principle
*

on which an arbitrator should act in adjusting industrial disputes ‘ could

hardly be supplied by Political Economy.* .... ‘ As Jevons has showm
in his ** Theory of Political Economy,** in all bargains about a single

indivisible object *—and I lay special stress, for reasons which will appear
later, upon the word indivisible— ‘ there may arise a “ deadlock ** because

neither party can read the mind of the other, and discern the exact length

to which it is prepared to go in pushing demands or accepting conces-

sions. Nor indeed, did they possess the gift of clairvoyance, would the

problem be necessarily solved. For even then there might be no definite

point fixed in the mind of either. After alluding to this passage in his
“ State in Relation to Labour,** he * (t.e., Jevons) ‘ proceeds to point out that

the existence of indivisible combinations in trade di.sputes *—and here

again I would emphasise the word indivisible— * usually reduces them to

a bargain of this “indeterminate** nature. To avoid a strike it may be
the interest of either party to relinquish, or at least to relax, its demands

;

but theoretic economics cannot resolve the problem. It is, in mathema-
tical phraseology, “ indeterminate.**

*

The third and last passage occurred ® where the introduction into a
sliding scale of such elements as the cost of materials and the state of the

labour market was under consideration. ‘ From an economic point of

view indeed,* it was argued, ‘ there is considerable reason for having
regard to them, but it is the traditions of the trade which are of the

l^eatest importance. For the existence of combinations on either side

banishes, as we have noticed, to a very great extent all economic consider-

ations, so far at least as the determination of the exact basis of the settle-

ment is concerned'* And then, later on in the same paragraph, it was
urged that * the negotiations into which ’ the two parties * enter can
hardly be reduced to a question of pure economics, nor is there any econo-

mic touchstone which can be brought into requisition to decide the

P.14. * P. 64. • P. 93.
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matter.* And tben the next paragraph began with these words :
—

* In a
certain sense, indeed, it may be said that the regulation of wages by
sellipg prices does rest upon an economic basis, however the particular

details of that basis may be an-anged.*
'

; then, are the three passages to which my critics seemed to

re^r ; and I should be inclined to summarise the argument to which they
were in^^ded to give expression in some such way as this. What I
maintained was that, while the general nature of the principle on which a
sliding scale may be based or an arbitrator proceed may, and indeed must,
possess an economic complexion, yet the particular application of that
principle—the special relation between wages and prices adopted as the
starting-point of a scale—is not strictly determinable by economic theory.

A treatise on sliding scales cannot then, it seems to me, be written * un-
aided,’ as one of my critics declares, by economic theory

;
and yet it is

none the less true to maintain—^in opposition to my other critic—that
‘ theoretic economics * cannot resolve the problem involved in the deter-
mination of the exact basis of a scale.

For what is the fundamental assumption of * theoretic economics * ?

The answer which would, I imagine, be at once returned to this question
would be, that the fundamental assumption of almost any scheme of theo-
retic economics is competition. That competition, indeed, may be
hindered in its action by qualifying circumstances—by the vis inertice of
custom or some other obstacle ; but we may nevertheless maintain that
the hypothesis which presents itself at the outset before these qualifying
circumstances are taken into consideration—the hypothesis which is

revealed in the last analysis when these circumstances have been suc-
cessively abstracted—is, undoubtedly, pure competition. The term
‘competition,* however, stands in need of fuller explanation; for, for

the purposes of ‘ theoretic economics,* it seems to me that the objects or
interests about which the competitive forces play must be, in theory at
least, susceptible of continuous subdivision. This is what I meant when
I followed Jevons in arguing that ‘ the existence of indivisible combinations
in trade disputes usually ‘ reduced * them to a bargain of ‘ an indeter-
minate nature.*

The proposition just laid down seemed to me to admit of more than
one easy and simple test. We might take, for instance, Jevons* own con-
ception of ‘ final utility.* Few economists, I imagine, would deny that
that conception is now an accepted part of economic theory, and that it

is one of the most fertile conceptions of rdodem economics. There are
signs of its extension—along with the increasing amalgamation of the
theory of exchange with that of distribution—from the theory of ex-
change of material commodities to that of exchange of services. It has
been applied to the determination of interest

; and it may, I suppose, be
said to be connected with the theory of rent. But it cannot, I imagine,
be accepted, save on the assumption enforced by Jevons himself,^ that
‘ more or less of a commodity ’ can ‘ be had down to infinitely small
quantities.*

Take once more the law of Diminishing Betum—^the overthrow of
which would, as Oaimes once pointed out,* involve the rewriting of the
greater part of economic theoiy—and what do you find ? Here again the

* Theory o*PolUioal Economy (2nd edition), p. 130.
> Logical Method (2nd edition), p. 36.
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assumption seems to me to be fundamental that * doses * of capital and
labour—to use the elder Mill’s suggestive expression-—can be applied to
the cultivation of land in infinitely small quantities, and that the returns
to those doses, when a certain point of cultivation has been reach^ in a
certain stage of civilisation, ^minish also coeieris parihvs by inti^tely
small degrees.

Or take again—though I do not lay much stress on this—-c^e variety

ofwhat I may perhaps call the application of the ‘graphic method to econo-
mics. It seems to me—^though I speak, I confess, with some hesitation—^to

be impossible to represent, as some economistf have done with conspicuous
success, economic theorems by geometrical curves unless we asstee the
possibility of division into infinitely small quantities.

This possibility, in fact, is the underlying basis of any theory of com-
petition, and in the final analysis of any such theory it cannot fail to

appear. The theory may indeed be only hypothetically true; although for

my part I must confess that I am inclined to believe that it is a more
accurate and serviceable representation of fact than is sometimes main-
tained. The conditions, again, of the hypothesis must always be remem-
bered

;
and it may be the case in some instances that the quantities into

which the commodity or service is capable of division may only be in-

finitely small in comparison with the great mass of the commodity or
service under qonsideration. But this possibility does not prevent the

theory from being hypothetically true ;
nor, on the other hand, does it

obviate its failure to apply in its entirety to cases where this capacity of
infinite divisibility is lacking.

.One of these cases occurs whenever a combination of sellers meet a
combination of buyers. The commodity or service offered by either

party in exchange for that supplied by the other is ex hypothesi whole and
indivisible. There may indeed possibly be—as we shall endeavour to

illustrate later—a maximum as well as a minimum limit beyond which it

may respectively be the interest of neither party to go. But no theory

of competitive economics—based as it is on the possibility of infinite sub-

division—will enable you to determine the precise point between these two
limits at which it is for the joint interest of the two parties to stop ;

for

the commodities or services they are exchanging are, by the very terms of

the existence of the combinations, incapable of that infinite subdivision.

On the one side you have, roughly speaking, in the case of a sliding

scale a combined mass of labour offered for sale
;
on the other, you have a

combined mass of remuneration, be it expressed in terms of nominal or

real wages or earnings—and by the very conditions of the combinations,

•neither of these two masses is capable of infinite divisibility. If a com-
bination of buyers alone, or a combination of sellers alone existed, this

capability might indeed be impaired, but it would not be paralysed. The
one commodity or service offered in exchange would retain it, and the

other would lose it. And hence it is, 1 suppose, that Professor Sidgwick

has discussed^ as a part of economic theory the action of monopoly or

combination. But the combination he considers is, as he himself ex-

presses it, only one-sided ;
and the combinations in connection with a

sliding scale, which we are now discussing, are found on both sides. And
yet the existence of these combinations seems, we must remember, to be

a necessary condition of successful conciliation, or arbitration, or sliding

* Principles of Political Econamyt Book II ch x.
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scales • for there must be organised representation on either side if there

is to bQ apy authoritative or binding agreement, and organised represen-

tation Ib out ari altemative expression for combination.
Nor does my critic seem to me to succeed in showing a way of escape

from this conclusion
;
and, if I might be allowed to put my own inter-

pretation upon his language, and to supply the missing parentheses, I
imagine that the difference between us might be reduced to the
narrowest limits, even if it did not disappear altogether. Let me quote
his wordst—‘As a matterof fact,* he argues, ‘political economy does supply
.the principle—which is, that the arbitrator should endeavour to award sucn
wages «is would be obtained if combination on either side were absent.

If he fixes them appreciably jibove or below this level, economic theory
.shows that his award will have very soon to be revised. So, too, economjjp
theory shows that if a sliding scale has the effect of making the wages
paid under it differ much from competitive wages it must break down.*

Now, looking at the matter for a moment from a practical stand-

point—although, indeed, I freely confess that for the immediate purposes
of this discussion this mode of regarding the question is chiefly important
for the side-light it may throw upon the theoretical aspect—but adopting
for the moment this practical standpoint, I am afraid that my critic*s

argument does not carry us very far. For where, let me ask, is the un-
happy arbitrator to discover this ideal standard ? If he Qonfines his con-
sideration within the limits of the two organisations which are represented
before him, he manifestlv can discover no such standard. He cannot
arrive at anything save a particular relation between wages and prices,

which is held by both parties to bo fair ; and the fact that they both con-
sist of combinations whose express purpose is to secure better terms than
could be obtained by individual competition, establishes a strong pre-

sumption against the belief that any standard could have become tradi-

tional which was determined merely by the influences affecting competi-
tive wages. Nor, for the very same reason—and of this point the history

of industrial conciliation supplies more than one striking and instructive

illustration—will they be inclined to accept an appeal to the standard of

wages prevailing outside the limits of their own, or at least of some, com-
bination

; for by doing this they would virtually nullify the raison d^^tre of
their own organisation.

Nor, indeed, is it possible for the arbitrator himself to penetrate, as
it were, beneath the stratum of combination and to reach that of pure
competition. Within the limits of the combinations before him he cannot
do this

;
for he cannot strip off so much and declare that what is left is

what would be the case ‘ if combination on either side were absent.* He
cannot, in fact, isolate the competitive wage from the action and inter-

action of the two combinations. The rate of wages is the result—to use
a metaphor with which students of logic are familiar—of chemical rather

than mechanical action, and the effects of the causes are intermixed.

Nor, again, can he succeed in this aim by having recourse to the

labour market outside these limits
;
for he cannot really pass beyond the

influence of the forces originating within them. The so-called competi-
tive market itself must be influenced by the action of the combinations.
If you have a strong buyer and a strong seller—and what are combinations
but strong buyers and sellers P—^at any particular time in a market, they
will, for good or for evil, affect the market price

;
and if the permanent

condition of affairs be that of a strong buyer confronting a strong seller,
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they will, for good or for evil, exercise a pern^anent ii)flaence on the market
price, however wide the area of the market be. And a ‘ market,’ in the

economic sense, we must remember, may cover a very large area.

This conclusion conducts naturally to the consideration of the question

from the point of view which is at present of the most immediate, impor-

tance to us—that of theoretic economics. And here I am prepared**—and
the previous course of the argument has, I think, tended to this result

—

to accept my critic’s opinion, subject to my own interpretation and com-
mentary. I readily allow that, if an arbitrator fixes wages at too great a
distance above or below a compefitive ‘ level.’ in time the action of what^

we may perhaps call external competition—modified, indeed, and retarded

by combination—will bring about a reversal of his decision. I do not see,

indeed, how he is.to ascertain this competitive ‘ level ’ save by examining
ifiito the past history or present condition of a market—be it within or be
it outside of the limits of the organisations represented before him—where
combinations have influenced wages. Nor do I think that it would be
easy to determine the exact distance which would be ‘appreciable’

enough to upset his award. But, subject to these reservations—the latter

of which is, I admit, more important from the practical than from the

theoretical point of view—I accept my critic’s conclusion. And in

the same way ic may be the case—and I for one would not question it

—

that ‘ if a sliding-scale has the effect of making the wages paid under it

differ much from competitive wages it must break down.’ But here again

it is true—froni the standpoint alike of theory and of practice—that these
‘ competitive wages ’ themselves will be influenced by the reflex action of

the two powerful combinations
;
and that the exact amount of difference

which, for the purposes we are now considering, ought to be characterised

as ‘ much ’ would be hard to determine.

The truth, as I conceive it, may beexpressed in some such way as this

:

combinations cannot entirely free themselves from competitive influences,

any more than competition can nullify the presence and action of com-
binations. Competition prescribes, as I think, at any particular time in

a market what I will follow Roscher in calling a maximum and a minimum
limit to wages; but ‘theoretic economics,’ based as they are on two-
sided, or at any rate on ‘ one-sided,’ competition, cannot determine the
^exact point between these two limits at which two combinations will, or
should, agree on a price. ‘ The existence,’ then, ‘ of combinations on
either side ’ does, as I have argued, ‘ banish '

^ to a very great extent ’—and
I must add myself, though my critic does not in his quotation from me,
this qualifying expression—it does banish ‘ to a very great extent all economic
considerations, so far at least ’—and here, again, I would emphasise the
addition of this qualifying clause— ‘ so far at least as the exact basis of a
settlement is concerned.’

1 do not intend to maintain, as my critic seems to imagine that I do,

that ‘ by means of arbitration and conciliation and sliding scales the
wages paid in a trade can be somehow or other removed from the arena
of competition ;

’ but I do maintain that it is impossible to determine by
any theory, based, and based essentially, on the unrestrained freedom of

any fresh combatant to enter the lists or of anyone already within the
arena to withdraw—it is impossible to determine by an^ such theory the
exact issue of the contest when, in place of this unrestricted freedom, you
have the comparatively rigid and unvarying forces of two rival com-
binations.

1888. M M
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Metaphors, however, are proverbially liable to break down at some
important point ;

and therefore I will, at the risk of trespassing upon the

patience of the Section, endeavour to make my meaning plain by an
examination of the general nature of the change which has, I think, passed

over the theory of wages in modem economics. The old theory of

Biicardo —^so much maligned and so often misunderstood—was, I

imagine, eo far true that, looking at the matter chiefly firom what I may
call a statical point of view, and remembering that Ricardo used the

term * profits ’ in what would now be regarded as a loose and inexact

. sense—making allowance for this, and looking at the matter chiefly from
the statical standpoint—if you had a definite total amount of wealth pro-

duced, and a definite share o,f that total were taken for the landlords in

rent, the remainder would be all that could be divided between the
capitalists and the labourers, and if wages gained profits must lose. Look-
ing at the matter, then, in this way, it would not be difficult to obtain

from Ricardo an idea of what I will call the ‘ competitive * maximum
limit of wages. That limit would consist in the amount of wealth left

when the capitalists had secured the rate of profits prevailing in the

country—the rate that is prescribed by the return yielded by the land on
the margin of cultivation to the capital and labour applied to it.^ Nor,
again, would it be easy even now to discover any other ‘ competitive ’

minimum limit, as I will call it, than that presented in Ricardo’s idea of

the cost of production of labour.

Wherein, then, we may ask, did he fail ? He failed in neglecting to

lay stress on the causes which might extend the maximum limit. Nay,
he rather looked forward—and we cannot in fairness say that this pes-

simistic forecast was unwarranted by the circumstances of the times when
the law of Diminishing Return seemed to be applying to Hngland with
terrible reality—he rather looked forward to a contraction than to an
extension of the maximum limit. Neither he nor Malthus—as M. Leroy-
Beaulieu has insisted with characteristically French epigrammatic force ®

—

were ‘ geographers.’ Their horizon—so far at least as the future was
concerned—was to a great extent bounded by the circumstances of their

own country, and it was in a large degree on those circumstances that

they founded their generalisations of the future.

In the second place, Ricardo may be said, on the whole, to have failed

by neglecting to give sufiScient emphasis—and to repeat the emphasis
from time to time at each successive stage in the argument—to the
elasticity of the expressions, ‘ the cost of production of labour ’ and
‘ the average rate of profits.’ It was, I suppote, to a large extent in
consequence of this that he failed to examine the distance by which, at

any particular time and in any particular condition of the labour market,

* So far, indeed, as Bicardo can strictly be said to have formulat«d any definite

and complete theory of wages.
* And so Ricardo may really be said to agree with later writers in finding the

maximum limit to wages in the productivity of industry, however much he may differ

from them in the narrowness and rigidity with which he may have conceived that
limit. It must, of course, be admitted that it would perhaps be more accurate to
represent him as limiting profits by wages rath^ than wages by profits ; but the
statement in the text may nevertheless be regarded as consistent with the broad
outlines of his reasoning.

I am not sure that we^ ought not to add * with characteristically French exagge-
ration,’ for M. Leroy-Beaulieu appears in some passages to betray a slight tendency
to exaggerate the deficiencies of the older economists.
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the extreme point of the maximum limit might be parted, as Boscher
has shown, from the extreme point of the minimum, and the causes which
might contribute to bring wages further away from the one extreme and
nearer the other. He identified, in short, the maximum and the inini-

mum
;
and this is not misleading when we consider only the question of

‘natural,* or, as we should now call them, ‘normal* wages. But it is

misleading to give so rigid a character as a rapid perusal of ' Bi^
might easily suggest to this identified maximum and minimum

; and,

with the exception of some brief passages, he did not examine at all into

the causes affecting what we may term ‘ market wages.*
A later and more comprehensive analysis—assisted in its turn by the

altered and altering circumstances of the times—has endeavoured to

supply these deficiencies. It has shown how the maximum may be ex.

tended as civilisation advances, as invention and knowledge progress, as

distribution itself reacts on production by increasing the efficiency of

labour, and generally aiding in the augmentation of wealth. It has
replaced the suggested rigidity of the Ricardian conceptions by elasticity

;

and it has also investigated the causes of market wages as distinct from,
and yet connected with, normal or natural wages. It has shown how the

strength the workmen have gained by the aid of public sympathy and of

legal enactment has affected both the market and the normal wages, and
has elevated alike what we have called the competitive minimum and the
competitive maximum limit. And it has also shown—and this is, per-

haps, the most important point for us—how the power of combination
has enabled them to raise wages in the market at any particular time
from the extreme of the minimum towards the extreme of the maximum.
They have become strong sellers, and they hav*e secured the advantage
which will always accrue to strong sellers in a market. They have not
emancipated themselves from the influence of competition ;

but they have
retarded and modified its action.

In time, no doubt, the influence of competition would effect—as

Ricardo, confining his examination almost exclusively to normal wages,
held that it did—an identification between the competitive maximum and
the competitive minimum limit. But the reflex action of the market
wages might cause this identification to be made at a higher or a lower
point in the area covered by these two elastic expressions. It might
raise the old minimum nearer to a new maximum

;
it might depress the

old maximum nearer to a new minimum. And—as Marx in his discus-

sion of the iron law of wages has shown, although strangely enough
he has neglected to draw the natural inference from his argument—^it

would take time to do this
;
and during the interval the market influences

would bring about many fluctuations in market wages, while the moment
the identification had t^en place—nay, even while it was going on—^new

market influences would be at work producing new fluctuations. The
identification, then, is theoretical, and refers to normal wages ;

and the

theory of market wages allows us to suppose at. any particular time in

any particular iparket an interval between the lowest possible point of

the competitive minimum and the highest possible point of the competi*
tive maximum. The minimum, in short, which is to be found, as it was
in Ricardo*s time, in the cost of production of labour, is an elastic idea, >

and may cover a wide area ; and the maximum, which is also to be found,

as it was in .Ricardo*s time, in the average rate of profits, is also an elastic

idea, and may also caver a wide area. There is nothing, then, to prevent
mm2



532 REPORT

—

1888.

ns from supposing that in the labour market at any particular time—and
still more so in any particular trade—there may be what we may call a
competitive maximum and a competitive minimum limit of wages—the

former lying at the point where more wages would mean such a Jow rate

of profit that there would be a pressing danger that the requisite busi-

ne^ management and enterprise would fail to appear and the requisite

capital cease to be forthcoming, and the latter being found in a similar

way at the point where more profits would mean such a low rate of wages
that there would be an imminent prospect that labour of the requisite

efficiency would not be available. Nor are we debarred from examining
the causes which may influence the fluctuation of market wages between
these two points, and the market wages, we must remember, will in their

turn exercise a reflex influencfe on normal wages.
Our combination of workmen, then, enjoys the advantages of a strong

seller in the market, and within the competitive minimum they may be
conceived to have set up, as it Were, a minimum limit of their own.'

Were they not confronted by a rival combination of masters they might
conceivably have made this minimum coincide with the competitive maxi-
mum. But they are confronted by this combination, which in its turn
endeavours to set up, as it were, a maximum limit of its own within the
competitive maximum. Were it unopposed it might, in the same way as

the combination of the men, eSect a coincidence between this maximtim
and the competitive minimum. But as the case stands neither of the two
combinations is unopposed. Neither of the two can secure the terms
which it might otherwise have obtained. A compromise is inevitable,

and on the one side or the other a greater or less concession must be
made. The point at wlych the agreement is efiected will lie between
what we have called the competitive minimum and the competitive maxi-
mum—understanding by these terms the extreme points of the area

covered by the elastic expressions ‘ the cost of production of labour ’ and
* the average rate of profits.’ But it will probably coincide with neither

of the two ;
and no theory of pure competition, based as it essentially is

on the possibility of infinite subdivision, will enable you to determine at

what precise point between these two extreme competitive limits the two
combinations, dealing as they are ex hypothesi with commodities or ser-

vices incapable of infinite subdivision, will come to an agreement and
effect an exchange. All that you can safely infer is that the point of

agreement will not lie outside these limits, unless indeed—though this is

not an /impossible supposition—either of the two parties is blind to its

economic interests.

I have endeavoured to reply to the argument advanced, as I think,

erroneously by one of my critics
;
and I believe that, without undue pre-

sumption, I may claim to have answered the other by implication. For
while 1 have tried to show that theoretic economics cannot determine
the exact basis of a scale, I have, I think, incidentally indicated the

reasons for my opinion that they may have something to say about the
general character of that basis. Combinations are, as we have seen,

in some degree subject to the influence of competition, which pre-

scribes the extreme limits within which they act; and it is probable,

therefore, that economic theory, based as it is on competition, may not
be entirely foreign to a treatise on sliding scales, based as they are on
combination.

The fundamental principle, indeed, of a scale—the concurrent varia-
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tion of wages and prices—is an economic principle j^and I do not know
myself how it can be satisfactorily or completely investigated withoni the
aid of economic theory. And so, looking at sliding scales, as I have done
throughont this paper, as they have been employed in the regnlEttion of
wages alone, I have endeavoured to show * that the practice hitherto

followed in connection with their construction and operation is * in a
measure in accord' with the modern economic theory of wages. I do
not think, indeed, that it is at present possible to effect a complete
reconciliation between the economic theory of wages and the factors

entering into the determination of a scale
;
but I do think that, if we

make such allowance for the consequences resulting from the presence
of rival combinations as the previous course of the argument has indi-

cated, our emphasis would rather be laid on the points of agreement than
on the points of difference.

For there is—and we cannot ignore it—the broad fact of a concurrent
variation of wages and prices. That is an element common both to the
scale and to the theory. It is true that the prices in the theory are in the
present or the future, while the prices in the scale are in the past

;
that

the former are, as I have said elsewhere,*^ ‘realisable,’ while the latter are

realised. But this difference arises from a practical necessity, which may
surely be regarded as one of those conditions which generally attach to

the putting of theory into practice, but do not on that account make the
theory untrue to the practice. You must ascertain the variation that has
taken place in prices before you can det^mine what variation should be
made in wages

;
and your particular practical mechanism for ascertaining

prices does not allow you to do so until they Jiave actually been realised.

The fundamental principle, then, on which the sliding scale and the
theory of wages alike are based, is not affected by this difference

;
nor is

it—if the period of ascertaining the prices be frequent—a difference of

any great magnitude. And here it is relevant to add that, in the iron

trade at least, the competitive forces on which the theory of wages rests

have, as a matter of actual fact, been adduced and accepted as a reason
for the more frequent ascertainment of prices.

It is true, again, that the economic theory of wages takes into account
the question of the supply of labour and the demand for its services, and
that this element is not explicitly recognised in a sliding scale. But here
again the difference is in reality less considerable than might be imagined,
and is only such as the previous course of the argument in this paper
might lead ns to expect. The economic theory of wages is based on
competition, and the sliding scale on combination. But, as we have already

seexi, combinations are not entirely emancipated from the influences of

competition ;
and it may fairly be argued that, as a matter of actual fact,

competition is implicitly, if it is not explicitly, taken into account in the

construction and operation of a scale.

In the construction, this is the case, for the basis from which a scale

starts is, as Professor Mnnro has said, ‘ historically ’ connected ® with com-
petitive influences, so far as they have not been modified by combination.

The general basis, again, is only the centre of a number of particular

local arrangements, which in their turn start from a time when competi-

tive influences were at work through the medium of combination, pre-

* IndugtriatPeace^ p. 94. ^ * Ihid*
* Sliding Scales in the Coal Industry^ p. 19.
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scribing wbat we have ventured to call a maximum and a minimum limit

to wages.
^

Kpr are the facts different from this when we turn our attention to

the bjieration of a scale ; for, should particular local circumstances con.

sp^uously alter, the intervention of the joint committee of masters and
meu might be solicited to alter the particular local anrangements without

interference with the average wage which forms the basis of a scale
;
and

should the general circumstances of the trade themselves conspicuously

alter, or those of the labour market, experience has shown that the basis

originally adopted in the scale may be liable, and that more than once, to
readjustment.

Nor must we forget that ki some trades—and especially in such trades

as the coal and iron mining industries, where the selling price is the sole

or paramount consideration—variations in prices may be taken as a toler-

ably adequate index of the demand and correct price for labour in those
particular trades. And this is likely to be the case in a still higher
degree, on account of the fact that the combinations present material

hindrances to the entrance of outside competitors into the market, and
thus the supply side of the question is in a large degree robbed of its im-
portance and the supply becomes stereotyped.

Where, indeed, the cost of the raw material is an appreciable and
fluctuating element, the index afforded by variations in prices becomes
deficient. But here I can only remark that the inclusion of changes in

the cost of the raw materials among the various factors entering into the
determination of a scale may be^a matter of time, and may introduce an
added complexity, but is certainly in no way incompatible with its essen-

tial characteristics. We are indeed only too liable to forget, on the one
hand, that sliding scales possess considerable elasticity, so much so that

their complete reconciliation with economic theory, if we allow for the

•pi'esence of the combinations on which they rest in industrial matters^ is at

least conceivable
; and on the other that they are as yet in their infancy,

and may develop in a manner and degree that it would be folly to attempt
to anticipate. They may possibly be reconciled with more completeness
to economic theory, and they may also help to modify that theory. There
is no doubt that they do present the spectacle of two combinations
expressly recognising, and endeavouring to facilitate in its operation, a
fundamental principle of competitive economics—the concurrent variation

of wages and prices
; and there is also no doubt that where you have a

scale regulating wages there you have two combinations influencing the
conditions of the competitive market in such a way that no theory of
pure competition ' will enable you to determine the exact point at
which they will agree on a price. The starting-point then of a scale is

arbitrary; its general working is the exemplification of an economic
principle.

And it is, we must not forget, a principle of great importance. To
satisfy, indeed, all the conditions that economic strictness would- require,'

it ought, perhaps, to be elaborated in some suchvway as Professor Mar-
shall has pointed out.' But, presented as it is in its broad and, if you
like, unscientific form, had it met with general recognition I think that
it is scarcely too great presumption to infer that no Royal Commission
would be sitting at present to investigate the ‘recent changes in the

* Indnstrml Peace, Preface, pp. xx..xxii.
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relative values of the precious metals ;
’ that the adjustment of wages to

lower gold prices would have taken place automatically, and that we should
not now be hearing of supposed or real bounties, to Indian spinners and
manufacturers of cotton and growers and sellers of wheat.

And this leads me to consider one general point in conclusion. The
sliding scale is indeed in its infancy, and only affects a minority of Work-
men. It has been applied with success to those industries alone where it

can be appHed with the least complexity
;
and the fact that it has not been

recognised, save in a very partial manner, in the cotton trade—and yet
the regulation of wages by lists in that tra.de is, as any student of the
exhaustive report submitted to this Section last year will admit, by
no means free from complexity—ought to, render uk very chary in ven-
turing upon any rash prophecy of its more extended adoption. It may,
however, and I think that it will, be extended in the future

;
but, even as

it is, it may perhaps be regarded as significant of wider and more im-
portant changes. It is based, as we have seen, on combinations, and the

action of combinations, as we have also seen, undoubtedly exercises an in-

fluence on the competitive market. Is it then quite fanciful to regard
the adoption of the sliding scale as part of a growing collectivist tendency
in economic society ?

And here we must be careful to avoid over- and under-statement alike.

We must remember, on the one hand, how large is the sphere occupied

by competition in the construction and the operation of a scale
;
and, on

the other, we must not minimise the significance of the fact that two
powerful combinations meet one another and agree on a joint policy. I

am not one of those who think that society will ever be organised on one
comprehensive plan. I do not believe in the dull and stagnant uniformity

of one unvarying method of production universally prevalent. As in the

past so in the future there will, I think, be almost multitudinous variety.

But I do believe that there is more than one sign—and that among these

we may include the regulation of wages by sliding scales—that the ex-

treme individualism which has been attributed, not without exaggeration,

to the economic organisation of the early part of this century is giving
way, here a little and there a little, to collectivist influences. I do be-

lieve that methods of collective action, be it that of the State, be it that

of private corporations and associations and combinations, mqy occupy a
larger and a more explicitly recognised place in the future economy of

society than they have done in the immediate past.

I am not afraid of this tendency, because I think that its enemies and
its advocates alike have exaggerated its proportions and projects. It

will not, I believe, any more than the sliding scale has done, emancipate
itself from competition, but it will utilise and modify it. It will not, any
more than the sliding scale, overthrow economic theory, but it may
supplement it and correct it

;
and economists, whether historical or de-

ductive, will, I believe, devote as much and as fruitful patience and
acumen to the study and analysis of society as it is influenced perhaps in

a larger degree by this collectivist tendency, as they have done to society

as it was influenced perhaps in a larger degree by the individualist ten-

dency. They will be ready to coiTect their theory by the study of facts,

and to assist their study of facts by the help of theory, as the best repre-

sentatives of either school have done, if not ex;plicitly, at least implicitly,

in the past.
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Index^numhers as illustratmg the Progressive Exports of British

Produce and Manufactures* By Stephen Bourne, F.S*8,

[A communication ordered by the General Committee to be printed in extenso

among the Reports.]

A PAPER read at the Aberdeen Meeting of 1885 endeavoured to show the
‘ Use of Index-numbers in the Investigation of Trade Statistics/ and set

forth in several forms the comparisons which might thus be made
between the exports qf 1883 and previous years. The publications of the

Board of Trade since that date enable similar calculations to be made for

the four later years, and it is thought that these figures may be
interesting as an addendum to those then produced. The materials then
used were wholly drawn from the official tables and did not extend to the

imports, which are generally susceptible of being so treated ; nor does

the present inquiry travel beyond the range of that paper.

The method then adopted was to fix upon 1,000, 100, 10, or 1, as the
index for 240,00O,u00Z., the whole value of the British exports of 1883,

and to split this up into so many numbers as there were specified articles

the values of which made up this sum of 240,000,000/. Thus cotton yarn,

having been exported to the value of 13,500,000/., had for its index-number
66 ;

and in like manner every other article comprised in the total of

1,000. Such a set of figures if prepared for other years—that is, taking

1,000 to represent 240 millions of money—would show at a glance the

progress of the export trade for any number of years either backwards or

forwards for which, the requisite data were available.

But value alone is no evidence of the extent of our trade, since prices

differ greatly in one year from others
;
and hence the volume of such

exports can only be brought into the requisite proportion to the whole
of its own or other years, by reducing the weights and measurements to

a common standard or properly altering the index-number.

This is done by considering the price of each article in 1883 to be
the unit 1*, and that for other years to be more or less than this by the

proportion in which it differs. Thus cotton yam in that year was 12*26c/.

per pound, that for 1887 10’88d., and reckoning the former to be 1% the

latter is between *89 and *90. Now if we wish to convert the value of the

1887 export, viz., 11,400,000/., the index-number for which is 47, into

the equivalent in volume which at the price of 1883 the value of 1887
would have procured, we divide 47 by '89 to find 63 as its index to

compare with that of the former year.

Pursuing a similar course for all the articles of which the quantities

and the prices are specified in the accounts, and assuming that those for

which these particulars are not attainable should be in the same ratio as

those which are so distinguished, we get an index-number for the whole
which represents the difference in the extent of our tmde as regards

quantity. With these materials it can also be shown at a glance wherein
the several articles and the several years correspond to or differ from each
other.

The first of the following tables sets forth in detail the method of

comparison between 1883 and 1887. The second condenses the figures

of the five years into the index-numbers for classes of goods
;
and the

corresponding indices calculated at the prices of 1887.
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A. British Goods exported in X887 compared tvith those of 1883.

1883 1887

Articles
r

Aver.
Price

Value of
Exports

Aver.
Price

Value of

Exports

Index-numbers

Value Price
B
SJ

is

In
million

£’s

Index
No.
/

£
Alkali. . . cwt. 2*12 9 6-665. 1-74 7 •92 8

Anls., horses . ea. .55-62Z. •41 2 67-85/. •55 2 1-04 2

Arms, Are . „ 27-40S. •36 1 34-765. •22 1 1-27 1

Gunpowder . lb. 5-8'dd. •38 2 6-4(V/. •26 1 1-11 1

Bags . . doz. DIGS. 1-14 6 4-075. •66 3 •79 4

Beer . . brl. 7{)-82.9. 1-82 8 76-145. 1-68 7 •96 7

Books . . cwt. 9-56^. 1-17 5 8-81/. 1-18 5 •92 6

Butter . . „ 139'58«. •21 1 112-815. •16 1 •81 1

Candles . doz. IIds. (>•72.5. •16 1 4-665. •18 1 •70 1

Cement . . cwt. 2-31«. •93 4 1-945. •98 4 •84 6

Cheese . . „ 84 •06 — 79-265. •06 — •94 1

Co«ils . . ton 9-35.5. 10-65 44 8-325. 10-17 42 •90 48

Cordage . . cwt. 51 -05.5. •44 2 46-675. •37 2 •90 2

Cotton yarn . lb. 12-26<^. 13-51 66 IQ-SSd. 11-38 47 •89 63

„ manfd.
plain yd. 2-()1^7. 34-15 142 2'27d. 32-81 137

printed „ 3-62^/. 20-83 87 S'17d. 18-93 79

mixed „ rySld. •55 2

„ stockings doz. 3-285. •64 2 — •44 2 — 2

„ thread . lb. 3-27.5. 2-36 10 2-925. 2-98 12 •89 16

Fish, herrings . brl. 29-73.5. 1-43 6 20-025. 1-06 6 •70

Glass, plate . sq. ft. 1-425. •26 1 1-125. 26 1 •80

„ flint . cwt. 44-94.5, •34 1 48-645. •24 1 1-081
„ common „ 9-275. •36 2 9-455. •39 2 1-02 2

Hats . . doz. 21-50.5. 1-14 6 19-085. 1-14 6 •90 6

Leather . . cwt. 9-34/. 1-64 7 8-79/. 1-34 6 •94 7

„ boots dz. prs. GO- 10.5. 1-64 6 67-945. 175 mm •96 8

Jute yarn . lb. 3-05£^. •27 1 2'32d. •23 -76 1

„ manfs. . yd. 2-i)id. 2-60 10 202d. 2-06 8 •78 HI
Linen yarn . lb. 14-3Grf. 1-06 4 1377d. •94 •961

„ manfs.
white ...yd. G'95d. 4-41 18 6’07d. 3*86 •87 18

printed... „ 7-sod. •21 1 6‘l2d. •21 •78 1

sail cloth „ 11 -73^^. •17 1 IVOld. •14 •94 1

„ thread . lb. 2-G15. •29 1
'

2-485. •35 •96 1

Iron, old . ton 3-47Z. •34 1 2-86/. •83 3 •82 8

ft * 99
62-145. 4-08 17 47-265. 2-74 11 •91 12

„ bar . „ 7-OG^. 2-03 8 6-60/. 1-45 6 •78 8

,, railroad „ 6-19^. 6-01 26 4-5(55. 4-62 19 •73 26

„ wire . »,
14-80/. •93 4 13-68/. •63 3 •90 3

„ sheet . „ 10-12/. 1-48 6 9-06/. 1 f -90 8

„ galvanised „ 16-18/. 1-75 7 11-76/. y 3-31 14 <[
-77 16

„ hoop . „ 7-77/. •67 3 6-06/. J L ^78 8

„ tinned . „ 17-47/. 4-71 20 13-66/. 4.79 20 •77 26

,f cast . ,,
12-97/. 4-62 19 11-16/. 412 17 •86 mmwW yw

„ steel, wrght. „ 19-10/. 1-40 6 — 2-09 9 — 18

), ,, mfs. ., 42-70/. .
-68 2 29-93/. •41 2 •70 8

Copper ingots . cwt. 3-38/. '114 6 2-26/. •97 4 •67 6

„ yellow
metal . „ 2-99/. 118 6 2-08/. •70 8 •70 4

„ other kinds „ 3-87/. 1-24 ^
1

2-68/. •99 6 •66 7
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T
A. British Goods exported in 1887 oompared with those of 1^%%—continued.

.1111
J

1883
1

1

1887-

Value of
^

Index-numbers
Rvnnrffl

Aver.
Price

X

—

Aver.
Price

Value of
ExportsArticles

In
Index
No.

i

Value Price
million

jE’s 1

£
SlTStSS f • cwt. 4-47/. •43 2 3*76/. •34 1 •84 1

Lead ton 14*07/. . *55 2 13*75/. *61 2 •98 2
Tin cwt. 4*88/. *5Z 2 6*48/. •54 2 1*12 2
Zinc 99 13-89«. •10 13*91#. •15 1- 1

Oil-seed , gal. l*86s. 1*86 8 1*67#. 1-57 •90 8

Paper cwt. 215/. 1-28 6 1*74/. 1*48 6 *81 ' 8

Salt ton 12*84s. •65 3 12*82#. *52 2 1* 2
Silk, Brd. stfs. yd. 3*26«. 1-25 5 4*15#. 1-37 6 1*27 8
Soap cwt. 22*96#. •45 2 19*98#. *45 *87 2
Spirits . gs.\. 5*93#. •81 3 1*04 1*13 4
Sugar . cwt. 21*40#. 1*24 5 13*19#. *47 •62 8
Wool . lb.

1

12*71</. 1*03 4 1 lV2od. •92 •88

„ yarn 99 23*41</. 3*27 14 23*73</. 3*97 1*01

„ cloth yd.
'

38 30</. 7-35 31 mmm 9*85 41 1*04

„ flannels . 99 14*82^/. •84 3 12*27</. *96 4 •89 5

„ stuffs 99 9*94rf. 7*69 32 8*87</. 695 29 *83 36

„ carpets . 99 2S'2id. 1*26 6 24-26^/ 1*31 5 *86 6

Total specified 1

articles . /
— 170*14 706 — 158*86 662 — 776

Total unenume- )

rated do. . )

— 69*66 294
I

6255 260 — 287

239*80 iooo| 22141 922 — 1,062

13. Exports ofBritish Produce and Manufactures for theJive years ending with 1887,
in Index-numbers on the Basis of 1883, viz.j 1,000 representing 240,000,000/.
with those numbers as they ivould have been at the prices of 1883 (the black

figures being at 1883 prices).

1883 1884 1885 1886 1887

Cottons .... 299 285 294 262 283 271 804 278 318
Linen and Jute 36 36 39 31 36 32 37 32 86
Woollens 89 97 98 95 98 98 102 100 109

Chief t extiles 424 418 431 388 416 401 448 463

Coals .... 44 45 46 44 46m 46 43 48
Iron .... 118 102 112 90 107 B| 116 104 186
Other Metals . 21 20 22 19 23D 22 18 28

Chief Minerals 183 167 180 163 149 183 165 206

Others specified 99 98 100 102 108 ' 98 108 87 106
All other goods 294 288 299 246 267 237 268 260 287

Total goods . 971 888 967 885 922 1,062
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1883
1884
1885
1886
1887

Actual values.

Index No. £
1,000 = 239,799,473
971 = 233,026,242
888 = 213,044,600
885 = 212,432,764
922 = 221,414,186

At
Index No.
1,000
1,010
967

1,002

1,062

prices.

£240.000.
000

242.600.000232.000.

000
240.500.000263.000.

000

1883

srerage 933 = 223,943,231 . 1,008 242,000,000

Although the object of this paper is rather to show the plan adopted
and to add to the details of the former paper those relating to subse-

quent years ;
it would lack the interest to which the subject, if not the

method, is entitled, were there to be no allusion to the results at which
we are thus enabled to arrive. Comparing then the figures of the year last

ended with those of 1883, which has been adopted as a standard, we find

that, starting with 1,000 as the index-number to represent the total ex-

ports of the former year, 922 will be that for 1887, because the export of
that year fell short of those in 1883 by 7*8 per cent.

;
but that having

regard to the quantities of the several articles exported during last year
and the higher prices which prevailed in 1883, we must make additions to

most ofthem, which will bring the index up to 1,062, and, therefore, that in-

stead of the volume of trade having diminished in the proportion which the

value taken alone would indicate, it has increased by 6*2 per cent, beyond
that of 1883. In fact, that had the goods we thus sold in 1887 been

j
arted with in 1883 they would have realised 253,000,000Z. instead of but

221,000,OOOZ. ;
in other words, that our trade in this particular branch has

been larger by or 19 per cent., more than it appears to be,

if we take value alone as our guide.

Treating the intermediate years in the same way, 1886 is increased by
oQ iq q.R

tTi o’
13*2 per cent. ; 1885, or 9 per cent. ;

and 1884 or 41
213 2oo

per cent., the actual index-numbers for the values from 1883 being in

the series of

1,000

: 971 : 888 : 885 : 922

;

those for volume

:

1,000

: 1,010 : 967 : 1,002 : 1,062

;

and carrying the comparison further back it was shown in the Aberdeen
Paper that, whilst the value series for the years 1883, 1879, 1875, 1873,

and 1865 were 1,000 ; 798 : 931 : 1,063 : 695, those for volume were

1,000

: 798 : 739 : 727 : 460 ;
thus giving an accurate gauge of the con-

ditions as to total volume as well as to total value for the four years since

1883 and four selected ones between that year and 1865. The same com-
parison may be made at sight with any single article either in relation

to itself for previous years or as to its relative importance to others in

one or many years. *

Looking down the list of articles enumerated in the published accounts

it may be seen how much of our manufacturing power expended upon the

production of goods for export is so spent upon each one, and wherein

the variations in the volume as contrasted with the value have consisted.

Grouping together all the textiles and all the metals and throwing all the

other^ into a third, we learn that the value of textiles is represented by the

index 410, the volume by 463, a difference of 12*4 per cent.
;
that of metals
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and minerals, including of course coal, the indices are 165 and 206, a
difference of 23*1 per cenK; whilst the whole stands at 922 and 1,062, or

10*85 per cent., thus showing the relative proportions of^
the two most

important branches of our national industries, and the degrees in which
they have varied in the one year from the other. It must be remembered
always, however, that a vast variety of articles into which the materials

are converted when finished, as, for instance, apparel from cotton and
hardware from iron, are included in the unenumerated because we have
no facts as to the alterations either of quantity or price.

Another branch of the inquiry, even as regards the export trade, would
require similar figures and calqalations for the imports of the raw materials

in which we work. These are widely different in the case of the two princi-

pal branches, for almost all of those enumerated with textiles are of foreign

production, whilst those employed in the metal industries are chiefly

from native sources. To select for illustration the one class of cotton

goods, of which the chief constituent is of foreign growth. Cottons

altogether have an index-number of 278 out of 922 for value, and one of

818 out of 1,062 fer volume. The imports of cotton wool (after deducting

the quantity sent away again in its original condition) are indicated by
143 for value and 166 for volume, which are very nearly one-half of the

whole export figures. The index for prices is almost exactly the same,

namely, *86 or *87, showing that there must have been a fall in the labour

nr other elements of the cost of production in the same ratio as in that

of the raw material.

These particulars are not singled out as proofs of the progress the

nountry has been making—for that would require a much more detailed

examination—but as instances in which the method of reduction into

index-numbers facilitates inquiry and exemplifies its results. For whilst

as j’egards each individual article or material its own figures furnish the

best means of comparison, it is only, as is well known to all inquirers,

by getting some common basis that we can effect the necessary addi.

tions, deductions, or combinations without which it is not possible that

the whole should be shown or general conclusions established.

The Friction of M^tal Coils.

By Professor Hele Shaw and Edward Shaw.

[A communication ordered by the General Committee to be printed in extenso
among the Reports.]

Coil friction has long been used as a powerful means of communicating
or retarding motion. Even where only a partial coil is employed, as

in the case of leather or rope belting and flexible metal brake bands, the

frictional resistance to be obtain'ed by small pressures is very considerable

;

but where several complete convolutions are used, the effects to be
produced are unlimited. Thus a rope, half a turn of which is taken
round a post, will enable a mau at one end to sustain a force thi’ee times
as great at the other

;
but the resistance is multiplied three times for

oach half-turn, so that in four or five turns a resistance of several hundred
tons might be obtained, and the result only limited by the ultimate
tenacity of the rope. On first thoughts, it would not be obvious that,
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with the exception of flexible metal bands and wire rope, metal could be-

employed in coil friction. In exactly similar circumstances this certainly
could not be done; but suppose the conditions to be altered, and the
metal coil to be only used under circumstances which do not require it

to be unwound, as is done with rope, then the properties of coil friction

may also be taken advantage of if the coil is suflSciently flexible for the
purpose. It is true that metal is inferior in frictional resistance to rope,

but this advantage may easily be obviated by using a greater number of
coils, whereas the much higher tensional strength and durability of metal
point to many valuable applications. The chief applications, which have
been made with more or less success, ba»re been in connection with
clutches and brakes, and the principle of operation is very simple. The
metal coil is either wound round a shaft orihe sleeve of a pulley, or else

it is contained within a cylinder attached to either. One end, which will

always be referre<^ to in the present paper as the ‘ tail,’ is by some means
or other brought into frictional contact with the shaft, sleeve, or cylinder,

and is thus carried round if the surface 0b in motion, or retarded if the
coil itself be in motion and the surface at rest. The attachment of the
‘ head ’ of the coil prevents its following the tail until a considerable

tension is put upon the whole coil. Thus, if the coil encloses the shaft or
sleeve, it is made to wind up upon the Shaft, becoming of less internal

diameter and taking a frictional grip throughout its whole length
;
but

if, on the contrary, it is enclosed in a cylinder, it is made to unwind, and
so expand. In either case the result is the same, and a force of any
required magnitude may be transmitted by this means. In order ta
illustrate this action, a piece of apparatus has been devised by the
authors which may interest those who have never seen any example of

the power of metal coil friction. A weight of 56 lbs. is raised by a drum
and handle. The shaft—1 in. in diameter—to which the drum is attached^

passes through its bearing in the frame, and is attached to the head of a
metal coil of iron wire ^ in. in diameter. The coil encloses a sleive

carried by the frame, and the tail of the coil is free. As long as this is

the case the whole weight of the 56 lbs. has to be sustained by means of
the handle

;
but if a weight of 10 oz. is now suspended to the tail, a

grip is obtained throughout the coil, by means of which the weight is>

sustained, which from the difference of leverage is equivalent to a force

at the head of the coil of 200 lbs. The load has in this way been in-

creased at a previous trial until the head of the coil was torn off* without
adding to the weight at the tail. If the small weight is raised, the load

falls; but its fall is instantly checked by releasing the small weight
again. To show the effect of the number of convolutions various coils

are substituted, and it is seen that when there are only four coils instead

of eight, an increased weight, many times as great, is required to sustain

the load. The effect of simply twisting the tail of the coil is very
rema^able,. as may be ascertained by means of the small wire coils now
passed around the room. In this case it is not necessary to hang any
weight at all upon the tail itself

;
and the self-sustaining action of the

coil, which permits perfectly unconstrained motion in one direction but

instantly checks any motion in the other, is very^strikingf This effect is-

still more strikingly exhibited by means of the experimental apparatus-

The tail of the small coil is twisted so as to just touch the shaft with a
slight pressure. The load is then raised, and no resistance whatever is

felt from the coil as long as the handle is being turned in the correspond^
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ing direction; bnt immediately the handle is released and the weight
tends to fall, the coil comes into operation, and grips the shaft with a
force which not only prevents the weight from falling, hat also resists

the farther load now applied, the two being together equivalent to a total

pull of nearly 1,000 lbs. upon the coil. The important applications of

this kind of action in self-sustaining hoists, silent feed motions, and for

other purposes, are obvious.

Coming to the applications of metal coil friction which have been
proposed, we find that in 1877 Mr. Rider, an American, devised the

friction clutch shown in Fig. 1. In this clutch a cone sleeve, A, is moved

by means of a lever acting at B, and so throws open a split cone lever, 0,
and wedges out the tail of the coil against the cylinder in which it is

enclosed. The coil, which is revolving, is thus unwound, and so presses

upon the inner surface of the cylinder, which it carries round, and with
it the pulley to which it is attached. Fig. 2 shows an application of the

converse and most usual case, in which the coil winds up and closes upon
a shaft or sleeve which it surrounds. This friction clutch wAs invented

by Mr. Sterling in 1882, and its action is easily understood. .A sleeve, A,
carries afong one end of a toggle joint B, and so pushes out the end of

the lever C, and thus presses the tail end of the coil. The coil conse-

quently tightens upon the boss of the pulley D, ard carries it round.

There is also an example of wire rope coil friction shown at E, Fig. 2.

An arrangement has been recently devised by M. Gambaro, a French*
engineer, and ^plied as a brake to a crab winch. The same inventoi^

has proposed a system of continuous railway brakes on this principle.

Professor Osborne Reynolds has also applied metal coil friction in an
ingenious arrangement for turning the valve rods of the experimental

steam engine at Qwens College, thus enabling the governor to be the
means of almost instantly altering the position of the slides, thus regu-
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lating the admission of steam > Those who have seen this arrangement
at work must have been struck by the suddenness and force with which
the coil comes into action. Notwithstanding these and other applicaiions
of coil friction, the actual amount of knowledge on the subject, at any
rate in a published form, is very small, and the accepted the<)ry of

ordinary coil friction, which takes no account of the comparative rigidity

of the coil, is not directly applicable in the case under discussion. Mr.
Edward Shaw, in attempting to make use of metal coils, found various

practical difficulties and apparently anomalous results, which led the

authors to think it worth while to make some experiments bearing upon
certain features in the application of this form of coil friction.

Form of coil .—The first points to be considered are those of the

requisite form and dimensions of coil ;
for it is obvious that while suf-

ficient strength is required at the head of the coil to resist a considerable

force, the tail need not be of similar section. It is not merely waste of

metal to have the section uniform, but the want of flexibility thus entailed

seriously impairs the efficiency of the coil. Fig. 3 will illustrate this

point, in which a shows the section of a coil which has been adopted by
one or two inventors, whilst & is a section of the coil reduced in thickness,

but of uniform width. This has the disadvantage of being too broad at

the tail, and the quantity of lubricant getting under such a surface

prevents the initial grip taking place so readily. Fig. 3 c shows a very

efficient form in which the advantage of smaller space (the number of con-

volutions being the same as in 6) and more sudden initial grip are insured.

A yery good form of coil is that shown in d, in which the last coil or two
are circular in section. M. Gambaro and Professor Reynolds have both

employed coils of decreasing width and thickness. With regard to the

diameter of the coil, this, where perfect flexibility is assumed, is a matter

of no importance, except as regards the obvious effect upon the leverage

at which the resistance acts. With metal coils the case is diflerent, as

the larger the diameter the more readily the surface comes to its bearing

for a given cross section, and with a given initial clearance the compara-

tive distortion is less the greater the radius of curvature. In order to

have the internal surface of true cylindric?al form, several coib were
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rigidly held and bored out, some even being afterwards ^^craped to a
bearing. It was, however, found that there was no necessity for such
refinement, as after a very brief period coils simply made by twisting a

taper rod round a turned cylinder found their own bearing, and were
quite as effective as those which had been bored out.

Relation between force and resistance.—Of the coils exhibited, those
lettered a, 5, c, and d had sections corresponding to those similarly
lettered in Fig. 3. These four coils have been experimented upon by
means of the apparatus shown in Fig. 4. On the face-plate of a lathe
were fixed cylinders upon which the coils fitting loosely were successively

placed. The head h of the coil 0 was prevented from revolving by means
of a lever L having a fulcrum at F attached to the lathe bed B. The
lever L is eounterweighted by means of a scale-pan W hanging over a
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pulley M, and the loads which are placed in the larger scale-pan W thus
have an effect just twenty times as great upon the head of the coil. The
tail of the coil t was attached to a delicate spring balance, S, which in

turn was suspended by a cord passing over pulleys, N N. By exerting a.

greater or less force on this cord any required tangential pressure' could

be brought to bear upon the tail.

() Coil a consists of seven convolutions of ^in. square cast Steel, and
therefore not being very flexible, was made a good flt upon the cylinder

;

but notwithstanding this a pull of no less than 25 pounds was required to

raise the weight of the lever, which was equivalent to a force of 140
pounds at the head of the coil. The result of increasing the pull on the

tail is shown below :

—

F . . 26 37 41 43 47 51 55 59 63 67 70
R . .140 240 260 300 310 350 410 480 520 660 700

F == force on tail in pounds. R = resistance on headun pounds.

These results, which are not very uniform, and point to the evil ojf

using rigid coils, were obtained with dry surfaces. The effect of lubri-

cating the surfaces always appeared to be the reverse of what might be
expected ;

thus, in the present case, a pull of only 32 lbs. instead of 37 lbs.

was sufficient when lubricant was freely applied to overcome a load of

240 lbs., 37 lbs. replacing 55 lbs. and balancing 410 lbs., 49 lbs. replacing

70 lbs. and balancing 700 lbs.

() Coil b of wrought iron, consisting of eight convolutions of

^ in. X f in. tapering to J in. X ^ in. required only a force of 3 lbs. to make
it lift the lever

;
but having once done this, the grip upon the surface

was absolute, and apparently sufficient to raise the maximum pull that

could safely be applied, which ’^vas 4,000 lbs. The only effect of lubrica-

tion was to make the gripping action more sudden and violent.

(c) Coil c of steel, consisting of eight convolutions tapering from J in.

square to ^ in. square section, gave the following uniform series of

results :

—

F . . U 5 5^ 6 % 7 7i 8 9 9^ 10
R . .140 220 3O0 380 460 540 620 700 780 860 940 1020

F and R having the same values as before.

When the lubricant was used, the results, though not quite so uniform,
did not differ greatly from the above, but were again slightly less, show-
ing that lubrication makes the action more effective.

(d) Coil d, consisting of ten convolutions of | in. square wrought
iron, tapering to in. round steel, behaved exactly in the same way as

coil 5, but the effect was more marked, and 1 lb. on the tail resulted in

an absolute and complete grip of the whole coil.

Influence of velocity,-r-The effect of change of velocity of the moving
surfaces was very surprising, the general result of decrease of velocity

being to enable a small force on the tail to put the cpil into operation.

This was not merely the case when the coil was revolving and the result

of centrifugal force acting to keep the coil from contact, but was just as

marked when the shaft or sleeve rotated and the coil remained at rest.

Again, the chief effect of change of velocity seemed to be felt with coils

similar to a and b on the diagram, in which the broad surfaces seem to

hold the lubricant more than the narrow ones. In experimenting upon
coil 0 it was found that with a surface velocity of 15 ft. a minute 3^ lbs. at

1888. N N
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the tail produced a force of 140 lbs. at the head, whereas^ at 180 ft. per

minute 6^ lbs. was required to obtain the same result. With a very short

coil of section c, having only five convolutions, the sleeve inside the cotl

could be rapidly revolved, with no apparent resistance
;
but directly the

speed was reduced below a certain limit, the coil gripped with its full

force. It may be that further experiments in this direction will throw

some light on frictional resistance at high velocities.

The foregoing results, which are a brief resume of the experiments^

upon the four typical coils, at first appear to be contradictory. Two of ^

the coils behave in a very different manner to the other two. Thus, with

a and c, after allowing for the stiffness of the spring, the experiments

agree with the usual theor3^ which assumes that the forces at the two
ends of the coil are directly proportional to each other when the arc of

contact and coefScient of friction are constant, as was the case in the

experiment. This is not so evident with the former of the two, in which
the stiffness of the coil and the manner in which it acted prevented very

^accurate results being obtained. With the latter it is easy to see that an
equation of the form

F=/i; R+wi
I

represents the results, F being the force on the tail, R being the resistance

on the head, while h and m are constants. The exact value of mis 3*625,

this being a measure in lbs. of the stiffness of the spring, since when the

resistance is zero, m is equal to the force on the tail in lbs., and it will be

seen that for each increase of ^ lb. on the tail there must be an increased

resistance of 80 lb. on the head. With the coils h and d there is no such

proportion between the two effects, but when once the coil comes into

operation the grip is sudden and absolute. The explanation is found by
reference to the dimensions of the coils themselves, when it will be seen

that the section towards the tail in the case of h and d is much less than

that in the case of d and c
;
thus, when the initial resistance in the latter

case to closing the coil due to its stiffness is overcome, the bearing is

continuous, and the force then on the tail is probably for in excess of
that which would be required to even tear off the head of the coil. It

will thus be evident that on attempting to make use of metal coils for

practical purposes two distinct modes of operation are available, which,

although so very different, can be obtained by merely varying the

relation between the number of convolutions and cross section of the coil.

Where a definite ratio is required between force and resistance, then the

number of coils must be reduced or the cross section towards the tail

increased; but if small constant force only is available to put into

operation, whatever be the resistance at the bead, then the convolutions

must be sufficiently numerous and the tail end of the coil sufficiently

flexible. The objection to the former is that any variation in the

coefficient of friction makes a considerable difference in the result;

but in the latter case, where the force required to start the coil is so

extremely small, some effective means of releasing the grip when it

reaches a certain definite amount would enable such coils to be effectively

applied for purposes such as clutches and brakes. '

i Note.—In the discussion which followed the reading of the paper,

various suggestions were made to account for the peculiar effect of the

lubricant in increasing the effective action of the coil. The authors, upon
further consideration, believe the true reason to be as follows. At times,
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when running dry, it was noticed that the application of the load
produced a vibratory effect, which was sometimes so great as to make
itself evident by auditory means. This vibration in all probability always
existed, to a greater or less extent, throughout the experiments as long
€U3 no lubricant was used, and would be quite enough to account for^the
diminished power of the coil considering the great resistance it had to

overcome, and would explain the more effective action resulting from the
Uipplication of the lubricant, which no doubt prevented such vibration
^taking place. Certainly no vibration caused by alternate gripping and
release of the tail of the coil was ever noticed when lubricant was being
used between the surfaces in contact.

JSur Vapplication de Vanalyse spectrale d la mScanique moUculaire
et mr les spectres de Voxygene. Par Dr. J. Janssen.

[A communication ordered by the General Committee'to be printed in extenso
among the Reports.]

^ANALYSE spectrale constitue Pune des methodes les plus fecondes d’in-

vestigation dont le physicien pnisse disposer pour I’etude de la constitu-

tion des corps, soit au point de vue chimique, soit au point de vue de la

m4canique mol4culaire.

Jusqu’ici I’analyse spectrale a et6 principalement appliquee a la deter-

mination de Pespece chimique. .

Nous nous proposons de montrer dans ce travail qu’elle est non moins
•f^conde pour I’etude des questions de mecanique moleculaire.

Les 4tudes suivantes sur les spectres de Toxygene dans leurs rapports

avec les densites de ce gaz sont un essai tente dans cette direction.

1. Ldboratoire et instruments experience .—La disposition du lieu et

des batiments a Tobservatoire de Meudon a permis la creation d’un labo.

ratoire qui a environ 100 metres de long et contient tons les instruments

necessaires pour I’etude des gaz sous de grandes 4paisseurs et de hautes
pressions et notamment

:

Un tube en fer et deux en acier double de cuivre rouge, ayant 60
metres de long et pouvant supporter une pression de 200 atmospheres.

De nombreux tubes de longueurs et de diametres' varies permettant
d.’etudier les gaz sous des pressions qui dans des cas sp4ciaux peuvent
aller au deU de 1,500 atmospheres.

11 y a lieu de signaler une balance pouvant
.

peser 40 kilogrammes a
un centigramme pr5s. Cette balance permet de determiner la densite

d’un gaz indepehdamment des pressions et par la seule consideration des

poids. Le tube, contenant le gaz sous pression, est equilibre sur la

balance. On fait sortir le gaz, on retablit Tequilibre par des poids

marqu6s, ce qui fait connaitre le poids du gaz sorti, et ce poids combind
avec la capacity du tube prealablement d5terminee (apres les corrections

necessaires) permet de conclure la densite.

Les sources de lumiere employees dans le laboratoire sont la lumiere

de Drummond, la lumiere eiectrique, la lumiere solaire.

2. Spectres de Voxygens.—Ces 4tudes devaient commencer par Toxy-

gene Ce gaz, en effet, par les phenom5Des de modi&cations moieculaires

qu’il presente, notamment celle qui donne lieu k I'ozone, paraissait etre le

H K 2
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gaz qui promettait les resaltats les plus interessants pour une etude do
structure moleculaire par I’analyse spectrale.

Au moment ou j*ai commence ces Etudes en 1885 M. Egoroff 4tait

occupe a verifier si les groupes A et B du spectre solaire appartenaient

effectivement, comme il Tavait soup9onne, au gaz oxygene.

Malgre les facilites que me donnaient les moyens puissants dont je

disposals, j’ai tenu a lui laisser poursuivre cette etude commeiic4e,

estimant qu’on n’a pas le droit de toucher a un sujet aborde par un
auteur tant que cet auteur manifeste Tintention de poursuivre ses etudes.

Ces habitudes de delicatesse scientifique ne sont pas malheureusement
assez suivies.

Les premieres etudes sur le gaz oxygene ont ete faites avec le tube en
fer de 60 metres, ferme a ses extremites par des glaces doubl4es. La
lumiere employee fut la lumiere de Drummond (bees multiples disposes

en ligne verticale). Lefaisceau est rendu parallele avant son entree dana
le tube et a sa sortie il est concentre sur la fente du spectroscope.

Variation apparente des spectres avec la pression.

Le groupe B du spectre solaire commence a ^tre nettement perceptible

avec 2 atmospheres d’oxygene. Le groupe A commence a I’etre beaucoup
plus tot.

Ces groupes se developpent naturellement en intensite avec Taugmen-
tation de pression.

Bandes obscures .—Mais de 6 a 12 atmospheres on voit apparaitre un
phenomene spectral nouveau : ce sont des bandes obscures estomp^es^
paraissant tres difiicilement resolubles.

La premiere se montre pres de D du cote du violet.

Une seconde entre C et D.
Une troisieme pres de F du c6te du violet.

On peut en d^velopper d’autres par ^augmentation de pression, mais
nous considererons seulement ces trois bandes d’absorption pour le

moment. Voici la position de ces bandes (il faut remarquer qu’elles aug-
mentent de largeur et d’intensite avec la pression et I’epaisseur de gaz.

traverse, suivant la loi generale de ces phenomenes).
Bande du rouge, 0'**632 a (F’622.

Bande du jaune pres de D, 0^*580 a 0‘‘572.

Bande du bleu pres de F, 0*'482 a 0^*478.

Il paraissait d’abord singulier qu'un gaz donn&t naissance a des bandes
paraissant tres-semblables a celles que donnent les corps solides ou
liquides, et en outre, que ces bandes fussent associees, dans le m^me coiq)S,

a un autre systeme de raies, comme B, A
;
aussi ces bandes singulieres

ont-elles attire notre attention tout d’abord, et avons-nous cherche faire

urie etude approfondie de la question de principe qu’elles soulevaient.

Il fallait avant tout demontrer qu’elles appartenaient bien au gaz
oxygene, et qu’elles n’etaient point dues a la presence de vapeurs ou gaz
etrangers, produits soit dans la preparation de roxyg^ne, soit dans les

operations qui ont pour but de le comprimer. Nous avons aldrs prepare
I’oxygene par des moyens varies : par le chlorate de potasse, en purifiant

et dessechant avec soin le gaz produit
;
par I’oxyde de mercure

;
par I’eau

oxygenee, etc. Les bandes ont toujours persiste. Nous avons ensuite
institue une experience propre ^ montrer la non*intervention des carbures
d’hydrogene dans la production du phenomene.

Le gaz ox^g^ne, au sortir de la pompe, et avant son entree dans le

tube en experience, etait force de passer dans une couronne formee par
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iintube capillaire de cuivre rouge, couronne tjui etait portae k la

temperature du rouge vif.

Dans ces conditions I’oxygene subissait Faction d’une tres haute
temperature capable dedecomposer completement les carbures d’hydrogent;
qu’il e^t pu contenir. Or, les bandes ont encore fait leur apparition auz
memos pressions.

Nous avons encore voulu nous demontrer par une experience directe

qne Faction des pompes n’intervient pas dans la production des bandes.
Aux deux extremites du tube de 60 metres on a branche des tubes

fiexibles mettant ces extremites en communication, au moyen de robinets,

avec la pompe foulante.

Ces dispositions prises, on a foule dans le tube 6 atmospheres d’oxygene
de maniere que la bande de D fut aussi faibJe que possible quoique encore
perceptible.

La pompe alors fut mise en action ; elle prenait le gaz a une extremite
du tube pour le faire rentrer par Fautre extremite.

Dans cette operation la pression dans le tube de 60 metres n^augmen-
tait pas, puisque ce tube empruntait a lui-meme le gaz que la pompe lui

envoyait
;
les bandes ne pouvaient done pas augmenter en intensite du

fait de Faugment*^tion do la pression.

Mais si Faction de la pompe eM ete capable d’intervenir dans la

production des bandes, Fexperience Feut mise infailliblement en evidence,

puisque cette action pouvait otre continuee aussi Iongtemps qu’on voulait.

Or, apr^s six heures d’action de la pompe, les bandes presentaient le

meme aspect qu’au debut de Fexperience.

Les bandes sont done independantes de Faction des pompes.
En resume

:

Les bandes persistent quelle que soit la provenance de Foxygene em-
ploye. Elies ne peuvent etre attribuees ni a la presence de carbures
d’hydrogene qui auraient echappe aux moyens de purification du gaz, ni

a une action inconnue mais possible de la pompe.
Les motifs pour les attribuer a Faction de Foxygene prenaient done

deja une grande force. Dependant, comme Foxygene fait partie de
Fatmosphere terrestre, on devait, avant de considerer la question comme
resolue, examiner les circonstances de la production des bandes dans
leurs rapports avec Fatmosphere.

Or, de ce cote, surgissait une grande difficult^.

En efiet, Foxygene contenu dans Fatmosphere terrestre, repr^sentant

environ la cinquieme partie du poids de cette atmosphere, 6quivaut a une
couche gazeuse de 1,500 metres environ de hauteur a la pression d’une
atmosphere ou de 250 metres k 6 atmospheres.

L’action de Fatmosphere, d’apres ces donnees, devrait done 5tre plus

que quadruple de celle du tube de 60 metres.
' Comment se fait-il que le spectre solaire aux enyirons de midi et

m5me quand le soleil est assez Iqin du m4ridien ne pr4sente aucune des

bandes en question ?

Cette consideration ne laissait que deux alternatives : ou d’admettre

que Faction qui produisait les bandes suivait une loi difierente de celle

accept4e jusqu’ici, c^est-^dire, celle de la proportionnalite au produit de
Fepaisseur gazeuse travers^e par la densite du gaz, on bien que des gaz
Strangers et actifs n’avaient pas 5^4 eiimines.

Les precautions prises pour ecarter toute action possible des corps

etrangers m’ont paru assez completes pour chercher ailleu.rs la cause dn
phenomene.
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J’ai alors varie mes experiences avec des tubes de longueurs differenteSf.

cbaraes de gaz a des pressions variables.

pes experiences m’ont conduit en effet k soup^onner une influence

particuliere de la pression et par suite de la density sur la production du
phenomene.

Pour mettre nettement en Evidence cette influence de la density, j’ai

institu^ i’exp^rience suivante. A c6te du tube de 60 metres a 4te plac4 un
tube de 20 metres de mSme diametre et pouvant ^ti'e mis en rapport avee

lui par des prismes k reflexion totale.

La lumiere de la sourco traversait le tube de 60 metres, se r4flechissait

deux fois, p4netrait alors dans celui de 20 metres et 4tait analysee a la

sortie de celui-ci. •

Les choses ainsi disposees, on fit le vide dans le tube de 60 metres et

on foula au contraire de I’oxygene dans celui de 20 jusqu’a ce que les

bandes commen9assent a se montrer. 11 a fallu pour cela 12 atmospheres.

Ceci fait, on ouvrit le robinet de communication entre les deux tubes.

L’oxygene se repandit dans le tube de 60 metres et se partagea entre les

deux tubes. La pression tomba a 3 atmospheres et les bandes dispa/rurent

eompletement.

Cette experience mettait nettement en evidence Tinfluence de la density.

En eflet, dans la seconde phase de I’experience le faisceau lumineux
avait traverse une quantite le matiere gazeuse equivalente a celle de la

premiere phase, puisque, si la densite etait devenue quatre fois plus faible,

repaisseur gazeuse etait quatre fois plus grande. La disparition des bandes
ne pouvait done etre attribuee qu’a Tabaissement de la pression, qui

n’etait pas compensee par une augmentation proportionnelle de Vepaisseur

gazeuse traversee.

Cette influence particuliere de la densite nettement mise en evidence,

il restait a trouver la loi suivant laquelle elle agissait.

On institua alors une serie d’experiences dans lesquelles on fit varier

tout a la fois la longueur des tubes et la pression du gaz. Mais pour
donner une base precise a ces experiences on adopta comme point ou la

force d’absorption est toujours la meme le moment ou une bande est

naissantCf e’est-^-dire, commence a etre perceptible lorsque le spectre est

en mouvem&nt'.

Ce moment de la naissance d’une bande n’est evidemment qu’un
phenomene relatif qui depend de I’intensite lumineuse, de la sensibility

de I’oeil, etc. On s’est attache a conserver ces conditions sensiblement les

memes dans les experiences.

Ceci pose, voici un premier tableau ou sont resumes les experiences
sur Tapparition de la bande pres de D quand la longueur des tubes
varie :

—

Longueur des tubes

!

j

Pression sous laquelle la

bande est naissante

Pression calculde d’aprbs le

produit de r<^paisseur

par la densitd eS

inetrbs atm.
60 6 6
20 10-12 18

5 23 72
1-47 38 240
0-76 60-65 480
0-42 70-76 868
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La premiere colonne contient les longueurs des tubes contenant
Toxygene, la deuxi^me les pressions sous lesquelles la bande pres de
1) est naissante. La troisieme contient les pressions qui eussent dil Stre
observ^es si la loi du produit de r4paiss6nr gazeuse par la densiti r4gis-
sait le phenomene.

On voit que I’^cart entre les nombres de cette troisieme colonne et
ceux de la seconde se prononoe des les premieres experiences et que
quand la longueur du tube tombe au-dessous d’un metre il est 4n6rme.

La loi du produit de r4paisseur par la densite ou par la premiere
puissance de la densite est done insoutenable.

On Toit de suite que ce doit etre une puissance n de la density superi-
eure a la premiere qui doit permettre de representer le phenomene.

Soit done F la force en question, ^ la densite du gaz et e Tepaisseur
gazeuse travers^e

;
on aura F=e^”. Et pour deux experiences dans

lesquelles les 4paisseurs seront e' et et les densites et B" on aura

Pour obtenir la valeur de n prenons les logaritbmes :

log e'+w log 5'=log e"+ n log c

log a' -log

II faut maintenant substituer dans cette equation les valeurs de e', e",

3', B" pour deux experiences bien choisies.

Nous prendrons celles qui se rapportent aux termes extremes de notre
s4rie, ce qui donne plus de chances d’exactitnde

; ce sent les experiences
avec le tube de 60 metres et celui de 0“*42.

CJTI O si *

'„_log 60-log 0-42_2-1549020_o.(^^g
log 72-log 6 ,

10731070
Ainsi 91=2.

II est meme bien remarquable que cette valeur se trouve determines
avec une precision aussi considerable.

Pour demontrer que cette valeur de n est bien celle qui repond a Tex-
pression du phenomene, nous avons calcule qu’elles devraient etre, pour
les experiences precitees, les densites correspondant a une valeur de n
plus grande ou plus petite d’un dixieme d’unite, cequi conduit au tableau
suivant :

—

*

Longueur dos
tubes

Pressions observees
Densites calcu-

lees suivant
Densites calcu-
Mes suivant

eS»

Densites calcu-

lees suivant

m. atm.

60 6 6 6 6
20 10-12 10-7 10-4

6 23 22-2 20-7 J9-6

1*47 38 42*2 38-3 351
0-76 60-66 601 63-6 48 0
0*42 70-76 81-7 71-7 637

On voit que pour les pressions eievees les differences entre les den-

' On donne ici les pressions observ^es, parce que e’est par le moyen des mano*
mMres qu^on a commence ce travail. . Les densites determinees par la methode des
pcsees seront donnees plus tard.
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sites calculees par les formules e^**® et et l*observation se pro-

noncent assez pour qu’on doive les rejeter.

O’est done bien la formule el^ qui represente le pbenomene, e’est-a-

dire, qne Taction du gaz oxygene pour les bandes (nous avons donne les

nombres pour la bande pres de D, mais les autres bandes etudiees con-

dnisent & la meme loi) est, pour nne meme ^paisseur, proportionnelle an
carr6 de la densite.

Arm6 de cette connaissance de la loi, nous allons reprendre Tetude de
Tatmosphere terrestre, non>seulement afin de voir si la difficult^ qui nous

avait arretes se trouve levee, mais meme pour y chercber une confirm'a-

tion de la loi.

Cberchons d’abord, d’apres la loi du carre de la densite, quelle soit

Taction de Tatmospbere sur un faisceau de lumiere qui la traverse nor-

malement.
Soit A B une colonne d’air consid^ree dans Tatmospbere

;
m m' une

tranche infiniment mince la bauteur H ;
2 la densite de Tatmospbere en

ce point.

B

La force d^absorption F aura pour differentielle

Mais la densite c est proportionnelle a la pression barometrique h ou a

et(iF=~K»;iW.

Cette equation integree, de ^=.0a A=760 et en remarquant que

et prenant dH=— 18336 log e conduit a la valeur

F=3981“.

Mais ce resultat suppose Tatmospbere entierement formee d’oxygene
a la densite de Tair

;
Toxygene n’en represente que le cinquieme, ou plutdt

le 0*208, dont le carre est 0*043
;
il faut multiplier par ce mombre et on a

F=172“.
Ainsi Taction de Tatmospbere sur un faisceau qui la traverse normale-

ment equivaut h celle d’une colonne d’oxygene de 1 72 metres environ ^
la pression d’une atmosphere.

Or, notre tube de 60 metres commen^ant k donner les bandes k la

pression de 6 atmospheres est equivalent d’apres la loi du carre a 60 x 6*

=2160 metres d’oxygene k la meme pression, c’est>Adire, qne le tube
Equivaut dans ces conditions a plus de douze fois Taction de Tatmospbere.

Nous avons maintenant Texplication p6remptoire de Tabsence des
bandes dans le spectre solaire pendant le milieu de la joum6e.

Mais quand le soleil est abaiss4 sur f’borizoq ses rayons, traversent
alors des Ipaisseurs atmospberiques qui penvent devenir considerables et

equivaloir et an del^ les actions naissantes constatees dans nos tubes.
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On retrouve, en effet, dans le spectre du soleil levant on coachant, lea

l}andes que nons avons decrites, et quand Tastre est a I’horizon, et snrtout

qnand il est an-dessons, plnsienrs de ces bandes acquierent nne extreme
intensity. i-

• Le spectre solaire en pr^sente d’autres qui appartiennent 4ga1ement a

Toxygene, mais la pr4sente etude ne porte que sur les trois bandes dent
nons avons parl6 et dont la consideration est suffisante pour asseoir

la loi.

Puisque Tatmosphere dans des circonstauces favorables pent donner
naissance au pbenomcne dont nous cbercbons la loi, nous devons la faire

pour en obtenir une nouvelle confirmation—confirmation qui sera pre-

cieuse parce qu*elle regarde les basses prfcssions, depuis la densite nulle

jusqu’a un cinquieme d’atmospbere environ.

Dans ce but nous avons institue une serie d’observations du spectre

solaire soit par I’examen optique, soit par la pbotographie.

Ces etudes ont ete poursuivies a Meudon, aux Alpes, et a I’observatoire

du Pic du Midi.

La bande du rouge et celle du jaune pres de D sont deja nettement
'visibles quand le soleil est a plusieurs degres au-dessus de Thorizon. Celle

dubleu pres de Pdemande une epaisseur atmospherique travers4ebeaucoup

plus grande. Je Tai obtenue pbotograpbiquement et assez forte au Pic du
Midi avec le soleil abaisse d*un a deux degres au-dessous de l*horizon.

Pour la verification precise de la loi il faut calculer d’abord par une
formule generale les actions subies d’apres cetto loi par un rayon lumineux
qui traverse I’atmospbere suivant une direction determinee, et chercher

ensuite quel angle le rayon doit faire avec la verticale pour subir une
«.ction equivalente a celle, par exemple, du tube de 60 metres charge

d’oxygene a 6 atmospheres, lequel donne, comme on sait, la bande de D
naissante.

Cette hauteur du soleil determinee, il faut obtenir une serie de spectres

solaires comparables ^ ceux des tubes et correspondant a des hauteurs

progressives et determinees du soleil, et dans cette serie chercher la

hauteur pour laquelle la bande en question est evanouissante.

Cette recherche a 4te faite, mais les calculs ne sont pas encore ter-

.inin6s
;
nous pouvons dire seulement que la loi y trouve une nouvelle

confirmation.

Mais cette loi a re9u dernierement une confirmation inattendue d’une

experience sur Toxygene liquide de M. Olszewski, si cette experience est

exacte. M. Olszewski, en liquefiant Toxygene, a annonce qu*il avait constate

la presence des bandes dont j’ai annonce Texistence avec une epaisseur

“de liquide de 7 millimetres environ. Or, si nous admettons, comme on le

fait generalement, pour la densite de Toxygene liquide une densite tr^s

'voisine de celle de I’eau, nous trouverons que cette densite serait 695 fois

plus grande que celle de Toxygene k la densite correspondante a une
atmosphere.

On a en consequence

:

60x6® = ®. 695*

wa= 60.6*= 0°^- 0045;

695*

c*est-&-dire, que la bande de D serait naissante pour nne epaisseur de
4'6*““ d’oxygene gazeux ayant cette densite.

.
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Or, si la bande est naissante pour elle dbit accusee pour
et c’est ce que M. Olszewski annouce avoir trouvb.

llans ce travail nous avons parle seulement de la bande pres de D,
mais la loi en question se verifie bgalen^ent pour les bandes dn rouge et

du bl^u que nous avons considerbes

Ainsi cette loi se trouve actuellemenfc verifiee depuis une density nulle

de Toxygbne jusqu’a celle qui egale eelle de Feau, c’est>^>dire, entre les

terrries les plus extremes qu’on puisse considerer.

Le groupe de la raie B qui se resout en raies paridt suivre, au contraire,

la loi generale de la proportionnalite du produifc de I’epaisseur traversb

par la densite.

Nous nous eu sommes assures jusqu’a 100 atmospheres.
II convient de faire remarquer les horizons que cette loi nouvelle du

carre ouvre en analyse spectrale et eu mecanique molbcnlaire. Pour
nous elle ne represente que le debut des etudes qui auront pour objet

la constitution moleculaire des corps par les actions que ces corps exer-

cent sur la lumiere quand on les soumet a Taction de forces variees.

Pour Toxygene notamment elle nous fait soup9onner que la constitu-

tion moleculaire de ce corps n’est pas simple et qu’il y a lieu de faire

de nouvelles recherches a cet egard.
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TEMSACTIONS OF THE SECTIONS.

Section A.—MATHEMATICAL AUD PHYSICAL SCIENCE.

PRESID^T OP THE SECTION—Professor G. F. Fitzgerald, M.A., P.R.S.

THURSDA Y, SEPTEMBER 6.

The President delivered the following Address :

—

The British Association in Bath, and especially we here in Section A, have to
deplore a very great loss. We confidehtly anticipated profit and pleasure from the

presence in this chair of one of the leading spirits of English science, Dr. Schuster.

We deplore the loss and we deplore the cause of it. .It is always sad when want
of strength makes the independent dependent, and it is doubly sad when a life’s

work is thereby delayed
;
and to selfish humanity it is trebly sad when, as in this

case, we ourselves are involved in the loss. And our loss is great. Dr. Schuster

has been investigating some very important questions. He has been studying elec-

tric discharges in gases, and he has been investigating the probably allied question

of the variations of terrestrial magnetism. We anticipated bis matured pronounce-
ments upon these subjects, and also the advantage oi his very wide general infor-

mation upon physical questions, and the benefit of his judicial mind while presiding

here.

As to myself, his substitute, I cannot express how much gratified I feel at the
distinguished honour done me in asking me to preside. It has been one of the
ambitions of my life to be worthy of it, and 1 will do my best to deserve your
confidence

;
man can do no more, and upon such a subject ‘ the less said the soonest

mended.’
I suppose most former occupants of this chair have looked over the addresses of

their predecessors to see what sort of a thing was expected from them. I find that

very few had the courage to deliver no address. Most have devoted themselves to*

broad general questions, such as the relations of mathematics to physics, or more
generally deductive to inductive science. On the other hand, several have dealt

each with his own speciality. On looking back over these addresses my attention

was specially arrested by the first two past presidents of this section, whose bodily

presence we cannot have here. They were presidents of Section A in consecutive*

years. In 1874 Provost Jellett occupied this chair, and in 1875 Professor Balfour

Stewart occupied it. Both have gone from us since the last meeting ofthis Associa*

tion. Each gave a characteristic address. The Provost, with the clearness and

brilliancy that distinguished his great intellect, plunged through the deep and
broad questions surrounding the mechanism of the universe, and with impassioned

earnestness claimed on behalf of science the right to prosecute its investigations

until it atcains, if it ever does attain, to a mechanical explanation of all things.

This intrepid honesty to cany to their utmost the principles of whose truth he was
convinced, the utter abhorrence of the shadow of double dealing with truth, was
eminently characteristic of one whom all, but especially we of Trinity College,.
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Dublin, will long miss as a lofty example of the highest inteil^iNM keenness and
honesty, and mourn as the truest*hearted friend, full of sympathy and Christian

charity. In 1875 Professor Stewart gave us a striking example of the other class

of address in a splendid exposition of the subject he did so much to advance,

namely, solar physics. He brought together from the two great storehouses of his

information and speculation a brilliant store, and displayed them here for the

advancement of science. Himy too, all science mourns. Though, from want of

personal acquaintance, I am unequal to the task of bringing before you his many
abilities and great character, you can each compose a fitting epitaph for this well-

known great one of British science. In this connection I am only expressing what
we all feel when I say how well timed was the royal bounty recently extended to his

widow. At the same time the niggardly recognition of science by the public is a dis-

grace to the enlightenment of the nineteenth century. What chancellor or general

with his tens of thousands has done j^hat for bis country and mankind that Faraday,

Darwin, and Pasteur have done P The ‘ public ’ now are but the children of those

who murdered Socrates, tolerated the persecution of Galileo, ^nd deserted

Columbus.
In a presidential address on the borderlands of the known delivered from this

•chair the great Clerk Maxwell spoke of as an undecided question whether electro-

magnetic phenomena are due to a direct action at a distance or are due to the

action of an intervening medium. The year 1888 will be ever memorable as the

year in which this great question has been experimentally decided by Hertz in

Clermany and, I hope, by others in England. It has been decided in favour of the

hypothesis that these actions take place by means of an intervening medium,
^though there is nothing new about the question, and although most workers at

it have long been practically satisfied that electro-magnetic actions are due
to an intervening medium, I have thought it worth while to try and explain to

others who may not have considered the problem what the problem is and bow it

has been solved. A presidential address such as this is not for specialists
;
it is for

the whole section
;
and I would not have thought of dealing with this subject

only that its immediate consequences reach to all the bounds of physical science,

and are of interest to all its students.

VVe are all familiar with this, that when we do not know all about something

there are generally a variety of explanations of what we do know. Whether there

is anything of which there are in reality a variety of explanations is a deep ques-

tion which some have connected with the Freedom of the Will, but which 1 am
not concerned with here. A notable example of the possibfiity of a variety of

explanations for us is recorded in connection with an incident said to have occurred in

the neighbouring town of Clifton, where a remarkable meteorological phenomenon,
as it appeared to an observing scientist, was explained by others as a buirs-eye

lantern in the hands of Mr. Pickwick. Another kind of example is the old explana-
tion of water rising in a pump, that ^ Nature abhors a vacuum,’ as compared with
the modern one. Nowadays, when we know as little about anything, we say, ^ It

is the property of electricity to attract.’ This is really little or no advance on the

old form, and is merely a way of stating that we know a fact but not its

•explanation. There are plenty of cases still where a variety of explanations

is possible. For example, we know of no experimentum crucis to decide

whether the people I see around me are conscious or are only automata. There
are other questions which have existed, but which have l^n experimentally

decided. The most celebrated of these are the questions between the caloric

and kinetic theories of heat, and between the emission and undulatory theories

•of light. The classical experiments by which the case has been decided

in favour of the kinetic theory of heat and the undulatory theory of light

are some ofthe most important experiments that have ever been performed. When
it was shown that heat disappeared whenever work appeared, and vice versdf and .

so the caloric hypothesis was disproved
;
when it was shown that light was pro-

pagated more slowly in a dense medium than in a rare, the sciences of light and
neat were revolutionised. Not but that most who studied the subject had
given their adhesion to ' the true theory before it was finally decided in



TRANSACTIONS OF SECTION A. 559

general estimation. In fact, Rumford and Davy’s experiments on heat, and
Young and Fresnell’s experiments on light had really decided these questions long
before the erroneous views were finally abandoned. I hope that science v'ill not
be w slow in accepting the results of experiment in respect ofelectro-magnetism
as it was in the cMe of light and heat. Rowland’s experiment proving an
electro-magnetic ^tion between electric charges depending ^n their absolute and
not relative velocities has already proved the existence of a medium relative to
which the motion must take place, hut the connection is rather metaphysical and
is too indirect to attract general attention. The importance of the striking ex-
periments was that they put the language of the wrong hypothesis out of fashion.

Rlementary text-books that halted between two opinions, and, after the manner
of text-books, leant towards that enunciated in preceding text-books, had all

perforce to give prominence to the teue theory, and the whole rising generation
began their researches from a firm and true standpoint. I anticipate the same
results to follow Hertz’s experimental demonstration of a medium by which
electro-magnetic actions are produced. Text-books which have gradually been
invoking lines of force, in some respects to the aid of learners and in others to

their bewilderment, will now fearlessly discourse of the stresses in the ether that

cause electric and magnetic force. The younger generation will see clearly in

electro-magnetic phenomena the working of the all-pervading ether, and this will

give them a firm and true standpoint for further advances.

And now I want to spend a short time in, explaining to you how the question

has been decided. An illustrative example may make the question itself clearer,

and so lead you to understand the answer better. In colloquial language we say

that balloons, hot air, &c., rise because they are light. In old times this was
stated more explicitly, and therefore much more clearly. It was said that they

possessed a quality called * levity.’ * Levity ’ was opposed to ‘ heaviness.’ Heavi*

ness madd things tend downwards, levity made things tend upwards. It was a

sort of action at a distance. At least it would have required such a hypothesis if

it had survived until it was known that heaviness was due to the action of the

earth. I expect levity would have been attributed to the direct action of heaven.

It WAS comparatively recently in the history of mankind that the rising of hot air,

fiames, &c., was attributed to the air. Everybody knew that there was air, but it

was not supposed that the upward motion of flames was due to it. AVe now
know that this and the rising of balloons are due to the difierence of pressure at

difierent levels in the air. In a similar way we have long known that there is

an ether, an all-pervading medium, occupying all known space. Its existence is

a necessary consequence of the undulatory theory of light. People who think a little

but not much sometimes ask me, * Why do you believe in the ether ? What’s the

good of it P ’ 1 ask them, * What becomes of light for the eight minutes aftqr it

has left the sun and before it reaches the earth When they consider that they

observe how necessary the ether is. If light took no time to come from the sun

there would be no need of the ether. That it is a vibratory phenomenon, that it is

affected by matter it acts through—these could be explained by action at a distance

very well. The phenomena of interference would, however, require such compli-

cated and curious laws of action at a distance as practically to put such a hypothesis

out ofcourt, or else be purely mathematical expressions for wave-propagation. In

fact, anything except propagation in time is explicable by action at a distance. It

is the same in the case of electro-magnetic actions. There were two hypotheses

as to the causes of electro-magnetic actions. One attributed electric attraction

to a property of a thing called electricity, to attract at a distance, the other

attributed it to a pull exerted by means of the ether, somewhat in the

vray that air pushes balloons up. We do not know what the structure of

the ether is by means ofwhich it can pull, but neither do we know whatthe structure

of a piece of indiarubber is by means of which it can pull, and we might as well

ignore the indiarubber, though we know a lot about the laws of its action, because

we do not know its structure, as to ignore the ether because we do not know its

structure. Anyway, what was wanted was an experiment to decide between the

hypothesis of direct action at a distance and of action by means of a» medium.
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At the time that Clerk Maxwell delivered his address nq ex^eiijpent was knowa
that could decide between the two hypotheses. Sj^ciiic inductive capacity, the
action of intervening matter, the delay in telegraphing, the time propagation of
electro-magnetic actions by means of conducting material—these were known, biit

he knew that they could be explained by means of action at a distance, and had
been so explained. Waves in a conductor do not necessarily postulate action

through a medium such as the ether. When we are dealing with a conductor and
a thing called electricity running over its surface, we are, of course, postulating

a medium on or in the conductor, but not outside it, which is the special point at

issue. Clerk Maxwell that just as the same air that transmits sound is

able by diiierences of pressure

—

i.e,, by means of its energy per unit volume—to

move bodies immersed in it, so the same ether that transmits light causes electri-

lied bodies to move by means of its energy per unit volume. He believed this,,

but there was no experiment known then to decide between this hypothesis and
that of direct action at a distance. As I have endeavoured to impress upon you, no
experimentwn cirucis between the hypotheses is possible except an experiment proving
propagation in time either directly, or indirectly by an experiment exhibiting

phenomena like those of the interference of light. A theorist may speak of pro-
pagation of actions in time without talking of a medium. This is all very well in

mathematical formulae, but, as in the case of light, we must consider what becomes
of it after it has left the sun and before it reaches the earth, so every hypothesia
assuming action ij time really postulates a medium' whether we talk about it or
not. There are some diiiiculties surrounding the complete interpretation of some of
Hertz’s experiments. The conditions are complicated, but I confidently expect that

they will lead to a decision on most of the outstanding questions on the theory of
electro-magnetic action. However, there is no doubt that he has observed the-

interference of electro-magnetic waves quite analogous
^
to those of light, and

that he has proved that electro-magnetic actions are propagated in air with
the velocity of light. By a beautiful device Hertz has produced rapidly'

alternating currents of such frequency that their wave-length is only £^ut
t^ metres. I may pause for a minute to call your attention to wbat that

means. These waves are propagated three hundred thousand kilometres in.

H second. If they vibrated three hundred thousand times a second the waves would
be each a kilometre long. This rate of vibration is much higher than the highest

audible note, and yet the waves are much too long to be manageable. We want a
vibration about a thousand times as fast again with waves about a metre long.

Hertz produced such vibrations, vibrating more than a hundred million times a
second. That is, there are as many vibrations in one second as there are seconds

—

in a day ? No, far more. In a w^ek ? No, more even than that. The pendulum
of a clock ticking seconds would have to vibrate for four months before it would
vibrate as often as one of Hirtz’s vibrators vibrates in one second. And
how did he detect the vibrations and their interference ? He could not see
them ; they are much too slow for that

;
they should go about a million

times as fast again to be visible. He could not hear them ;
they are much

too quick for that. If they went a million times more slOwly they would be well
heard. He made use of the principle of resonance. You all understand how by a
succession of well-timed small impulses a large vibration may be set up. * It ex-
plains many things, from speech to spectrum analysis. It is related that a former
Marquess of Waterford used the principle to overturn lamp-posts ;

his ambition
soared above knocker-wrenching. So that it is a principle known to oihera
besides scientilic men. Hertz constructed a circuit whose period of vibration for

electric currents was the same as that of bis generating vibrator, and he was able

to see sparks, due to the induced vibration, leaping across a small air-space in thin

resonant circuit. The well-timed electrical impulses broke down the air-resistance

just as those of my Lord of Waterford broke down the lamp-post. The combina-
tion of a vibrating generating circuit with a resonant-receiving circuit is one
that 1 spoke of at the meeting of the British Association at Southport as one
by which this very question might be studied. At the time I did not see any.

feasible Way of detecting the induced resonance
;
I did not anticipate that it could
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produce sparbs. By its means, however, Hertz has been able to observe the inter-

rerence between waves incident on a wall and the reflected waves. He placed his

generating vibrator several wave-lengths away from a wall, and placed the re-

ceiving resonant circuit between the generator and the wall, and in this air-space

he was able to observe that at some points there were hardly any induced sparbs,

but at other and greater distances from his generator they reappeared to disappear

again in regular succession at equal intervals between his generator and the wall.

It is exactly the same phenomenon as what are bnown as Lloyd’s bands in optics,

which are due to the interference between a direct and a reflected wave. It follows

hence that, just as Young’s and Fresnell’s researches on the Interference of Light
prove the undulatory theory of optics, so Hertz’s experiment proves the ethereal

theory of electro-magnetism. It is a splendid result. Henceforth I hope no
learner will fail to be impressed with the theory—hypothesis no longer—that electro-

magnetic actions are due to a medium pervading^ all bnown space, and that it is

the same medium as the one by which light is propagated, that non-conductors
can, and probably always do, as Professor Poynting has taught us, transmit electro-

magnetic energy. By means of variable currents energy is propagated into space
with the velocity of light. The rotation of the earth is being slowly stopped by
the diurnal rotation of its magnetic poles. This seems a hopeful direction in

which to loob for an explanation of the secular precession of terrestrial mag-
netism. It is quite different from Edlund’s curious hypothesis that free space

is a perfect conductor. If this were true, there would be a pair of g^eat

antipoles outside the air, and terrestrial magnetism would not be much libe

what it is, and I thinb the earth would have stopped rotating long ago. With
alternating currents we do propagate energy through non-conductors. It seems
almost as if our future telegraph cables would be pipes. Just as the long sound
waves in speabing tubes go round comers, so these electro-magnetic waves go round
comers if they are not too sharp. Professor Lodge will probably have something
to tell us on this point in connection avith lightning conductors. The silvered glass-

bars used by surgeons to conduct light are exactly what I am describing. They
are a glass, a non-conducting, and therefore transparent, bar surrounded by a con-
ducting, and therefore opaque, silver sheath, and they transmit the rapidly alter-

nating currents we call light. There would not be the same difficulty in utilising the
energy of these electro-magnetic waves as in utilising radiant heat. Having all

the vibrations of the same period we might utilise Hertz’s resonating circuits, and'

in any case the second law of thermodynamics would not trouble us when we^
could practically attain to the absolute zero of these, as compared with heat, long
period vibrations.

We seem to be approaching a theory as to the structure of the ether. There
are difficulties from mffusion in the'simple theory that it is a fluid full of motion, a.

sort of vortex sponge. There were similar difficulties in the wave theory of light

owing to wave propagation round comers, and there is as great a difficulty in the
jelly theory of the ether arising from the freedom of motion of matter through it.

It may be found tliat there is diffusion or it may be found that there are polarised'

distriburions of fluid binetic energy which are not unstable when the surfaces are
flxed

;
more than one such is bnown. Osborne Beynolds has pointed out another,

though in my opinion less hopeful, direction in which to loob for a theory of the
ether. <|Hard particles are abominations. Perhaps the impenetrability of a vortex
would suffice. Oliver Lodge speabs confidently of a sort of chemical union of two
opposite binds of elements forming the ether. The opposite sides of a vortex ring
might perchance suit, or maybe the ether, after all, is but an atmosphere of some
infra-hydrogen element : these two latter hypotheses may both come to the same
thing. Anyway we are learning daily what sort of properties the ether must have.
It must be the means of propagation of light ; it must be the means by which
electric and magnetic forces exist; it should explain chemical actions and, if

possible, gravity.

On the vortex-sponge theory of the ether there is no real difficulty by reason of
complexity why it should not explain chemical actions. In fact, there is every
reason to expect that very much more complex actions would tabe place at distances

1888.
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comparaUe with the size of the Tortices than at the diatan^es'ut which we study

the aimple phenomena of electro-magnetism. Indeed, if voitices can make a smaU
piece of a strong elastic solid we can make watches and build steam ennnes and
any amount of complex machinery, so that complexity can be no essential difficulty.

Similarly the instantaneous propagation of gravity, it exists, is not an essential

difficulty, for vortices each occupy all space, and they act on one another simul-

taneouiuy everywhere. The theory that material atoms are simple vortex rings in a
perfect liquid otherwise unmoving is insufficient, but with the innumerable possi-

bilities m fluid motion it seems almost impopble but that an explanation of the

properties of the universe will be found in this conception. Anytning purporting

to be an explanation founded on such ideas as * an inherent property of matter to

attract,’ or building up big elastic solids out of little ones, is not of the nature of an
ultimate explanation at all

;
it can only be a temporary stopping-place. There are

metaphysical grounds, too, for rddudng matter to motion and potential to kinetic

energy.

These ideas are not new, but it is well to enunciate them from time to time, and
a presidential address in Section A is a iitting time. Besides all this it has become
the fashion to indulge in quaint cosmical theories and to dilate upon them before

learned societies and in learned journals. I would suggest, as one who has been

bogged in this quagmire, that a successor in this chair might well devote himself to

a review of the cosmical theories propounded within the last few years. The
opportunities for piquant criticism would be splendid.

Returning to the sure ground of experimental research let us for a moment con-

template what is betokened by this theory that in electro-magnetic engineswe are

using as our mechanism the ether, the medium that fills all known space. It was
a great step in human progress when man learnt to make material machines, when
he used the elasticity of his bow and the rigidity of his'arrow to provide food and
defeat his enemies. It was a great advance when hd learnt to use the chemical

action of fire
;
when he learnt to use water to ^oat his boats and air to drive them

;

when he used artificial selection to provide himself with food and domestic

animals. For two hundred years he has made heat his slave to drive his machinery.

Fire, waj^r, earth, and air have long been his slaves, but it is only within the last

few years that man has won the battle lost by the giants of old, has snatched the
thunderbolt from Jove himself and enslaved the all-pervading ether.

The following Report and Papers were read ;

—

1.

Fourth Report of the Oommittee for promoting Tidal Observations

in Canada.—See Reports, p. 27.

2.

On the Behaviour of Water under great Provocation from^Seat.
By Professor W. Ramsit, F.B.8.

3.

On the Proof of the Logarithmic Law of Atomic Weights.
By Dr. G. Johnstone Stonet, F.B.8.

4.

On the Oscillations of a Rotating Liquid 8pher(nd and the Genesis of the

Moon. By A. E. H. Love, B A,

Riemann’s investigations'of the motion of a liquid ellipsoid* contain the con-
dition of stability of the form of steady motion, usually referred to as * Maclaurin’s

spheroid,’ when the liquid is perfectly inviscid. The equation for the critical value
of the eccentricity of the spheroid is

—

e (3 + 4e*) VW’-(3 + 2e»-4e4)

* Ahh. Kon. Ges. WUs. Gottingen, 1860.
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oir, taking the notation of Thomson and Tait, in which (1 + «*) »1, the
critical value of f is nearly e^al to ST4. If / be greater than this value, the
motion is unstable. Also M. Poincard ^ has proved the statement of Thomson and
Tsit that the motion is secularly unstable for any degree of viscosity, howeveir
small, when/exceeds 1*39457, and he has shown that it is thoroughly stable for

all displacements when/is less thtn this value.

In this paper Riemann’s equations of motion are applied to find the small
oscillations of a perfectly inviscid spheroidal mass of liquid, rotating as if i^gid

about its polar axis, whose direction is fixed in space, the displacement contem-
plated being of such a kind that the bounding surface remains ellipsoidal. It appears
that there are tWo periods of oscillation, viz.: ifnl2n be the frequency,we have either

- 167ryp/(3 +/*) - 2«*(3 + 8/« +/")/(3/» +/")»

or ««-24,rvp(l+/‘)/(3+/>)-«)Hl+/®)(S7+18/»-/‘)/(3 +/>)»,

where p is the density of the wheroid, q> the angular velocity, and y the constant
of gravitation. In these o) and/are connected by the condition of steady motion,
viz. :

—

(3 +/’)to«-y-/(3 + ®y«/2nyp).

These values of n vary very little for different small values of a>, so that for a
spheroid rotating in any period longer than about three hours the period vajries

very nearly inversely as the square root of the density.

The determination of these periods of oscillation has an important bearing on
the question of the origin of the moon. Professor Darwin in his paper on the
* Precession of a Viscous Spheroid and the Remote History of the Earth ’ * saw
reason to reject Laplace’s hypothesis that the moon separated from the earth as a
ring because the angular velocity was too great for stability. In the light of
Riemanu’s and Poincare’s researches, above referred to, it is clear that, when the
density is not less than 3, and the period of rotation longer than three hours,
the motion is certainly stable. According to Professor Darwin, the period of
rotation of the earth-moon system when th^e two bodies formed a single rotating
mass may be estimated at something between two and six hours (more probably
between two and four hours),’ so that, even allowing for continued contraction of
the two cooling bodies, and remembering that the present mean density of the
moon is about 3*7, it seems highly improbable that Laplace’s hypothesis as to
instability can be correct. Proiessor Darwin suggested as one alternative that
pussibly the spheroid might have a period of free oscillation not far removed from
the semi-diurnal tidal peridd, in which case the sol^ tides would be of enormous
height, and we should not then have to make additional demands on the lapse of
time with a view to the consolidation of the ring>moon into one body.

Now it is shown in thb paper that with a density of 5*67 the longer period is

very nearly equal to hours, while with .a density^ of 3 this period is very
nearly equal to two hours, whatever the rate of rotation may be, provided that
it is not faster than once in three hours

; so that, if the period of rotation ever
came to be between three and four hours, the density may easily have been such
as to m^e the period of free oscillation very nearly identical with that of the
semi-diurnal solar tides. Thus the possibility of Professor Darwin’s guess is

confirmed.

5. Waves in a Viscous Liquid.^ * By A. B. Basset, M,A,

The propagation of waves in a viscous liquid was first considered bv Professor

Stokes,’ who showed that when the viscosity is sn^all, and the depth of the liquid

V Aota Mathematical vii. 1885. * PhU, Trans. 1879.
® * On the Secular Changes in the Elements of the Orbit of a Satellite,’ § 22,

Phil, Trans. 1880.
* The original paper is published in the author’s treatise on Hydro^dynamieStYol..

ii. 519-623.
Trans. Camh, Phil. Soo. vol. ix.

0 0 2
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so great that it may be treated as infinite, the motion is represented by a harmonic

fiumtion whose amplitude diminishes as the time increases. Professor Stokes* result

was obtmned by means of the dissimtion function
;
and the object of the present

paper is to solve the problem by a direct process, which possesses the advantage

of lumishing a result which is applicable to highly viscous as well as to slighttv

viscous liquids, and also to solve the same problem when the depth of the liquid is

finite.

In order to solve the problem of deep sea waves we must find a solution, repre-

senting wave motion, of the equation

(1)

where yjr is Eamshaw’s current function, and which also satisfies the ^editions
that the tangential and normal ijtresses at the free surface are zero. iRasuring
the axis of a: in the direction of propagation of the waves, we assume that .r and t

enter in the form of the exponential factor and the principal object of the
investigation is to find the equation for determining A. This equation is

+ + -4mVa«0 . . , . (2)

where a^ = 7n^ + kjv (8)

When p is small, as in the case of water,

A;= —2mV±->/(4mV—^m) . . . . (4)

= ~ 2m^p ±in . (6)

approximately, where n’ = ;
which represents a train of waves whose velocity of

propagation is slightly less than (grX/27r)i, and whose modulus of decay is X*/8ir*v,

where X is the wave length.

If, however, p is large, we shall obtain

kjv— -IV? ...... (6)

approximately, which shows that the value of k is real and negative
;
hence the

motion is non-periodic, and rapidly subsides.

When the depth of the liquid is finite and equal to hy the equation for ^ is a
rather complicated transcendental one, which is expressible in the form of a
determinant of four rows. If, however, p is small, it is reducible to a quadratic
whoso roots are

k=: —2m^p ±^(nig imh mhy , . , , (7)

which is the approximate solution of the problem.

This represents a train of waves whose velocity of propagation is

{ffK/2ir . tanh 27rA/X)*,
*

and whose modulus of decay is X^jSrr^p,

6. On a Hydrostatic Balance? By J. Jolt, AT.id., BH.

7. On the Meldometer. By J. Jolt, M,A,y B,H,

This is an apparatus enabling mineralogists to compare the melting-points of
minerals and obmrve their behaviour at very high temperatures. It is applicable

for dealing with very small quantities of bodies. The apparatus consists essentially

of a ribbon of thin platinum, about 4 cm. long by 3 mm. wide, (Ramped in two
forceps with attached binding screws, so that a current from a small storage cell^

or two or three Grove’s cells, may be passed through it. The apparatus rests on
the stage of the microscope, the fragments of mineral being laid on the platinum
strip and observed with a one-inch objective. A resistance, of simple construction,

which can be set to automatically diminish or increase at any desired rate is placed

^ An account of this apparatus appears in the Philosophical Magazine for

September 1888n^. 26.
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io circuit. As this resistance diminishes the temperature of the strip rises, so that
the operator may confine his attention to the observation of the bodies on the
platinum hob, while they are bein^ exposed to a temperature nadually inci’easing^

up to that of the melting-point of platinum. Quartz is melted by this apparatus,
fmd orthoclase caused to boil. Many substances are decomposed displaying
characteristic phenoinena. It reveals that the order of melting-points set forth
in von Kohell’s scale is incorrect.

Another form of the apparatus, not yet completed, will permit, it is hoped, of
an approximate estimation of the temperature of the platinum hob at any moment.

8. Electro-calorimetry. By Professor William Steoud, B.A., D.8e.f
and W. W. Haldane Qee, B.Sc,

During the year experiments have been continued both at Owens College, Man-
chester, and Yorkshire College, Leeds, with the null method described at the last

British Association meeting. Important inmrovements have been efiected in the
details of the method and apparatus used. The calorimeters are now made in the
forni of barrels closed by screw plugs which effectually prevent leakage and loss by
evaporation. For agitation of the contents of the calorimeters paddles and plungers

worked by electro-motor or clockwork have been entirely discarded in favour of
the simple method of rocking or shaking by hand the calorimeters themselves.* For
the heating coils platinoid wire has been found the best, each coil being formed of
a number of strands of fine wire well insulated by silk and paraffin. Experiments
made with the bolometer have shown that, compared with the thermo-pile, it is

greatly inferior to the latter for the purpose of ascertaining the equality of tempera-
ture of the calorimeters. A number of determinations have been made which con-
firm the accuracy of the method.

9 . On Figures produced hy Electric Action on Photographic Dry Plates.^

By J. Brown.

A rapid bromide photographic dry plate is laid film side up on a sheet of metal
in connection with one terminal of a good induction coil.

^
A wire from the other

terminal is brought down on the centre of the film. A single discharge from the

coil is ^ven, and the plate developed in the usual way.
If the wire touching the film be the negative pole, a beautiful figure with

branches carrying palm-like fronds is produced ;
if positive a number of irregular

branches of a quite different character accompanied% a quantity of light radiating

irregular tracery extending beyond the darker branches.

If the discharge take place with the two poles of the coil touching the uncoated

side of the plate, other figures are produced oy the electricity induced on the film,

the positive and negative differing noth from each other, and from those given as

described above by the discharge on the film.

If a coating of tinfoil be placed on each side of the ]^late, after the manner of a
Franklin’s pane, that on the film having letters cut out like a stencil plate, the result

after electrification of the foils and development is a dark irr^ular marking round

the edge of the stencil plate foil on the film, including the edges of the cut-out

K
urts, apparently produced by a discharge from the edge, together with irregular

otcbiogs, apparently corresponding to wrinkles in the foil. ' If a piece of gutta-

percha &sue be placed between the foil and the film, the effect is much the same.

If four thicknesses intervene there is only irregular blotching without any appear-

ance of the outline of the letters cut in the foU.

These last effects, together with some peculiarities of the figures produced by
the discharge on the film itself, impear to show that the figures are produced,

partly at least, by a direct action of the electricity on the film without the inter-

vention of light or purely photo-chemical causes as usually understood. Further

* Phil. Mag, Dec. 1688.
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investigation may show that we have here a new kind of exj^erimental evidence on

the relations of electricity and light.

10. Coinpo/rtson of Oct88ner*8 JDry C6ll8 with Ijecl(inch6*8.

By Wm. Lant Cabpentbb.

Two Gajsener’s cells were examined, the round form having an E.M.P.^ of

1-317* and an internal resistance of 0*206 ", the measurements of flat form being

1*62* and 0*700". The E.M.F.’s were measured by Law's condenser method, and

the internal resistance by Kempe’s method, the shunt employed being 1"

.

The resistance of a ringing hell, measured by the reproduced deflection method,

was found to he 20" . The two dry cells and a No. 2 size Leclanch6 were separately

circuited for 168 hours through ^0"
,
and observations of the potential differences

were made at frequent intervals. Similar observations were made during the

recovery from the polarisation thus produced, and the results were plotted in

curves, which were exhibited. The round dry cell was circuited through 3" for

6^ hours, the potential diflerences and internal resistances being measured at inter-

vals so that the current might be calculated.

From the results obtained it appeared that the round form of dry cell polarised

less than a No. 2 Leclancb^, but took lonpr to recover when the circuit was
opened, and its internal resistance was considerably lower, but that the flat form

polarised in most cases more than a No. 2 Leclanch^, and had the same internal

resistance.

11. On the Intensity of Magnetisation of soft Iron Bars of various lengths

in a uniform Magnetic Field, By A. Tanakadat:^.

Experiments were made on bars for which the ratio of length to dianaeter

varied from 13 to 32 ;
the bars were subjected to different strengths of magnetising

fields, and the magnetic moments thereby acquired were measured, the mean
intensity ofmagnetisation being then calculated. The results agreed with those of

Professor Ewing on bars, for which the above ratio varied from 50 to 300.

Mention is made also of some experiments by the author in 1883 wherein a

magnetic field of constant strength was used to act on a mass of iron that was
varied by steps. The mass consisted of iron wires, which were varied in number,

With a field of 46 O.G.S. units the magnetometer deflection wm sensibly propor-

tional to the number of wires up to 10 ;
as the number of wires was increased

the ratio of deflection to number diminished, the maximum deflection practically

occurring with 25 wires, no greater deflection occurring with 41 wires. When
the wires numbered more than 10, some of them would be thrown out of the

bundle, requiring pressure to keep them in the solenoid, though the whole bundle

could with care be so placed that no wire would jump out. Each wire was obvi-

ously in an unstable state of equilibrium, being under the action of opposed forces,

one from the solenoid tending to throw it out, and the other from its fellow wires

tending to eject it.

FRIDAY, SEPTEMBER 7.

The following Papers wore read :

—

1. Recent Progress in the Use of Concave Qratings for Spectrum Analysis,

By Professor H. A. Rowland.

2. Is the. Velocity of Bight in an Flectrolytic Liquid influenced hy an BUctrie

Current in the direction of propagation ? By Lord Rayleigh, LL,I).f

Bee, jB.B.—See Reports, p. 341.
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0» the Measure?nent of the Length of Electro^magnetie Waves.
By Professor Olivisb J. Lodge, F.B.S.

^
The author has been endeavouring to manufacture light by direct electric action

without the intervention of heat, utilising for the j[)urpose Maxwell’s thedli^ that

light is really an electric disturbance or vibration.

The means adopted is the oscillatory discharge of a Leyden jar whose rate of

vibration has been made as high as 100 million complete vibrations per second.

The waves so obtained are about three yards long, and are essentially light in

every particular except that they are unable to affect the retina. To do this they
must be shortened to the hundrra-thousandth of an inch. All that has yet been
accomplished, therefore, is the artificial production of direct electrical radiation

differing in no respect from the waves of light except in the one matter of length.

The electrical waves travel through space with the same speed as light, and are

refracted and absorbed by material substances according to the same laws. It

only wants to be able to generate waves of any desired length in order to entirely

revolutionise our present best systems of obtaining artificial light by help of steam
engines and dynamos, which is a most wasteful and empirical process.

The author measures the waves by converting them into stationary ones by
the interference of direct jand reflected pulses , at the free ends of a long pair of

wires attached as appendages to a discharging Leyden-jar circuit. The circuit

and its appendages are adjusted till a recoil mck observed at the far end of the

wires is a maximam, and the length of each resonant wire is then taken to be half

a wave-length. The length so measured agrees with theory.

4.

On the Impedance of Conductors to Leydenfar Discharges.

By Professor Oliver J. Lodge, F.B.S.

In the course of a series of experiments on the theory of lightning-conductors

the author had devised an arrangement for testing the electromotive force necessary

for sending a given discharge through a given conductor, and thus for comparing

the obstruction or impedance which various conductors offered to such discharges.

The results were compared with the general theory of Clerk Maxwell and Lord
Eayleigh, and were such as entirely to confirm that theory, although at first sight

they were paradoxical and surprising.

The apparent resistance was some hundred thousand times greater than would
have been obtained for steady currents

;
and for very high frequencies of alternates,

say over a million per second, it was almost independent of the diameter and quite

independent of the material of the rod used. In fact, the ordinary laws of conduc-
tion fail utterly and a new condition of things obtains.

Iron carries off Leyden-jar discharges quite as well as copper, and apparently

in some cases even better. All but this last anomaly are susceptible of complete

explanation in the light of the theory of Maxwell and Lord Rayleigh and Mr.

Oliver Heaviside, and the experiments verify that theory.

5.

A simple hypothesis for Electro-magnetio Induction of incomplete circuits^

with consequent equations ofElectric Motion infixed homogeneous or hetero->

geneous solid matter. By Professor Sir Willum Thomson, LL.D.f F.B.8.

1. To avoid mathematical formulas till needed for calculation consider three

cases of liquid^ motion, which for brevity I call Primary, Secondary, Tertiary, defined

as follows : Half the velocity in the S^ondary agrees numerically and dir^tionally

with the magnitude and axis of the molecmar epin at the^ corresponding point

of the Primary
;
or (short, but complete atatementVMs velocity in the Secondary is

twice the spin in fhe^mary) and (similarly) hdlj tlse veheity in the Tertiary is

tlw spin Samdary,

* I use * liquid ’ for brevity to signify incompressible fluid. .
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2. In* the Secondary and Tertiary the' motion is essentiidly wi^out change of
density, and in each of them we naturally, therefore, take an incompressible fluid as

the substance. The motion in the Primary we arbitrarily restrict by taking its fluid

also as incompressible.

3. Helmholtz flrst solved t^e problem—Given the spin in any case of liquid

motion, to find the motion. His solution consists in finding the potentials of three

idesd ^tributions of gravitational matter having densities respectively equal to

l/iir of the rectangular components of the given spin; and, regarding for

moment these potentials as rectangular components of velocity in a case of li<][uid

motion, taking the spin in this motion as the velocity in the required motion.

Applying this solution to find the velocity in our Secondary from the velocity in our
Tertiary, we see that the three velocity components in our Primary are the poteU'-

tials of three ideal distributions of gravitational matter, having their densities

respectively equal to l/47r of the three velocity components of our Tertiary.

This proposition is proved in a moment,* in § 6 below, by expressing the velocity

components of our Tertiary in terms of those of our ^condary, and those of our
Secondary in terms of those ofour Primary, and then eliminating the velocity com-
ponents of Secondary so as to have those of Tertiary directly in terms of those of
Primary.

4. Consider now, in a fixed solid or solids of no magnetic susceptibility, any
case of electric motion in which there is no change of electrification, and therefore

no incomplete electric circuit
;
or, which is the same, any case of electric motion in

which the distribution of electric current agrees with the distribution of velocity in

a case of liquid motion. Let this case, with velocity of liquid numerically equal to

47r times the electric current density, be our Tertiary. The velocity in our corre-

sponding Secondary is then the magnetic force of the electric current system;* and
the velocity in our Primary is what Maxwell * has well called the * electro-magnetic

momentum at any point ’ of the electric current system
;
and the rate of decrease

per unit of time, of any component of this last velocity at any point, is the corre-

sponding component of electro-motive force, due to electro-magnetic induction of

the electric current system when it experiences any change. This electro-motive

force, combined with the electrostatic force, if there is any, constitutes the whole
electro-motive force at any point of the system. Hence by Ohm’s law each com-
ponent of electric current at any point is equal to the electric conductivity multi-

plied into the sum of the corresponding component of electrostatic force, and the

rate of decrease per unit of time of the corresponding component of velocity of
liquid in our Primary.

6. To express all this in symbols let (m„ (m.^, v,^, w^, and (%, v,,

denote rectangular components of the velocity at time t, and point (:r, y, a) oi our
Primary, Secondary, and Tertiary. We have (§ 1)

—

_du^_dto^ ^dv^_du^

* dy dz* ^ dz dx* ® dx dy
• •

• (1)

(2)

Eliminating from (2) by (1), we find

—

d(du^ dv^. dw\(d^u^
.

«

dxKlx *dy*irz) W) ’

But by our assumption (§ 2) of incompressibility in the Primary

—

_ - + — V , , , ,

. dx dy dz

Hence (3) becomes—»,

* From Poisson’s well-known elementary theorem v*V=
* Eleetrostatias and MagMtimt § 617 (postscript) (c).

* Eleotrieity and JHagnetumt § 601.

(8)

(4)

(6)
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where, as ip Article xxvii. (November 1846) of my Collected Mathematical and
Physical Papers (vol. i.)—

d*
. .

d* fo\i^
dr* d8»

^ ^

This (6) is the promised proof of § 3.

6. Let now «, v, lo denote the components of electric current at (r, y, z) in

the electric system of § 4 ; so that— *
.

4rrM « ttg -i —y • inv « j
47rtt; » w, » — . (7)

which, in virtue of (4), give-

wdu ^ dw ^ 0
dr dy ds

•

Hence the components of electro-motive force due to change of current being

(§ 6)~
__dw3 __dD^

It* It*
are equal to

—

• • • (®)
ctv dtf

and therefore if <lenote electrostatic potential, we have, for the equations of the

electric motion (§ 6)

—

(JO)1 / «-2d» d«'\ l/„-
dt-^r dt dz

where k denotes \ir of the specific resistance.

7. As 'J' is independent of t, according to § 4, we may, conveniently for a
mompnt, put— •

* d^ a d^M+-3-«a; w+ ~-y • • •

Kdx Kdy Kdz
(11)

and so find, as equivalents to (10)-

. . (12

The interpretation of this elimination of ^may be illustrated by considering,for

example, a finite portion of homogeneous solid conductor, of any shape (a long thin

wire with two ends, or a short thick wire, or a solid globe, or a lump, of any shape,

of copper or other metal homogeneous throughout), with a constant flow of elec-

tricity maintained’ through it % electrodes from a voltaic battery or other source

of electric energy, and with proper appliances over its ||hole boundary, so regulated

as to keep any given constant potential at every pomt of the boundary; whfle

currents are caused to circulate tnrough the interior by varying currents in circuits

exterior to it. There being no changing electrijication by our supposition of § 4,

^ can have no contribution from electrification within our conductor; and therefore

throughout our field

—

. . . . . • (13)

which, with (8) atlid (11), gives

—

‘

d̂.p
+^+^r-o
dy dz .

(14)

Between (12) and (14) we have four equations for three unknown quantities.

These in the case of homogmeousness (k constant) are equivalent to only^ three,

because in this case (14) follows from (12) provided (14) is satisfied imtially,

and the proper surface condition is maintained to prevent any violation of it from

supervening.

* Maxwell, for quatemionic reasons, takes v’ the negative of mine.
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1

But unless k is constant throughout our field, the four ^uatio^ (12) and (14)
are mutually iiiconsistent

;
from which it follows that our supposition of un-

changingness of electrification (§4) is not generally true. An interesting and
important practical conclusion is, that when currents are induced in any way, in a
Boui composed of parts having difierent electric conductivities (pieces of copper

and lead, lor example, fixed together in metallic contact), there must in general be
changing dectrihcation over every interface between these parts. This conclusion

was not at first obvious to me
;
but it ought to be so by anyone approaching the

subject with mind undisturbed by mathematical formulas.

8. Being thus warned off heterogeneousness until we come to consider changing
electrification and incomplete circuits, let us apply (10) to an infinite homogeneous
solid. As (8) holds through all space according to our supposition in § 4, and as

Kis constant,' (13) must now hold through all space, and tlierefore ^ = 0, which
reduces (10) to— •

1 __2 du 1 A -2 1 «-.2tt=-V ; i, = -A-= ;
«’ = -v-’-5r

K at K at K at
(16)

l^ese equations express simply the known law of electro^magnetic induction.

Maxwell’s equations (7) of § 783 of his ^ Electricity and Magnetism/ become in this

case

—

,.(4.0 + K-|-)-^ = V%.&c. (160

which cannot be right, I think, according to any conceivable hypothesis regarding
electric conductivity, whether of metals, or stones, or gums, or resins, or waXy or
shellac, or india-rubber, or gutta-percha, or glasses, or solid or liquid electrolytes

;

being, as seems to me, vitiated for complete circuits by the curious and ingenious,

but as seems to me not wholly tenable hypothesis which he introduces, in § 610,
for incomplete circuits.

9. The hypothesis which I suggest for incomplete circuits, and consequently
varying electrification, is simply that the components of the electrb-motive ‘force

due to elfectro-magnetic induction are still ^'^~^dujdtf &c. Thus, for the equa-
tions of motion, wo have simply to keep equations (10) unchanged, while not
imposing (8), but instead of it taking

m
where p denotes 4»r times the electric density at time t, and place {x, y, s), and

denotes the number of electrostatic units in the electro-magnetic unit of
electric quantity. This equation expresses that the electrification of which '¥ is the
potential, diminishes and increases in any place according as electricity fiows more
out than in or more in than out. We thus have four equations, (10) and (16), for
our four un^owns, «, v, w, Utj and I find simple and natural solutions, with nothing
vague or difficult to undentond, or to believe when understood, by their applica-
tion to practical problems, or to conceivable ideal problems, such as the transmission
of ordinary or telephonic signals along submarine telegraph conductors and land
lines, electric oscillations in a finite insulated conductor of any form, transference
of electricity through an infinite solid, &c. &c. This, however, does not prove my
hypothq^is. Bxpenme^ is required for informing us as to the real electro-magnetic
effects of incomplete circuits

; and, as Helmholtz has remarked^ easy to
im^ine any kind of experiment which could' decide between different hypotheses
which may occur to anyone trying to evolve out of his inner consciousness a theory
of the mutual force and induction between incomplete circuits.

6. On the Transference of Electricity within a homogeneous Solid Oonductor*
Professor Sir William Thomson, Xi/.2)., F.I2. 5.

Adopting the notation and formulas of my previous paper, and taking a to
denote 4g times the electric density at time /, and place (x, y, z), we have



TKANSACTIONS OF SECTION A. 571

(17)

ax^d, eliminating », r, w, by this from (10), we find, on the assumption of k
constant, js

d >2vV (18)

The settlement of boundary conditions, when a finite piece of solid conductor
is the subject, inyolves consideration of u, v, w, and for it, therefore, equations

(17) and (12) must be taken into account
;
but when the subject is an infinite

homogeneous solid, which, for simplicity, we now suppose it to be, (18) suffices.

It is interesting and helpful to remark that this agrees with the equation for the

density of a viscous elastic fluid, found from Stokes’s equations for sound in air

with viscosity taken into account ; and that the values of u, u, «?, given by (17)
and (10), when p has been determined, agree with the velocity components of the

elastic fluid if the simple and natural enough supposition be made that viscous

resistance acts only against change of shape, and not against change of volume
without change of shape.

For a type-solution assume

—

A n'-of 2jrA’ 2Try 2n-s
p =AE COS — cos —5

^ cos .

a 0 c
(19)

and we find, by substitution in (18)

—

• • • (20)

where

—

(21)

Hence^ by solution of the quadratic (20) for q
—

(22)

[In the communication to the Section numerical illustrations of non-oscillatory

and of oscillatory discharge were given.]

7, Five Applications of Fourier*s Law of Diffusion, illustrated hy a Diagram

of Curves with Absolute Numerical Values', By Professor Sir William
Thomson, LL.D., F,B.8,

•it.

1. Motion of a viscous fluid.

2. Closed electric currents within a homogeneous conductor.^

8. Heat. .

4. Substances in solution.

‘ This subject is essentially the * electro-magnetic induction ’ of Henry and
Faraday. It is essentially different from the * diffusion of electricity * through a
Solid investigated by Ohm in his oelel^ted paper * Die Oalvanische Eette xuathe-

^tisoh bearbeitet,’ Berlin, 1827 ; translated in Taylor’s * Scientific Memoirs,* vol. ii.

^rt viii,,
* The Qalvanic Circuit investigated Mathematically,* by Dr. G. S. Ohm. In

Ohm*8 work electro-magnetic induction is not taken into account, nor does any idea of

an electric analogue to inertia appear. The electro-motive force considered is simply

that due to the difference of electrostatic potential in different parts of the circuit,

unsatisfactorily, and even not accurately, explained by what, speaking in his pre-

Greenian time,he called * the eletroscopic force of the tx^y,* and defined or ea^lained

as > the force with which the electroscope is repelled or attracted by the body ;
’ the

electroscope being * a second movable body of invariable electric condition.*
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5. Electric potential in the conductor of a submarinetcahle.S
1. Fotlrier’s noVr well-known analysis of what he calls the * linear motion oj

heat ’ is applicable to every case of diffusion in which the substance concerned is in

the same condition at all points of any one plane parallel to a ^iven plahe. The
differential equation of diffusion,’^ for the case of constant difiusivity Kf is

—

dv d^o

where v denotes the * quality ’ at time t and at distance so from a fixed plane oi

reference. This eqiiation stated in words is as follows :—^Rate of augmentation oi

the ^ quality ’ per unit of time is equal to the difi'usivity multiplied into the rate

of augmentation per unit of space of the ^ qualityI
The meaning of the word ‘ quality ’ here depends on the subject of the diffusion,

which may be any one of the five cases referred to in the title above.

2. If the subject is motion of a viscous fluid, the * quality ’ is any one of

three components of the velocity, relative to rectangular rectilineal co-ordinates.

But in order that Fourier’s diflusional law may be applicable we must
either have the motion very sldw, according to the special definition of slowness

in Article xcvii. below
; or the motion must be such that the velocity is the same

for all points in the same stream-line, and would continue to be steadily so if

viscosity were annulled at any instant. This condition is satisfied in laminar

flow, and more g jnerally in every case in which the stream-lines are parallel

straight lines. It is also satisfied in the still more general case of stream-lines,

coaxal circles with velocity the same at all points at the same distance from the

axis. Our present illustration, however, is confined to the case of laminar flow, to
which Fourier's diflusional laws for what he calls ‘ linear motion ’ (as explained

above in § 1) is obviously applicable without any limitation to the greatness of the

velocity in any part of the fluid considered (though with conceivably a reservation

in respect to the question of stability^). In this case the * quality ’ is simply fluid

velocity.

8. If the subject is electric current in a non-magnetic metal, with stream-lines

parallel straight lines, the * quality ’ is simply current-density, that is to say, strength

of current per unitof area perpendicular to the current. The perfect mathematical^
analogy between the electric motion thus defined, and the corresponding motion of a
viscous fluid defined in § 2 was accentuated by Mr. Oliver Heaviside in the * Electrician,’

July 12, 1884 ;
and in the following words in the ^ Philosophical Magazine ’ for 1886,

second half-year, p. 185 :
* Water in a round pipe is started from rest and set into a

state of steady motion by the sudden and continued application of a steady longi-

tudinal dragging or shearing force applied to its boundary. This analogue is

useful because everyone is familiar with the setting of water in motion by fiction
on its boundary, transmitted inward by viscosity.’ Mr. Heaviside well calls this

analogue ‘useful.’ It is, indeed, a very valuable analogy, not merely in respect to
philosophical consideration of electricity, ether, and ponderable matter, but as faci-

litating many important estimates, particularly some relating to telephonic con-
ductors and conductors for electric lighting on the‘ alternate-current’ system. In
a short article to be included in volume iii. of my collected papers, wliich I hope
will soon be published, I intend to describe a generalisation, with, as will be
seen, a consequently essential modification of this analogy, by which it is extended
to include the mutual induction between conductors separated by air or other

* This subject belongs to the Ohmian elpctric diffusion pure and simple, worked
out by aid of Green’s theory of the capacity of a Leyden jar (see ‘ Mathematical and
Physical Papers,* vol. ii., art. Ixxiii.).

* See ‘ Mathematical and Physical Papers,’ vol. ii., art. Ixxii.
* See * Stability of Fluid Motion,* § 28 PhUotophioal Magazine^ August 1887.
* It is essentially a mathematical analogy only ; in the same sense as the relation

between the ‘uniform motion of heat’ and the mathematical theory of electricity,

which I gave in' the Cambridge Math^matioal Journal forty-six years ago, and which
now constitutes the first article of my * Electrostatics and Magnetism,* is a merely
mathematical analogy.
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insulators, and currents in solids of different conductivity fixed together in
contact.

1
^. If the subject is heat, as in Fourier’s original development of the thiK>ry of

diffusion, the * qualitif ’ is temperature.

5. If the stmject is diffusion of matter, the * quality
*
is density of the matter dif>

fused, or deviation of density from some mean or standard density considered. It is to
Fi(^, thirty-three years a^o demonstrator ofanatomy, andnow professor ofphysiology

in the University of Zurich, that we owe this application of Fourier’s.difiiiinonal

theory, so vitally important in physiological chemistry and physics, and so valuable

in natural philosophy generally. When the substance through which the (diffusion

takes place is fluid, a very complicated but practically important subject is pre-

sented if the fluid be stirred. The exceedingly rapid progress of the diffusion pro-

duced by vigorous up-and-down stirring, causingtoW.done in half a minute the diffu-

sional workwhich would require years or centuriesaf the fluid were quiescent, is easily

explained
;
and the explanation is illustrated by the diagram of curves, § 7 below^

with the time-values given for sugar and common salt. Look at curve No. 1, and
think of the corresponding curve with vertical ordinates diminished in the ratio of

1 to 40. The corresponding diffusion would take place for sugar in 11 seconds, and
for salt in 8^ seconds. The case so represented would quite correspond to a streaky

distribution of brine and water dr of syrup and water, m which portions of greatest

and least salinity or saccharinity are within half a millimetre ofone another. This

is just the condition which we see, in virtue of the difference of optic refractivity

.

produced by difference of salinity or of saccharinity, when we stir a tumbler of

water with a quantity of undissolved sugar or salt on its bottom. If water be

poured very gently on a quantity of sugar or salt in the bottom of a tumbler with

violent stirring up guarded against by a spoon, the now almost extinct Scottish

species called * toddy ladle ’ being the nest form, or better still a little wooden disc

which vrill float up with the water
;
and if the tumbler be left to itself undisturbed

for two or three weeks, the condition at the end of 17 x 10* seconds (20 days) for

the case of sugar, or 5*4 x 10* seconds (6 days) for salt, will be that represented by
No. 10 curve in the diagram.

6. If the subject be electricity in a submarine cable, the ' quality ’ is electric

potential at any point of the insulated conductor. It is only if the cable were a

straight Hue that a: would be (as defined above) distance from a fixed plane : but

the cable need not be laid along a straight line ,* and the proper definition of x for

the application of Fourier’s formula to a submarine cable is the distance along the

cable from any point of reference (one end of the cable, for example) to any point

of the cable. For this case the diffusivity is equal to the conductivity of its con-

ductor, reckoned in electrostatic units, divided % the electrostatic capacity of the

conductor per unit length insulated as it is in gutta-percha, with its outer surface

wet with sea water, which, in the circumstances, is to be regarded as a perfect con-

ductor. For demonstration of this proposition see vol. ii., art. Ixxiii. (1865) of my
collected papers.

"
'7. Explanation op Diaqham showing Progbess op Laminar Dtppfsion.

In each curve

—

jVP = 2
dq.€’^,

10

where x denotes the number of centimetres in ON, and.* the ^ curve-number.’ The
curves are drawn dii'ectly from the values of the integral given in Table III.

appended to De Morgan’s article 'On the Theory of Probabilities/ ' Encyclopmdia

Metropolitana,’ vol. li. pp. 483^-84. «...,«
rat distance = ONfrom initial surface or

interface,

NP denotes the ' quality* (defined J and at time equal in seconds to [' curve-

i below)
I

number *p divided by sixteen times
the diffusivity in square centimetres

per second.

I
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Subject of Diffusion ‘ Quc^tjf
*
represented by ^ NP

Motion of a viscous fluid . « ,
. . .

•

Hatio of the velocity at iV to the con-
stant velocity at 0

Closed electric currents within a

homogeneous conductor
Current-density

Heat
\

Ratio of temperature minus mean tem-
perature to mean temperature

Substance in solution
«

Ratio of density minus mean density to
mean density

Electric potential in the conductor of a
submarine cable

Ratio of potential at A* to constant
potential at end 0

Examples.

‘Curve-number

'

Time in seconds Case of Diffusion

1 27066- Zinc sulphate through water.

1 25720 Copper sulphate through water.

1 17000 Sugar through wood.
1 5400 Common salt through water.

5 1180 Heat through wood.
6 118 Laminar motion of water at 10*^ Cent.

6 30 Laminar motion of air.

6 71 Heat through iron.

6 1-31 Heat through copper.

Electric current in a homogeneous non-
magnetic conductor

:

10
i

*0488 Copper,

10 •0040 Lead,
10 •0038 German silver,

10 •0023 Platinoid.

1,000,000,000 216 Electric potential in the Direct T7.S.

Atlantic Cable.

8 . On Flux and Reflttx of Water in Open GhanneU or in Pipes or other Ducts,
By Frofessor James Thomson, LL.D., F.B.S.

In tlie autumn of 1872 I was staying at a place named Oastlerock, on the north
coast of Ireland, between the mouth of the Bann river and the entrance to Lough
Foyle. There was an extensive sandy beach there, lashed by the great waves of tne
Atlantic Ocean. At a part of that beach a small river or stream flowed to the
sea ;

but the sandy beach had been thrown up as a bank, at about high-tide level,

obstructing what might have been the direct outfall course for the stream into the
sea, and causing the stream to turn to its right and to flow eastward for some
distaiice (doi^ the back of that sandy bank before finding an opening for flow out
to the sea. ^us, at the back of the bank, a little estuary was formed, along which,
when the tide was down, the stream would have for a considerable length a nearly
level bed, and into which, when the tide was up, the sea-water entered so as to Ml
it up to various depths according to the height of the sea-surface.

1 happened to oe watching with interest the motions of the water in this little
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estuary at a time when a considerable depth of water (such as a few feet depth
along its mid*channel) was maintained in it oy the height of the sea-water outside,
and when the slow rising and sinking of the ocean-waves was producing , in the
estuary a flux and redux on a small scale like that of the tidal flow in large
estuaries.^ The znotions of the water being indicated by numerous little pie^ of
sea-weed carried in sue^ension, I noticed that the water at or very close to the
-channel-bed reversed its landward or seaward flovr always much earlier than did
the main body of the water in the channel, less affected by contiguity to the bed.
The phenomenon being noticed, the reason at once became apparent. The lamina
contiguous to the bed, or channel-face, would be always hindered, by the frictional
resistance of that face, from getting into so great a velocity, either seaward or land-
ward, as that which would be attained to by the main body of the water. Then,
when the water at the sea-end of the estuary was raised in level, by the arrival of
an ocean-wave, so as to give a gravitational prqpulsive influence tending to cause
the water to flow landwa^ along the estuary, the main body of the water, in virtue
of its inertia with seaward momontum, would continue to flow for some time sea-
ward, flowing as it were uphill;* while the frictionally restrained lamina at the
channel-face, being nearly devoid of inertial tendency seaward, would readily yield
to the landward gravitational propulsive influence due to the landward surface

• declivity of the water in the estuary.

Exactly a like explanation, mutatis mvtandisy is applicable to the case of reversal
of the flow from having been landward to its becoming seaward. The channel-face
lamina makes its reversal of flow, just as in the other case, earlt&r than does the
main body of the water, and for like reason.

It may now further be noticed that precisely corresponding phenomena would
present themselves in the flux and reflux of water in a pipe, if, for instance, the
pipe were connecting two cisterns, and a plunger were kept oscillating upwards and
downwards in one of them so as to cause th^e alternating flow through the pipe.

The phenomena might be very interestingly manifested in an open trough connect-
ing two cisterns, arrangements being made, by a plunger or otherwise, for causing
flux and reflux along the trough, and the motions of the water being indicated by
small visible particles in suspension in the water or by the dropping in of granules
of aniline dye.

it may now be worthy of remark that the hydraulic principle brought into notice

in the present paper, in respect to flux and reflux along channels, is closely allied

to, and is in some respects identical with, the leading principle set forth in previous
papers bv myself on the flow of water round bends in rivers, &c. In that case the
mctionaily resisted and retarded lamina in conti^ity with the channel-face, or bed,
flows transversely (or rather obliquely^ across the channel towards the inner bank
of the bend, impelled inwards by gravitational propulsive influence (that is, down-
hill as it were), while the main body of the stream, flowing quicker in the bend,
exerts centrifugal force outwards, or tends inertiaUy out towai^ the outer l^k.
The papers here referred to on Flow of Water round Bends in Rivers, &c., are to be
found in the < Proceedings of the Royal Society^ for May 1876; in the British

Association R^rt for tne Glasgow Meeting, 1876, Section A, pa^ 81 of Trans-
actions of the Sections

;
in the ^ l^ceedings of the Royal Society,* 1877, No. 182,

page 856; and in the ^Proceedings of the Institution of Mechanical Engineers,*

August 1879, p. 466. Also some other important cases in which ^ke principles of
fluid motion come into play 0n Whirlwinds &c.) are adduced in a paper by myself
in the British Association Report for the Montreal Meeting, 1884, Section A,
p. 641.

* The period of these oscillations may be about from ten to twenty seconds, as I
' have been informed that Professor Stokes has found, by observations on that coast,

that the period from one wave to the next, in the lar^ Atlantic waves there, is at
most about seventeen seconds.

* Or, in more precise terms, flowing from a place of lower to a place of higher
free-level.
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8ATUBDAT, SEPTEMBER 8.

The following Papers and Keport were read :

—

Department for Light and Electricity.

1.

Sur Vapplication de Vanalyse spectrale d la micanique moUculaire et star

les spectres de Voxygene. By Dr. J. Janssen.—See EeportSi p. 647.

2.

On the Absorption Spectrum of Oxygen} By Professors Liveing,
and Dewar, F,B.8.

The authors describe the absorption spectrum given by oxygen at various

pressures up to 166 atmospheres in a tube, fitted with quartz ends, 1*6 metre long,

and at pressures from one to ninety atmospheres in a tube 18 metres long. They
confirm generally the results of Egoroif and Janssen, and add some new facts with
regard to Ihe absorptions in the more refrangible part of the spectrum.

Of all the absorptions Fraunhofer’s A required the least amount of oxygen to

produce it in sufficient intensity to be seen, and B came next. All the other ab>

sorptions, in the visible region seem to be represented* but with less intensity,

amongst the telluric bands of the solar spectrum. Neither carbonic acid gas nor
nitrous oxide gave any visible absorption. A could not be resolved into lines,

because the expansion of the lines witn increased density of the oxygen obliterated

the interspaces. The rapid increase in the strength of the bands with increasing

pressure of the gas accords with Janssen’s law that the intensity of the unresolv^

able al^orptions varies as the square of the density of the gas.

With the shorter tube at high pressures the authors found that the absorption

of ultra-violet rays beyond A 2666 was complete, while with the longer column
the complete absorption extended much lower, to about X 8360.

Hemarkable effects were observed to arise from variations of density in the gas,

the tube becoming quite opaque through internal reflexions when it was heated at

one or two points or when gas at high pressure was entering the tube rapidly.

3.

The Spectra of Meteorites compared with the Solar Spectrum*
By J. Norman Lockyer, F.B.S.

4.

On the Harmonic Series of Lines in the Spectra of the Elements,
By Professor Carl Rungb. .

Similar to the formula found by Mr. Balmer, of Zurich,* in 1886 for the wave-
lengths of thirteen lines of the hydrogen spectrum there exist, as Professor Kayser
and I have found, formulas for the groups of lines of other elements, which few-
fessors Liveing and Dewar have called * harmonic series of lines,’ and whic^ th^
have compared te the series of overtones emitted by a vibrating elastic body.

The formulas have the form

wave-length =——1

,

o + on"‘ + cn’*

or wave-length = 1

a +

..where a, 6, e are constants and n assumes consecutive values of the series of entire
.

numbers. I give an example of a series of eight lines in the spectrum of lithium
observed by Liveing and Dewar :

—

• For full details see Phil. Mag. Sept. 1888, and Chem, NewSt vol. Iviii, p. 163.
^ Wiedemann"s Annalen, 2b, ,
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crt Ti M ^ mill
°T 4341-4 + 186*6»- « -1168§n-»

, Wave-lengths
n ^ a. ^

Calculated Observed
Difference Bemarks

3 32320 3232-0 The wave-lengths are

4 27410 2741-0 given in Angstrom’s
units ; that is, 106 25620 2561-6

6 2474-7 2476-0 + 0-3 millimeters.

7 2425-2 2425-5 + 03
8 2394-3 2394-6 + 0-2

9 2373-7 2373-6 -0-2
10 2359 2 2359-0 -0-2 •

Liveing and Dewar give 0 3 Angstrom’s units as their probable error. Accord-
ing to that the formula might be absolutely correct. However, our other
formulas do not agree quite so well with the observations. They contain series,

of lines in the spectra of thallium, potassium, sodium, tin, zinc, and magnesium.
As the spectrum defines an element, so the constants of the formula may be said

to define the element. Possibly they will be found to be in some connection with
tibie atomic weight.

5. A Vortex Analogue of Static Electricity,

By Professor W. M. Hicks, M,A., E.B.S.

Consider two bodies in contact placed in an infinite fluid, and with a vortex
filament the ends of which are one on one surface, the other on the other. If
now the surfaces be separated from one another, there will be formed at the
point where they separate a hollow vortex filament stretching from one to the
other, with rotation equal and opposite to that of the original filament. As the
bodies are moved apart these filaments will not in general take up a position

of rest. If the strength of the original filament be very great, or if there be
several of them, the resulting hollow vortex will, through instability, split up into

a number of smaller ones.

If the resulting number be very large they will ultimately take up some
position of stable equilibrium. "What the distribution in this case will be I cannot
say, but the following is one state of equilibrium and ^robabl}’’, although I have
not proved it, a stable one. The two sets of filaments will be mixed up with each
other, and each will distribute itself according to the same law as tne distribu-

tion of lines of force between the two bodies supposed equally and oppositely

electrified.

In the case of the original filaments, as the surfaces are further and further

eeparalted, their sections become smaller and smaller. This is, however, not the
case with the hollow filaments. Their section depends only on the pressure of the

fluid and their circulation, and as these remain constant the areas of their section

also remain so. In such a hollow vortex the pressure inside sinks to zero. Con-
sequently the portion of the surface on which it abuts experiences a diminution of
pressure, a diminution which is the same at all distances. The two bodies are

therefore attracted. Moreover, as the two bodies separate further, the distribution

of the filaments being the same as that of electrical lines of force, and the dimi-

nution of pressure for each line being constant, it follows that the force between
,

the two bodies follows precisely the same laws as the force between the two bodies

supposed equally and oppositely electrified. It can be shown that the effect of the
original filaments is similar, the diminution of pressure being half as large again
as ibr the hollow vortices.

If another surface be brought into the presence of the others, some of the

1888. p p
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filaments would abut on this. These would break off, and riearran|^ themselves so

that some of the filaments would end on it and an equal number start from it.

Call those ends of the filaments positive at whieu the rotation, looked atfro’m
the surface on which they abut, is right-handed ; and those ends negative at which
the rotation is left-handed. The two ends of any filament will then, always be
of (mposite name.

The analogy with electrical action is then close. Two bodies, A B, brought in

contact touch in innumerable points, owing possibly to the ditferent states of
motion of the ether at their surfaces

;
a state of equilibrium is set up, consisting of

a kind of sifting of vortex motion already subsisting, so that on the whole more
lines go from A to B than vice versd. This is E,M,F. of contact. Separate the
bodies

;
one has a number of positive ends of hollow filaments, and the other an

equal number of negative ends. The bodies are eqmlly and oppositely electrized,

Tne forces in the hydrodynamictfi case and in its electrical analogue follow the
same lavfs.

Bring into the field another surface C
;
the filaments rearrange themselves as

mentioned above, the negative and positive ends abutting on 0 being equal. This
is induced electricity.

If the surface 0 consist of a large number of small unconnected surfaces, the
filaments will arrange themselves in some manner depending on the sizes and
distances of the unconnected parts, the field will be disturbed in a similar way to

that in an electric field into which a different dielectric is placed. This is the

analogue of a non-uniform s^cific inductive capacity. So far the ground is pretty

safe. The succeeding remark must be regarded as speculative.

Heturn to the case of the two separated surfaces A and B ;
what will happen

if they be connected by a third surface—say, to fix our ideas—a long, narrow cylinder

or wire ? It is not so easy to say certainly what the exact rearrangement will be.

It would seem very probable that the hollow filaments near the wire would at once
be replaced by circulation round the wire. In this case the solid filaments must
rotate as a whole round it, while at the same time, although this has not been
proved, they will contract, their ends move along until they come together, form a
ring and get mixed up in the surrounding fluid. This would correspond to the
current of discharge. But notice that if this is so the fluid outside the wire
rotates round the wire while a stationary state is being reached, and, as we know
that the field round a current is a magnetic field, it follows that the analogue of a
magneticfdd is aflow along the magnetic lines offorce.

It may, however, be further necessary that these streams must contain vortex
filaments moving with the fluid, their axes at every point being perpendicular to

the lines of force there.

If the field is determined by the flow of fluid independently of the vortex
motion it is not easy to see the hydrodynamical analogue of the induction "of

currents when, say, a wire moves across a uniform magnetic field. If, however, the
vortex fikments as above are a necessary adjunct, it is conceivable how a movement
of the wire across the lines of flow and amongst the filaments produce an instan-

taneous disarrangement which will travel through the vortical fluid with the
velocity of propa^tion of transverse vibrations in a vortical fluid. That is In the
ether as SirW. Thomson has shown with the velocity of light.

It is difficult to see any analogue to the rotation of the plane of polarisation of
light by a magnetic field.

6. On a Diffusion Photometer. By J. Jolt, M.A.^ B,B,

This photometer in its ori^nal form was brought before the British Assodar
tion in 1885 by Professor Fitzgerald for the author. ' The improved form, made
of translucent glass, is now shown. A full account will be found in the * Philoso-

phic^ Magazine/ July 1886, p. 26.

7. Third Report^ the Committee on Electrolysis,—See Reports, p. 389.
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Department fob Mathematics and General Physics.

1. On Centres ofFinite Twist and Stretch,

By Professor R. W, Genese, M.A,

Given two directly similar figures ABC. . A'B'C'. . . in a plane
;

it is known
that one may he transformed into the other by a twist about a certain point I, and
a proper stretch from that point. But it will be seen that the transformation

be effected by an equal twist about any point O in the plane (so as to bring
AB parallel to A'B') foltowed hy a stretch from a diiferent centre S, or equally
well Dy«a stretch from S foliowed by a twist round a proper point 0^ not coincident
with 0. It would seem worth while ' to cong^der the relations between the
centres.

Fig. 1.

Let I be brought to J by the twist a> round 0; then it must be brought back
by the stretch from S. Thus it is clear that for a given Uvist and stretch the
triangle OIS is of constant species.

Similarly if I be brought by the stretch first to J' it must be brought back by
the rotation about O'. .

It is at once seen that (1) S, O, 0' are collinear, (2) SO' is the stretched
position of SO, (3) 10, 10' are equally inclined to SI and are to each other
as SO : SO', so that O' is the position of0 after thefirst tvnst and stretch.

If we start again with two symmetrically similar figures, one may be trans-

formed into the other by a half turn about any axis in the plane, together with a
twist and stretch from me proper centre, and
the relation between the axis and the centre

might be worth investigation. For the pre-

sent paper, however, it suffices to observe that

by t&ng an axis parallel to the bisector of

the angle between two corresponding sides the

twist* may be avoided; it is not difficult to

show that the locus of the stretch-centres for

axes parallel to this axis is a straight Une at

right angles to it. In the case in which the

stretch-centre is on the half-tum axis, the locus

aud astis form t^o remarkable straight lines

which should bear the name of the iuustriouB

mathematician Bellavitis whp first noticed a p B
them. ’

,

Their existence may be briefly demonstrated, thus

:

Let AB -jt), A'B'«|)' be corresponding sides, and let AA', BB' bo divided at

L, M so that AL : LA'-n : : MB'. Then IiM shall be equally inclined

top,p', m

p p 2

Fig. 2.
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'
‘

' \
Complete tbe parallelograms BALO, B'A'LO'. Then, since BC : B'C'*p

=BM : MB', CC' passes through M ; and CM : MO' =/>
:
jp' = LO : L'O' ;

tnere-

fore'LM is equally inclined to LO, LCy. '

A similar demonstration holds if L., M. be the points dividing AA', BB'
externally in the ratio p :

p^. The lines LM, LiMj intersecting at right angles at

S (see fig. 8), and {A'LALj} being harmonic, we see that SL bisects the angle

ASA' and similarly BSB'. And SA : SA'=AL f LA'»^ : p\ Thus AB may
be transformed into A'B' by a half-turn round LM with a stretch from S.

Again, AB may be otherwise transformed into A'B', thus: let the circum-

circles EAA', EBB' (E being the intersection ofAB, A'B') meet in I ; then TAB,
IA'B' are directly similar and a twist round and stretch from 1 suffices. From
this property I, as well as S, lies on the circles described on LL^, MM^ as

diameters.

Now let ML meet AB in 0 A'B' in O'. Then AB may be changed into A'B'
by a twist round O followed by a stretch from S, or by a stretch from S followed

by a twist round O', the twist in all cases being the angle AEA' = «. Hence,
angle 010' = w, and E, O, I, O' are concyclic

;
hence, El msects angle 010', and,

from previous reasoning IS bisects the same angle externally
;
therefore EIS w a

right an^le.

Again, let L,Mi meet AB, A'B' at Q, Q'. Then Q comes to Q- on the half-

turn and stretch. Whence QIQ' = <b, and E, Q', Q, I are concyclic. Also

QIS = ^QIQ' = ^6) = QOS. Therefore I lies on the circle OSQ, on OQ as

diameter; and similarly on the circle O'SQ',

Fio. 3.

^

A particular case is worthy of notice. If A, B, B', A' be concyclic the point S
coincides with the intersection of AB', A'B, and it is then also the centre for the
transformation of AA' into BB'. Then the angle SIP is a right angle, and X is

the foot of the perpendicular from S on EF.

*

2 . On Becurnng BecimaU and Fermat*8 Theorem.
By Professor R. W. Genbsb, Jf.A.

Let 9,. denote the number formed of r digits, each being 9 ;
and let 9,„ be the

smallest such number exactly divisible by a given prime number jt)> 5. Then i
JP
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gives rise to m recurring decimals^ and any preferfraction %oith pfor denominator

must give the eame number of decimals. For if, say, ~ gave fewer places, it could
P

be converted into a fraction with denominator of form 9^, r being less than »«, in

which case p would divide 9,. contrary to the hypothesis above.

Now in the conversion of ^ into m recurring decimals there arem different
P

remainders, say c, . . . ai^^then the m fractions &c., give rise to the
p p

same cycle of digits. Thus the fractions &c., must be capable
p p p p

of arrangement in groups, m at a time, giving the same cycle

:

i.e. m is a factor of ~ 1

• • 9ni ), ,, 9p«|
• • P if if

f.c. of 10p“»-1.

Hepeating the reasoning in a different scale of notation we have Fermat*s

theorem ; the radix must clearly be prime to p, otherwise the fraction - would

give rise to pur6>as well as recurring decimals.

In connection with recurring decimals a curious property may be noticed of

the equivalent Jo viz., *012346670 (nine (different digits out of the usual ten),

the 8 being absent. If We multiply this bv a number less than 81, and prime to

it, a similar result holds, the absent digit being the defect of the multiplier from
the next greater multiple of 9, thus

;

^ = *098766432, 1 absent
ol

4 == *049382716, 6

Ir = *086419763, 2
81

'

I® = *346679012, 8
ol

n

n = 4x9-28.

Hence a new, so-called, recreation. If the number 012345679 be multiplied

by a single digit, and the digits only of the product be given in any order
j
the '

multiplier can be detected.

#

3. On ihe Belations "between Orbits, Catenaries, and Curved Bays.

By Professor J. D. Everett, F.B.S.

If the same curve be regarded

—

I. As the orbit of a particle under a force of intensity P directed to a fixed

point.

II. As the curve assumed by a string under a force of magnitude F per unit

length, opposite in direction to P.

III. As the path of a curved ray of light in a medium in whioh the absolute

index of refraction ft is a function of distance from the common centre of the

forces P and F,
Then, in passing from point to point of the curve, the ratio ofP to F will vary

directly as y.

In fact, from the well-known formulse

vp * A, Tjp = C, pp A,P=^^
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(in which p denotes the perpendicular from the common dentre hn the tangent^

V the velocity in the orbit, T the tension of the string, and A, C, and A constants),

together with the additional formula (proved in my edition of ^Todhunter’s

Statics’).

dp

dr

we have
P 1— OC— ecu OC T OC Pp
J? p

If, instead of supposing the three curves identical, we suppose them similar and
similarlv placed with respect to the centres in question, the above results will

obviously remain true.

Further, instead of supposing 4he forces central, and the index a function oi

distance from centre, let us make the more general supposition that, at corre*

spending points of the orbit and the string, the forces P and F are parallel and
opposite, and that, at the corresponding point of the curved ray, the direction oi

most rapid increase of u is the same as the direction of P
;
then we have the fob

lowing equations, in which 0 denotes the angle between the direction of F and the

tangent drawn in the direction of increasing s.

... (1)
T> • jP sm 9 " -. . »

P
. (2)

F COS , , . . . (3) F sin 9 ^ • • •

P
. (4)

cos 0 =
dr ds

. . . (6) sin 9=^1
dr p

• (6)

• From (1) and (2), cot — p ;
CLo

(3) and (4), cot
<J>

- - P
<?logT.

„ (5) and (6), cot ^ -

Equating the three values of cot
<f>j

we have

d log V d log T d log p
ds ~ ds ds

*

t

Hence the logarithms of u, T and p change by equal amounts
;
that is,

u oc T oc /i.

2

From (2) and (4), j; = ^ . But
^

is constant

;

p
,*.-== cx: U oc T oc tt.

F
The proportionality of v, T and p can be proved without the calculus by re-

garding the three curves as the limit of three similar polygons.

In the first TOlygon a particle moves along the sides under no fprees, but is

acted on by impiwive forces at the corners.

The second polygon is a polygon of string kept tight by forcsid applied at the
comers, the lines of action of these applied forces being panmel to the impulses in
the first polygon, but opposite to them in direction.

The third polygon is the path of. a ray which undergoes re&act^ion at each
corner by passmg out of one u^orm medium into another uniform medium ; and
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the normals to the surfaces ofjunction of the media are parallel to the impulses in
the first polygon or to the applied forces in the second.

The angles of the three polygons are thus similarly divided by the lines which
are drawn one at each angle. Oall the two parts into which one of the angles is
divided a and one being acute and the other obtuse.

In the first polygon, since the component velocity perpendicular to the impulse
remains unchanged, we have

sin a = 1/ sin a',

V and v' denoting the velocities before and after an impulse.
In the second polygon, since the applied force at any corner is balanced by the

twd tensions T, T'' of the two portions of string which meet there, we have

T sin a — T' sin d'.

In the third polygon the law of sines in refraction gives

fjt, sin a = n' sin a'.

Hence we have
V _ T _ /Li _ ein a'

v'
~ T ~

/ ”
sin"^*

The changes in v, T, and u are therefore proportional when wo pass from any aide
to the next.

4. On the Stretching of Liquids.

By Professor A. M. Worthington, Jf.A., F.R.A.S.

The author described the three methods that have been employed by previous
observers to subject a liquid to tension. These are :

—

(1) The barometer tvhe method, by which Professor Osborne Reynolds had
succeeded in subjecting mercury to a tension of five or six atmospheres
due to its own weight.

(2) The cmtrifugal method, devised by the same observer, and by means of
which ne had subjected water to a pull of about five atmospheres
(72*6 lbs. per square inch)

j
while the author had succeeded in reach-

ing with alcohol a tension of 7*9 atmospheres, or 116 lbs. per square
inch, and with strong sulphuric acid a tension of 11’8 atmospheres, or
173*4 lbs. per square inch.

(3) The method of cooling, discovered by Berthelot, and described by him,
* Ann. de Chimie ’ xxx. (1860) ; . Sur la dilatation forc^e des liquides. •

In this method a liquid deprived of air by boiling nearly fills a very strong

closed glass tube. On slight heating it expands and tills the whole tuM, com- <

pressing the residual air, which dissolves under the increasing pressure and finally

^appears. The liquid may now be greatly cooled, but remains extended, filling

the whole tube, of which at last it lets go its hold with a violent ^ click,’ and the

bubble of residual air and vapour reappears.

By this means Berthelot succeeded in stretching water by about j§5 of its

whole volume, alcohol by about i, and ether by about ^ ;
and the author learns

that Berthelot’s eMeriments were repeated with even higher results by Mr. Creel-

man in Professor Imt’s laboratory in Edinburgh.
Reasons were given for believing that the rupture is in no case due to the limit

of the cohesion having been reached, but rather to the imperfect adhesion of the

liquid to the walls of the vessel, owing to the presence of air, either in a film or in

xmcroscopic cavities. The effect of long boiling is to get rid of this adherent air,

and the apparent increase in the cohesion is to be attributed rather to this cause

than the liberation of air from solution.

The author then described the form of apparatus arrived at after many trials^

by which the tension of the liquid and the extension produced by it could be
simultaneously measured.
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The tension was ascertained from the enlargement due ttf the pilU of the liquid'

on the ellipsoidal bulb of a thermometer sealed into the containing Tessel.

By means of this instrument (exhibited), for the construction of which the

author had to thank his friend Mr. Charles F. Oasella, he had already in a first

trial succeeded in subjecting alcohol to a pull of fifteen atmospheres^ or 228 lbs. to

the square inch, with an extension that appeared to be about 55^ of the whole
volume, or about three times what would have been exp^ted bad the coefficient of

extensibility been the same as that of compressibility. This result, however, which
depends on a single measure, when the apparatus, unfortunately, broke under the

great strain upon it, requires further confirmation.

Measures of this kind afford an experimental determination of points in the
unstable portion of the isothermal curve of a substance passing from liquid into

vapour, which portion lies, as the author pointed out in a paper on * The Surface

Forces in Fluids,’ ‘ below the line of zero pressure, and not as indicated in Andrews'
diagram, reproduced in Maxwell’s ^ Heat.’

The experimental proof that tensional stress within a mass of liquid is neces-

sarily accompanied by a corresponding strain, is, in the author’s opinion, an im-
portant point in the theory of surface tension, since it shows that the diminution

of density or extension of the surface liquid, which can be shown to be a necessity

of the equilibrium at the surface, is sufficient to account for the surface being a
seat of energy. It becomes, in fact, unnecessary to ascribe to the energy any other

form than that in which it exists in stretched matter.

6 . A new Sphere Planimeter.^ By Professor Hele Shaw, M^InstO.E,

The want has long been felt of some instrument for measuring areas which,
while possessing the accuracy of the Amsler planimeter, would have the gn^eat

advantage of giving a reading by means of a pointer moving over a dial face of

such magnitude as to obviate the use of a vernier. The author, four years ago,

brought forward a class of sphere integrator, under the name of sphere and roller

mechanism, in which, by employing the rolling of two surfaces in contact with
each other, instead of the combined slipping and rolling of the Amsler type of
instrument, a satisfactory solution of the problem appeared to have been attained.

Various forms of these integrators were thoroughly tested, but with unsatisfactory

results, inasmuch as they always gave a slight error of variable amount, and it has
since been found by means of specially designed experiments that tlie universally

accepted principle of rolling contact relied upon in their design did not hold in

practice under the particular conditions in which it was there applied. The sphere-

.
planimeter which was exhibited for the first time really belongs to the Amsler
class of integrator, though resembling in external appearance the author's previous
instrument above referred to, since one essential feature of it is a sphere.

» The instrument consists of a bent bar, one end of which forms the fixed centre,

upon the surface containing the area to 1^ measured. The other end is jointed to
a frame which guides a sphere by means of four rollers, the centres of these rollen
being carried upon small rigid brackets. The frame which supports the dial is

continued by means of a bar, at the end of which is a pointer which is passed round
the perimeter of the figure to be integrated. Upon the spheres rests a small
measuring roller or integrating wheel, the axis of which carries the recording index
and a pinion.

This pinion gears with a wheel ten times as lai^e, working on the back of the
dial, by means of which higher readings are recorded. Undue pressure between
the measuring roller and the sphere is prevented by means of the roller which is

attached to the bar.

The proof of the theoiy of the action of the instrument was then nven, and the
author concluded by pointing out that the action of the sphere is simply to transmit
the motion of the roller, and therefore so long as no slipping takes place on the
surface of the paper beneath tiie record is given with the same degree of accuracy

* Phil. May. * Published in extemo^ Engineering

^

Sept, 2l. ,
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as with the Amsler planimeter, hut with the important advantage of a large dial
reading, there being only the simple difference that the pointer must in the sphere
planimeter be moved in the opposite direction round the perimeter of the figure to
Ito measured.

One feature of interost in the instrument is the use of the four guiding rollers^

which are in contact with the great circle of the sphere formed by the intersection
of the horizontol plane through its centre, and thus allow the sphere tp turn with-
out resistance in any direction. To this end the rollers are carried in brackets, and
do not exert any pressure upon the sphere, but just keep it in position in the frame.
They are pivoted on very fine centres, and they are of steel with polished edges, so
that even when the sphere is moving in a direction causing its axis of rotation to
pass through one of these edges, the motion of the sphere is not appreciably re-

tarded by frictional resistance. Hence the planimeter is found to be correct up
to the limit of accuracy to which records can be Bead on the dial face.

6. On Gomposition of Sensation and Notion of Space.^ By L. de la Rive.

Notion of space is admitted to result from the association of our muscular
activity with the perception of visual or tactile sensation. On the other hand,,

sensation of colour is a function of three variables, and muscular sensation is sup-

posed to be also a function of three variables. Then the three dimensions of space

are subjective.

A theoretical law of composition or synthesis of sensation is found to be the
law of composition of forces. The principle applied to is—consciousness of two
simtUtaneous sensations is consciousness of the ratio of their intensities, of which the
well-known law of Fechner is a consequence. The differential equation of cosine

is obtained b^ considering the variation of intensity, which, being eventually posi-

tive or negative, gives rise to a quadruple field of specific variation continuous with
itaelf. The repetition niimhered by 2® for the double synthesis is by 2® for the

treble in the case of the eight solid right angles cbmposing the whole ternary specific

field, and would be 2'* for a hypothetical quadruple synthesis.

The muscular sense is supposed to have its nervous organ composed of all the

nervous fibres of an organ of mobility (the ocular globe, the arm) and the corre-

sponding nervous centre. According to the law of composition, the exercise of
muscular sense produces the notion of sulfective spherical space thus defined

;
the

notion of thefield of straight directions from a centre tog^her toith the notion of a
length^rom the centre. Hence the assertion that this notion is the muscular sense

has in its favour : First, each sense gives us a peculiar notion ;
muscular sense is not

apparent as others because the quality it teaches to endow the external world with

is looked at as an absolute quahty. Secondly, the fact of the blind possessing the

notion of geometrical space with the same thoroughness as the seeing shows that

the notion is neither visual nor tactile, but muscular.

Association of a permanent cause of external sensation, or entity, with the

species in the ternary subjective field which, when acting, leaves undisturbed the

external perception is the localisation of the cause. Hence the formation of mono-
cular space,

^
Any muscular sensation of the ocular globe is a rotation round an

axis, and the rotation round the direction of the luminous ray leaves undisturbed

the direct vision. A retinian angular field is produced by a similar process.

A process of formation of tactile space is analysed in the case of a schematical

arm, with the humerus acting in the same manner as the oc^ar globe, and the

elbow giving by the variable angle of its articulation a variable radius to the

spherical surface described by the hand. The passage from a tactile point to

another vdth a minimum of sensation is given by a constant species in the ternary

field. Hence the^ geometrical definition of the straight line. Definition of parallels

is given by assimilating any tactile point to the centre. The hypothesis of sub-

jectivity of geometrical space may pemaps call the attention.^

* Published rsrifcnsf? in the Mfynoires de la 8oeiSt6 de Physique et dCPReteire

NaturelU de Oenkve, 1888.
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MONDAY, SEPTEMBER 10.

The following Keports and Papers were read :

—

1. Third Report of the Committee for inviting Deigns for a good pifferefiMal

Gravity Meter.—See Eeports, p. 72.

2. Fourth Report of the Committee for considering the best means of Conim

paring and Reducing Magnetic Observations .—See Reports, p. 28.

'

3. Third Report of the Committee appointed to co-operate with the Scottish

Meteorological Society in making Meteorological Observations on Ben
Nevis.—See Reports, p. 49.

4. Modern Views about Hurricanes, as compared with the Older Theories.

By Hon. Ralph Abercromby, F.R.Met.Soc.

The old conception of a hurricane was that of a circular-shaped eddy, round
which the wind blew in circles; the whole system was not supposed to be con-
nected with auy surrounding trade-wind or monsoon, and the idea that a hurricane
changes it shape, as well as its depth and intensity during its progress, was never
thought of.

Modem research shows that a hurricane is really an oval eddy, and that the
vortex, or centre of the wind rotation, is not in the geometrical centre of the oval,

but usually nearer one edge or other of the depression. The former is a very simple,
the latter a very difficult conception

;
nevertheless, such are the facts, as the autmor

has proved by an examination of hurricanes on 60 different days.

The wind blows as a spiral of variable incurvature round the vortex, not rmmd
the centre of the oval. The general sense of the rotation is counter-clockwise in
the Northern, clockwise in the Southern Hemisphere ; but the amount of incurvature
varies in different parts of the oval for a number of reasons. As a rule, in all hurri-

canes, the incurvature is less in front than in rear of the vortex.

A hurricane is also always changing its shape, so that the oval lies sometimes
in one way, and sometimes quite in a different direction ;

while sometimes the
vortex is displaced towards one side of the oval one day and towards quite anothe^
side on the next.

The path of the hurricane is not in a regular line, for the vortex sways about,
and sometimes even describes a loop.

For all these reasons, no rule is possible for determining absolutely the bearing
of the vortex by observations on board a single ship ;

whereas it used to be stated

positively that facing the wind the vortex bore 8 points—^at right angles—^to the
right in the Northern, and to the left in the Southern Hemisphere. ‘

We can only say now that, when fairly within the storm-field and facing the
wind, the vortex will be to the right and a little to the rear

;
that is, from 8 to 12

|>oints to the right of the wind in the Northern Hemisphere
;
and to the left and a

little to the rear ; that is, from 8 to 12 points to the left of the wind in the Southern
Hemisphere. If the wind blew exactly in a circle round a circular hurricane the
vortex would always bear 8 points to the right or left according to the Hemisphere,
and the rule to take 8 to 1^ points is simply allowing for the effects of variable

incurvature.

The above rule does very well for a first approximation to the bearing of the
vortex, but greater precision can be attained in certain circumstances. If the

condition indicate that a ship is nearly in front of the vortex, the bearing of the

vortex will probably not be much more than 8 points to the right or left, according

to the Hemisphere, bObause, as before mentioned, the incurvature is ve^ small in
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front of a hurricane. Great care must be taken not to apply this rule to an
increasing trade with a facing barometer, as will he explained hereafter.

In the rear of a hurricane, on the contrai^j the vortex may hear 12 or even
more points to the right or left of the wind, because the wind is very much
incurved in that part of a hurricane. A ship should therefore always then lie-to

till the barometer begins to rise and the weather to improve, otherwise she will

probably run right into the vortex. She might easily scud 10 knots, while the
hurricane might not be advancing more than 5 miles an hour, so that it is very
easy to catch up the vortex. The discovery of this great incurvature is one of the
most important modern developments of the subject.

It used to be thought that if the v^ind increased in force, without changing in

direction, with a falling barometer, a ship must necessarilv be in the line of progres-

sion of the vortex, and that she should run at once. This was owing to the idea

that a hiirricane was an isolated disturbance. •

Now we know that if it is only the usual trade-wind which increases without
changing in direction, and with a falling barometer, a ship should lie-to till the
mercury has fallen at least 6-lOths of an inch before she runs as a last resource.

Modem research has proved that a hurricane is usually imbedded in some prevail-

ing trade or monsoon, and that there is therefore a belt of intensified trade-wind

outside the true storm-field. This belt is always on the side of the hurricane

furthest from the equator. A ship in this belt experiences an increasing trade with-

out change of direction, and with a falling barometer, though she may be far away
from the line of progression of the vortex. She would equally experience an
increasing and unchanging wind with a falling barometer, if she were in the line of

progression
;
but as there is no means of knowing whether she is in the line of pro-

gression, or only in the belt of intensified trade, the empirical rule says ;
* Lie-to till

the mercury has fallen 6-lOths of an inch before beginning to run.’

The old rules for finding which semicircle of a hurricane a ship may be in, and
the old rules for heaving-to in either Hemisphere, are all proved to ne both true and
valuable by modern research. These rules remain as follows : Facing the wind in

both Hemispheres, if the wind changes by the right, the ship is in the right-hand

semicircle, and she should heave-to on the starboard tack. Ii the wind changes by
the left, she is in the left semicircle, and should heave-to on the port tack. If cir-

cumstances compel her to run, she should keep the wind well on the starboard

quarter in the North Hemisphere, and well on the port quarter in the South

Hemisphere.
It IS much to be regretted that the examination papers of the Board of Trade

for master and mates are painfully behind the modern standards of knowledge, and
that in these matters the Germans and other nations are now ahead of England.

The whole knowledge which is required in our merchant service is contained in six

questions, and a candidate is expected to say that the centre bears 8 points, or per-

haps a little more,frqpi the direction of the wind, while no notice is taken either of

the small incurvature in front or of the great incurvature in rear, or of the belt of

intensified trade, where the usual indications of being exactly in front of the vortex

No one should blame the master of a ship for not following the established rules

without the closest investigation, for, as Piddington says, ^ absolute rules are all

nonsense,’ and much depends on the capabilities of a ship, and on the ever-varying

conditions of a heavy cross sea.

5. Beport of the Committee appointed to arrange an investigation of the

Seasonal Variations of Temperature in Lahes^ Rivers^ and Estuaries in

various parts of the United Kingdom *—See Reports, p. 326,
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6 . On the Temperature of some Scottish "Rivers,^

By Hugh Robert Mill, 2>.<8c., F.B.S.B.

Observations were carried on in a number of rivers in diderent parts of Scot-

land) with the result that from January to July 1888 the variations of temperature

were practically identical
;

all the curves showing a series of well-marked maxima
and minima exactly coincident in date and approximately equal in amplitude,

although the actual temperature varied for each stream. The maxima appear to

characterise periods of high air-temperature and slight rainfall over Scotland gene-

rally, the minima period of low air-temperature and considerable precipitation.

The temperature of the water in the Aray, the one stream of the west coast exam-
ined, was always lower than that of the air

;
but over the east coast rivers the

air-temperature was more extreme, and frequently fell below that of the water.

7. On the recent Magnetic Survey of Japan.
By Professor Cargill G. Knott, F.B.S.B,

This survey was carried out during the summer months of 1887, the expenses

of the expedition being wholly borne by the Imperial University.

The object was +o obtain, within as short a time as possible, a general survey

of the whole of Japan. The work was accomplished by two parties, known as

the Northern and Southern Parties. The Northern party was under my own
charge, and its route may be roughly described as a cycle of that part of Japan
which lies to the east and north of a line drawn from Fujiyama north-west to the

peninsula of Noto. Mr. Tanakadate took charge of the Southern party, whose
stations all lay to the west of the line just descnbed. The Northern party took
observations at four stations in the Island of Ezo, and the Southern party made a
trip to Korea and obtained a series of valuable measurements in the neighbourhood
of Pusan.

The Northern party were equipped with a complete set of instruments of the

usual Kew pattern—the dip circle used being one which was kindlv loaned by the

Kew Committee of the Royal Society. The chronometer was cnecked daily by
sextant observations. The Southern party used Mr. Tanakadate’s own form of

electro-magnetic declinometer (described * Proc. R. S. E.' 1884-6), which was also

fitted up for the measurement of the horizontal force by the ordina^ method of

sines. The theodolite, whose base was an essential part of Mr. l^anakadate’s

declinometer, served in its usual form for taking the transits and altitudes necessary

for rating the chronometer and finding the true meridian.
Generally speaking, the magnetic features of Japan present great irregularities,

a fact which the highly volcanic condition of the country would lead us to expect.

The south-western portion of the main island, with the adjapent islands fringing

the Inland Sea, presents fairly uniform magnetic features. The regions where the
greatest disturbances exist are (I) the great central mountain region to the north
and north-west of Fujiyama, and (2) the region included between the 88th and

.

40th parallels of latitude.

The general characteristics of the iso-magnetic lines corresponding to the obser-
vations made are as follows :

—
^The lines of equal dip, of equal horizontal force, and

of equal total force are approximately straight, while the lines of,equal declination'

are distinctly pambolic or hyperbolic, approximating very closely to the general
form of the mam island. Out ox the eighty-one stations at which complete observa-
tions were darried out, a selection of fifty was made

; and the values of the magnetic
elements at these selected stations were combined by the method of least squares
according to the usual mode. Linear expressions in latitude and longitude were
assumed for the dip, horizontal force, and total force ;

and, for the particular case
of the declination, a term was added in the square of the longitude. The latitude
and longitude co-ordinates were referred to the mean station (86° 80^ N. lat. \

137° 9' E. long.).

The mean formula^ so obtained are as follows:

—

tf} and X being the lati^^ude and
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longitude co-ordinates, referred to the mean station, and measured in minutes of
arc

;
and $t H, F, d being respectively the dip, the horizontal force, the total force,

and the declination.

B = 60° 28'-6 + (1-141 ^ - -1666XV
H - -29482 - -0000617 d) - -0000117 X
F -= -46407 + 000094 --000046 X
d « 4° 63'-3 + (-241 4> - -109 X - -000231 X*)'

„ The horizontal and total forces are measured in C.G.S. electro-magnetic units,

and the declination is west.

From these expressions we may find the quantities « and r for the mean
station :—

u

being the angle between a given iso magnetic line drawn eastward, end
the longitude line drawn northward, and r being the rate of change of the given
element per kilometre of distance measured in a direction perpendicular to the iso-

magnetic line. The values of u and r for thtf several quantities are given in the
BUG^oined table, together with the value of the element at the mean station :

—

Mean Value u r

Dip
Horizontal force

Total^orce •

Declination

60° 28' -6

•^9484
•46407

4° 63' *3

80° 23' *6

103° 14' -9

69° 16' -6

29° 19' '6

0' -626

•000034
•000069

0' -149

Kegarding the secular changes in the elements very little can be definitely said.

If we admit the accuracy of Ino’s observation of eighty years ago, that the needle

pointed true geographical north at that time, then the mean secular change during

these eighty years will be about 3'-7 per annum. Gauss’s numbers give 1° 46' W.
as the value of the declination at the mean station of the present survey. Taking

fifty years as the interval between Gauss’s epoch and now, we get again about 3'-7

as the mean annual rate of change of the declination in Japan. Recent observa-

tions, however, do not bear out this conclusion. Thus, if we compare ^as far as

comparison is possible) the observations made in the summer of 1887 with those

’ made during the autumn and winter months of 1882 and 1883 by Messrs. Sekino

and Kodari at their numerous but not very well distributed stations, we find no

evidence of any well-marked secular change of the declination during the interval

in question. There are indications, however, of changes in the other elements,

namely, an average decrease of 2' per annum in the dip, an increase of nearly 0-1

per cent, in the horizontal force, and a decrease of fully 0-1 per cent, in the total

force.

The full details of the survey are given in the second volume of the * Journal

of the College of Science, Imperial University, Japan.^

8. On Beading Electrically Meteorological Insirurtients distantfrom
the Observer} By J. Jolt, M,A., B.E,

An instrument placed in a distant observatory may on this system be con-

trolled by three wires communicating with the home station. The principle on

which a reading is obtained is, briefly, as follows’. The instrument is in circuit

with a rheotome at the home station. One contact on the rheotome corresponds

to a movement over a definite distance;4of a travelling limb on the distant instru-

ment the limb being actuated by an electro-magnet. In the case of the barometer

or thermdmeter, for example, the travelling limb carries a metallic pin through a

definite distance at each make, starting from a known zero position, till finally the

pin makes contact with the mercury in the instrument, when a needle in the home
Station is deflected. The position or level of the mercury is thuS easily computed

from the reading of tlie rheotome or number of interruptions efiected. The
%

* Pree. Moyal Dublin Society

t

vol. iv. new series, p. 168.
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mechanism to be attached to each instrument is very siMple. \ thermometer

fitted with it g^ves satisfactory results.

An arrangement whereby an indefinite number of instruments may be con-

trolled by one light cable of three wires is proposed. It has not, however, been

practically tested.

9. On the Mechanical Conditions of a Swarm of Meteorites, and on Theories

of Cosmogony, By Professor G. H. Darwin, F.B.S.

10. On some accurate Charts of, Kew Corrections for Mercury Thermometers,

% W. K Shaw, M.A,
#

An English thermometer (Hicks,' No. 79915) graduated in the stem to 0®’2 C.

was compared at Kew in the ordinary way in December 1880 to 0*1® 0. at each

fifth degree between 0® and 36®. In January 1882, through the kindness of Mr,
O. M. Whipple, Superintendent of the Kew Observatory, it was compared at each
degree and the readings were estimated to the hundredth of a degree. A similar

comparison was carried out in the same way in April 1888. The errors from true

(Kew standard) temperature are plotted and the points joined to facilitate inter-;

polation. For the t\ ’o sets of more accurate comparisons the curves are soQOothe^

within the limits of possible errors of observation. These two curves are dra\fn

on the same sheet with the plotting of the original compaiison and the juxta-

position makes it easy to compare the curves. During the interval from January
1882 to April 1888 the zero had risen 0*1® C., and, on the usual assumption, the
two corresponding curves should run parallel to each other at a distance reprer

senting that difference of temperature. The general similarity of the two curves

is ver^ fairly exhibited in the diagram, and affords evidence of accuracy and trust-

worthiness of the comparisons upon which Mr. Whipple and his stan are to be
congratulated. A slight divergence from parallelism is, however, clear, as the

curves get gradually wider apart as the temperature rises, the difference at 30®

being 0*17° 0., whereas at 2® it is 0*1® 0. The original rougher comparison
epitomises the more accurate ones in a very striking manner.

Similar results follow from charts for two other English thermometers by
Hicks and for two German thermometers by Qeissler. But the divergence from
parallelism is not shown in the charts of two thermolneters by N^etti, nor of two
by Casella, the curves in these four cases running very nearly parallel, although
there were changes of zero of 0*36® F. and 0*2® F. respectively. In the case of the
German thermometers there was no appreciable change of zero in the interval. It

would appear that the divergence from parallelism is due to the nature of the

glass employed in the construction of the instruments.

11. On an Apparatus for determining Temperature hy the Variation of „

Electrical Resistance. By W*. N. Shaw, M,A,

This apparatus is designed to measure to a high de^ee of accuracy the mean
temperature of a large burette in a water-bath. A Wheatstone quadrilateral

is formed bv joining the ends of a platinum wire about 30 inches long (resistance

about 11 ohms) to those of a platinum-silver wire BCDA. The platinum
wire is bare and the alloy is silk covered, *007 inch in diameter ;

its resistance is

13*5 ohms per metre. At A, C and B, D respectively battery and galvanometer
wires are soldered ;

the lengths of the wires are so arranged that for some tempera-
ture near 16® C. there is a perfect balance indicated in the bridge. The wires are

laid in parallel lengths and disposed upon a strip of pure india-rubber, about thpee-

quarters of an idch wide, in the manner indicated in the figure.' The india-rubber

is painted with a solutibn of india-rubber in benzene and a second strip, similarly

painted, is laid down upon it and the wires are thus completely enclosed^ the

strip contains 18 inches ut each end beyond the junctions of leading wires, eo that
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tho whole length of strip is about 6^ feet, and from the two ends the galvano*
meter and battery leads respectively project.

A very flexible quadrilateral is thus obtained in the form of a ribbon, which can
be wrapped round any apparatus whose temperature is requii*ed.

Since the two wires, which topther form the quadrilateral, have different tem-
perature coefficients, there is no balance except for one particular temperature

;

but the. balance can be restored by shunting either the wire AB or the arm BO
by connecting a resistance-box in a suitable manner with the projecting leads. The
resistance of the shunt required to produce a balance can be employed to indicate

the temperature when the instrument has once been graduated. The graduation

of the apparatus exhibited was made for the author at the Cavendish Laboratory

by Mr. J. W. Capstick, demonstrator at University College, Dundee. The ribbon

was wound round a metal cylinder, and the whole immersed in ice or water, and
a number of readings of the shunt taken at different temperatures between 0° and
28® C. The conductivity of the shunt at different temperatures is very nearly

represented by a straight line cutting the zero line at the neutral point 16*16® C.

The maximum divergence from the straight line corresponds to the temperature

difference of a fifth ofa degree between 0° and 16*16® and to about a tenth ofa degree

between 16*16® and 28®. In the graduation the temperatures are referred to the

Kew standard by means 'of mercury thermometers previously compared at Kew.
The temperature can be read with a suitable galvanometer to about the 600th of a

degree.

12. Fourth Report of the Committee on Standards of Light.

See Reports, p. 29.

TUESDAY, SEPTEMBER 11.

The following Papers and Report were read :

—

1, Joint Discussion with Section 0 on Lightning-conductors.

The President called upon Mr. W. H. Preece, F.R.S., and Professor Oliver J.

Lodge, F.R.S., to open a joint discussion with Section G on Lightning-conductors.

Mr. I^EEOE said it was a most remarkable thing that if they wanted to know

much about atmospheric electricity and its effects they had to go back to the works

of Benjamin FranKlin 140 years ago. Scarcely anything had been done in this

direction since then. Up to the year, 1881 there was not even a code of rules

extant in this United Kmgdom to guide people in protecting their buildings from

the destructive effects of atmospheric electricity. It was proposed in 1878 to

establish a conference of various societies to discuss the effects of atmospheric

electricity and to form a code of rules for the erection of lightningKsonductora.

At the York mteting of the Association in 1881 a report was adopted
;

it was

then published, and was one of the most admirable works that had aver been

collated on atmospheric electricity and its effects.

Now that report was divided into three parts. In the first part was discussed

the purpose which a lightning-conductor was intended to serve. In 4he second

«art there was a statement of those features in Bie construction and erection of the

%htning-conductors respecting which there had been, or was, a differance of

opinion, and the final decision of the Conference thereupon. In the third part
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there was drawn up a code of rules for the guidance of those wh6> erected these

conductors. He might say that that report itself was most decisive and it was
most important. He could not help reading out to them, because it would form

the basis of a good deal that would be said that day, how they defined a lightning-

conductor :
—

*

A lightning-conductor fulfils two functions. It facilitates the dis-

charge of the electricity to the earth, so as to carry it ofi' harmlessly, and it tends

to prevent disruptive discharge by silently neutralising the conditions which
determine such discharges in the neighbourhood of the conductor. To eflect the

first object a lightning-conductor ' should offer a line of dischaige more nearly

perfect and more accessible than any other offered by the materials or contents of

the edifice we wish to protect. To effect the second object the conductor should be
surmounted by a point or points

;
fine points and names have the property of

slowly and silently dissipating the electrical charges ; they in fact act as safety-

valves. If all those conditions be«fulfilled, if the points be high enough to be the

most salient features of the building, no matter from what direction the storm-

cloud may come, be of ample dimensions and in thoroughly perfect electrical

connection with the earth, the edifice with all that it contains will be safe, and the

conductor might even be surrounded by gunpowder in the heaviest storm without

risk of danger. All accidents may be said to be due to a neglect of these simple

elementary principles. The most frequent sources of failure are conductors deficient

either in number, height, or conductivity, bad points or bad earth connections.*

The pari^raph ended with this most decisive'and clear assertion, an assertion that

he was there to defend, and that was that there was * no authentic case on record

where a properly constructed conductor failed to do its duty.’

Now here they had defined the functions of a conductor, and lest it should be
thought that they neglected the teachings of modern theorists he thought it was
only right to point out that they asserted in the Report of the Lightning-rod Con-
ference, ^ We will assume the conductivity of equal lengths and weights of iron in

the case of steady currents of electricity’; and further on they asserted Hhat the

suddenness of lightning discharge modifies the conductivity.’ Now that report., he
might say, was signed by Professor Grylls Adams, Professor Ayrton, Latimer Clark,

E.E. Dymond, CareyForster, D. E. Hughes, Peter Lewis,W.H.Preece, G. J. Symons
and John Wychgrove. He had a great deal of experience in the performance of

lightning-protectors. He personally had under his supervision at that present

moment 500,000 lightning-conductors, and fixed throughout the offices of this
^

country they had their apparatus protected by about 30,000 or 40,000 lightning-

protectors. Professor Oliver Lodge was selected to deliver lectures at the Society •

of Arts. If all the vaticinations of Oliver Lodge were true, the work of this Com-
mittee and the work of the last 140 years would be useless

;
no lightiiing-protector

could possibly protect and no discharge could possibly be led to earth.

Now those were strong assertions. He thought that Professor Oliver Lodge
had in his papers before the Society of Arts, and in his paper published in the
* Phil. Mag.,’ committed certain fallacies that it was now his (Mr. !Preece’s) duty to
bring before them. Now in the first place Professor Lodge assured them that a
lightning--rod formed a part of a flash. Well it did not. Nobody had ever
seen, to his knowledge, a flash of lightning strike a conductor. The ranction of a
lightning-conductorwas to prevent the possibility of its being struck by a flash, and
iritwere struck by an* infinitesimal part of a flash, then ho said that lightning-pro-

tector was not a lightning-protector
;
it had some defect in its construction that had to

be remedied. But suppose it did. Then the lightning-protector would form but a
very small portion indeed of the path of the lightning discharge froni the cloud to the
earth* A great deal depended upon the height of the thunder ctouds. They saw in

text-books ridiculous assertions about the length of lightning flashes. Well, now,
who could measure the length of a lightning flash P There had been several extremely
accurate measurements of the height of thunder clouds. In South Africa Dr. Mann
measured, and his measurements made the height 66,0 feet. But the most accurate
measurements had been made by M. Lacoin, a Frenchman in charge of the Otto-
man telenaphs in Constantinople, and there he made the height of a cloud, there-
fore the len^h of a flifeh, about 326 feet. Well, they bad those two measurements,
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accurate measurements^ he believed ; and during the past summer, amongst the
mountains of North Wales, he saw several thunder clouds, and those thunderclouds
seemed at a height of about 500 feet, and he felt almost certain that the length of
o\ir flashes of lightning did not average more than 600 feet. In consequence of
the researches of Sir William Thomson and also the measurements made by Dr.
Warren De La Hue and Hugo Muller the striking distance across the layer of air

for steady currents in one direction was pretty well known. It was something
like 60,000 volts per centimetre. Now if a flash of lightning were 600 feet long '

and it varied directly as the striking distance, then Oliver Jjodge's measurements
given in his papers would be fairly accurate. But there was every reason to believe

that the strihing distance did not vary directly as the distance, especially for alter-

nate currents that were modifying their conceptions in every direction of the action
of electricity. There was a Mr. Acheson in America who nad been making some
very careful observations on the striking distance across air when currents were^
produced by transformers

;
and there he made out that the striking distance varied

not directly as the electromotive force, but as the cube of the electromotive force.

If that be so then it would follow that the electromotive force forcing a current of
electricity through the air and producing a flash was very much less than they
hitherto had considered it. And again a flash of lightning always went along a

,
path that had been prepared for it. All photographs, as they womd see presently,

gave indications that wherever lightning flowed there some preparation had been
made for its approach.

Next there was an assumption which he considered a fallacy, and that was
that a flash of lightning was instantaneous. Now they all knew experiments
that were made to show revolving wheels

;
the spokes of the revolving wheel

suddenly appeared before them whenever a spark passed, and they most of them
believed that a flash of lightning was really instantaneous. There was no proof of
its instantaneity. What they knew was that the flash was merely a flash of light

that indicated the path. How long that flash lasted they could not tell. But
there were dark and invisible flashes, if they might so call them. There were dark
and invisible charges of electricity, and there were cases on record where people
had been struck and killed underneath trees where no light of any kind whatever
had been seen. But he argued on the non-instantaneity of lightning flashes from
their effects on telegraph wires. Now of course we had spread all over this country
^n enormous network of telegraph wires. Whenever a lightning flash took place

anywhere some wire was sure to be affected somewhere, and wherever lightning

took place it might not hit the wire. It sometimes did. Whether it did or whether
it did*not, it did not apparently make very much difference in the effects observed.
But there they always got currents of sensible duration. For instance, on board
ships, ships had often been struck, especially when their lightning-protectora

were a little defective, and there invariably it had been observed—or rather he
should not say invariably, but frequently it had been observed—that compasses
were turned about, and they went playing about wherever the ship passed through
an electric storm. Now it was quite impossible that the compass of a ship which
had a very slow rate pf vibration could be deflected or turned round unless there-

was a considerable dufation in the flash. However that was a point on which the

photographs taken gave a considerable amount of information, and during the dis-

cussion hq hoped that Mr. Abercromby would give them a sight of some of those

beautiful photographs that he had collected. ‘

Now he went to perhaps the hardest nut of all in the questions before them to

discuss—one that he approached with a certain amount of diffidence because it was
supported by vety high authorities, and that was the assertion that a flash of

lightning^^was oscillatory in its character
; that was, that it did not flow straight

from the cloud to the earth and disperse; that it Went slashing backwards and
forwards, somebody said a million times in a second ; but be was not going to discuss

tliat>—at any rate that that flash went flying backwards and forwards with
considerable frequency. Now he might say at once that that assertion of the

oscillatory character of a lightning flash was based more on mathematical reasoning

than it was on absolute observation. Well, he was not going to say much on the

1888. Q Q
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mathematical part of the question, first, because he did not think it would interest

them, and secondly because he did not think he was quite equal to it himself;

He thought that this theory, beautiful as it was, of the oscillatory character of

a lightning flash must be received with great caution. Now there were several

facte against the theory. There is no doubt whatever that electro-magnets are

powerfully excited for a sensible duration by lightning flashes. They knew that

needles were magnetised and demagnetised ;
they knew that electrolysis could be

produced by lightning flashes. He had pointed out to them that the mariner’s

compass was caused to dy about. Sounds were produced. He had stood in the

telegraph office and he had heard distinctly letters of the alphabet signalled by a

flash of lightning.

Three oscillations were required to make the letter *R.’ He had heard

the letter * C ’ which involved ^four currents. There was a case on record in

the ABO instrument of Wheatstone of the letter ‘Q’ having been made.
Now the letter 'G’ required eight altemations to be made in order to be
recorded. And there were other effects. Hence he said that those durable

effects on telegraphs were contrary to the oscillatory theory of the flash,

unless the frequency of those oscillations were very small indeed
; ,and he said that

there were very great dohbts as to whether it was true for lightning flashes. It

might be true for condensers ;
it might be true for Leyden jars

;
but they were

not dealing with Leyden jars
;
they were dealing with flashes of lightning, which

if they were analogous tO' anything in a Leyden jar they were analogous po the

bursting of the dielectric, and not to the external discharge where oscillations might
occur. Of course they had in a Leyden jar the dielectric, with its charges of
positive and negative electricity on each side of it in a considerable state of
mechanical stress ;

and when that stress was suddenly removed, as itwas by a spark,

then it was not difticult to conceive that there might be mechanical oscillations in

the dielectric
;
but he could not conceive that those took place in a flash of lightning

which burst through a mere layer of air. Speaking once more upon oscillations he
must mention to them that they had evidence, distinct evidence, of slow oscillations

in a flash of lightning
;
and he thought the photographs would also give them some

evidence of that. But Professor Elihu Thomson, in America, a very remarkable
observer and one of the ablest men on the other side of the Atlantic, had recently,

during a thunderstorm, by wagging his head about or wagging his glass about,

seen six distinct flashes pass exactly over the same path. They had other evidence
in favour of slow oscillations, but at present they had no evidence whatever of those
rapid oscillations, and if they did not exist then the whole of Professor Oliver
Lodge’s ingenious theory fell to the ground.

On this point he could not help reading just one little c^uotation from Faraday’s
researches, who showed how when a spark flew across an air-space the whole of the
electricity disappeared. He said : ^The ultimate effect is exactly as if the metallic
wire had been put into the place of the discharging particles, and it does not seem
impossible that the principles and action inbotlTcases may hereafter prove to be the
same.’ He thought that that statement of Faraday had a most important bearing
on the theory of electricity.

He would deal with another and extremely important point that Oliver
Lodge had raised, and one of immense value. Mr. Lodge haa given some very
beautiful experiments indeed to prove his case. He took two Leyden jars
and they were charged with a Holtz machine.

Now there were many objections to this self-induction theory. There wwi Ro
doubt whatever that Professor Lodge, in this inquiry, had started an entirely new
and j&esh hare, which they, as electricians, were bound to hunt up, and follow, and
kill. He feJt satisfled that Professor Lodge was on the brink of some discovery in
connection with static electricity. Hfe did not think his explanations were right.

He did not believe in the influence that he assumed of self-induction.

As a fact ^self-induction’ is nsed in innumerable senses and in different

ways. Professor Lodge himself, with all his care, could not avoid speaking of this
self-induction in vafious ways.

Now, as he had said, Professor Lodge had made a discovery—^he (Mr. Preece)
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did not know what it was, hut in being possessed of this mania he might call it

self-induction—he had had self-induction before his eyes and seen nothing else, and
consequently had not studied Professor Poynting’s paper to the advantage that one
would, expect. If he had studied Prof^sor Poypting's pa.per (who shows that

energy passed through the dielectric and not through the conductor) he might have
applied that principle to his experiments and proved with equal satisfaction to

himself that the peculiar effects that he produced were due to something or other

in the dielectric. But he was not sure that he would not find On further inquiry

into the matter that there was something between the dielectric and the conductor.

They knew that a conductor in contact with a dielectric in contact with air was
subject to an electromotive force. They knew when a row of people, for instance,

were collected together and a spark was passed through them those who suffered

were the two end ones. There were several instances on record where horses had
been ranged in a row, and the two extreme horaes had been killed and the inter-

mediate ones not touched. That showed that there must be some effect between
the surface of the terminals and the air, of which at present they were ignordit.

He thought that that was a point that deserved experiments. Wires could be
obtained coated with various dielectrics. He could supply Professor Lodge, if that
gentleman would continue his experiments, with any quantity of wire covered with
gutta-percha, with paraffin, or with any other compound that was in the market.

Then, again, there was nothing analogous to the transformation of energy in those
experiments of Professor Lodge. Let his explanation be absolutely true

;
let there

be self-induction in those alternative currents—he could not conceive from analogy
of any single effect of self-induction that would cause the electromotive force

between those two balls to increase from 100,000 to 140,000 volts. Tl^ey had to

account for a great increase of electromotive force. Professor Lodge indicated in

his paper at Section A on Friday that a spark of one inch at a distance of three

yards increased to (he thought) fourteen inches. There they had an increase of
electromotive force that would be something like an increase from 100,000 volts to

1,000,000 volts, and they could not account for that by any known phenomenon
connected with self-induction.

Well, those points, he thought,' rather-:tended to shake one’s confidence in the

oscillatory character of lightning, and in the influence of self-induction in deter-

mining the efficacy of lightning-protectors.

The next fallacy of Professor Lodge that he wished to touch was one where he
asserted that a lightning-protector protected no area whatever. If a lightning-

protector raised above that building did not protect an area around and about that

building, what earthly use was there in a lightning-protector ? Well, they knew
from evidence in the" Report of the Lightning-rod Conference that areas were
protected, and he had in a paper in the * Philosophical Magazine ’ worked that out

in a way that he thought could scarcely be controverted. Again Professor Lodge
asserted that extended points were needless; Well, their Report on the Conference

said that extended points were necessary. Of course those two opinions were
diametrically opposed to each other. The Conference placed their stand upon the

experience of the past, and Professor Lodge placed his stand upon his mathematical
assumptions. . /

Next as to iron. Professor Lodge advocated iron now; so did he. But he
found on November 3, 1887, in ^ Nature —only last November—Professor Lodge
says : ‘ A lightning-conductor j^ould not be a round rod, but a flat strip, or a
strand of wires with the strandsaswell separated as convenient, and though I have
not mentioned the special effect of iron I may as well say here that iron is about

90,000 times worse than copper.’

He had said something about mathematical developments, and he thought that

one of the serious errors committed by those who relied on mathematical develop-

ments was that of hasty generalisation.

He had always held the belief thAt* they would sooner or later trace an electric

current to be a mere vibration, a mere oscillation of the m^ecules that composed
the mass of their conductors. He carried out in Dr. ^Varreii De La .Rue’s labora-

tory a series of the most brilliant experiments with his great battery deflf^rating

Q Q 2
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pieces of wire, and' those pieces of wire were laid flat between white paper, and tlw

result of the deflagration showed upon that white paper. There they had a distinct

indication of waves—that the passage of the current through the conductor burst

in the form of waves. Professor Hughes, one of their best experimenters, one of

the most marvellous men with his fingers,’had been working steadily together with

himself. The notion that they had gone upon was that in order to account for

heat, in order to account for light, in drder to account for electricity, and in order

to account for the difficult crux of the whole question of the duality of electricity^

they would have to prove that the result of the motion in an electric current was
spiral, that it was of the character of a right- and left-handed screw. So that

when they had it going in one direction there was positive electricity, and when it

was going in the other direction there was negative electricity. He threw that

out as a suggestion which deserved to be worked out.

He said, in conclusion, that he had done all that he possibly could to prove that

the position taken up by the Lightning-rod Conference was the true one. He had
sibwn Professor Lodge’s conclusions to be in some respects fallacious. No doubt
Professor Lodge would say that they were not. He (Mr. Preece) felt satisfied of
this, that whether the result of the discussion were to establish the truth of the

position taken up by the Lightning-rod Conference, or whether Oliver Lodge were
right, at any rate the discussion would have had this advantage, that* it

would bring to their minds what they were all anxious to see—the true theory

of electricity.

Professor Oliver Lodge said he must in the first place confess that he had
nothing whatever like the experience of Mr. Preece to base his statements upon.
There was not at present e.ven a lightning-conductor to the college in Liverpool

with which he happened to be associated. He had asked them to put one, but
liglitning-conductors at present seemed to be so expensive that the answer bo
generally got was that it is cheaper to insure.

It was perfectly true that if his views were correct very few buildiilgs are
effectively and thoroughly protected at the present time

;
but then, also, if they

were correct, lightning-conductors would in the future be bought for, he was going-

to say, as many shillings as they are now bought for pounds
;
but, at any rate, they

will become much cheaper ; and that of itself would be no slight advantage if, of
course, they are equally effective.

Mr. Preece began by saying that there is no authentic case on record of a
properly constructed conductor failing to do its duty. He had read carefully that

report of the Lightning-rod Conference to which Mr. Preece drew attention, and
‘there he found a large number of entire failures. There was one very noteworthy
one which was often quoted—a brass rod, an inch thick, on a steeple in Italy, which
was smashed all to pieces arid the spire destroyed, the flash being seen, he believed,

by a number of people. There is a heap of other cases. In his lectures this spring
he quoted, as the best protected building in the^ world, the H6tel de Ville at

Brussels, on which M. Melsens had spent so much time and trouble. It was
elaborately protected

;
it was protected by innumerable conductors with admirable

earths xnade in a variety of ways, bristling with points all over the top—every-
thing being carried Out in the most approved style, regardless of expense. But m
the month of June that building was struck, and it was set on fire. The fire was
put out. He was sorry he did not know more particulars. The particulars had
not been published, but he thought they ought to ||e published, because that was a
building the protection of which had had hooka written about it. M. Melsena
himself wrote a book about it. It should be very instructive to ^nd out, when a
thorougUy protected building was struck, how and why it was done, and what
damage was done, and all about it. But he did not think, although he spoke from
a limited experience, apart from reading, that it could be said that existing conduc-
tors never fail.

Then Mr. Preece had a hit at him wher4 he admitted he had the advantiq^e. Mr.
Preece quoted an entirely erroneous statement which he made. But he (the speaker)
had not introduced that as a statement of a mathematical calculation or anything ^

it wM the merest parenthesis thrown in, and it was very hastily done. Of course
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oae ou^ht not to do those things, but still if one wrote much one was very apt at
43ome time or other to make very hasty statements. When the Society of Arts
asked him to give a lecture on lightning-conductors he thought to himself, * Yes, X
will tell them about induction,’ because he knew that the Lightning-rod Confer-

ence had not called attention to that nor yet to magnetic inertia or whatever they
ealled it. He had happened to write a paper which appeared, he thought, in
* Nature ’—^he did not know where the quotation made by Mr. Preececaine in—and
in that paper having referred to the magnetic permeability of the two metals, copper

and iron, he had stated that iron was 90,000 times worse than copper. He went
on to say, therefore, that although iron was cheaper it was more difficult to melt,

had a higher specific heat, and in a variety of ways was better than copper, yet in

regard to this electro-magnetic inertia it was enormously worse. But nefore

actually giving those lectures, on again making a few experiments, to his surprise,

he found that, so far from being worse, it was often rather better—that iron, even a
thin wire of iron, carried offthe discharge better than a thick wire of copper. He
did not press the point that iron is better than copper, and he had never said thatSr has more self-induction than iron—that would be a mad thing to say. dt

b happen for some reason or other that the copper obstructSd the current more
than the iron, but he preferred to say that they are just equal.

Now Mr. Preece said that the function of a lightning-conductor is to prevent a
flash from striking the conductor

;
that is to say, that a lightning-conductor never

ought to be struck or it fails. But they are struck because they get melted. Yet
at the beginning sentence Mr. Preece said that they never failed. He did not know
which of these statements was to be taken as correct. If a lightning-conductor can
prevent a flash from occurring by its repellent action well and good, but he had
shown in those lectures that there are cases where a point has no protective action

whatever, when a point could be struck by a thick and heavy flash. There were
other cases where the point acts with a brush or fizz and neutralises the electric

charge without a flash. They could not always do it. And so the lightning-rod

has two functions, one is to be repellent if it can and the other is to carry off a flash

when it cannot help receiving it. But they must remember that a flash, at least

that the electric charge, has a certain amount cf energy, and that has to be dis-

sipated somehow. It was not a question of a certain quantity of electricity to be

conducted to earth and then there was an end of it. There must bo a certain

amount of energy, they must dissipate it somehow, and they could not expect to

hocua-^etts it out of existence by saying they could conduct it down to the earth*

The quicker they tried to conduct it down to the earth the more searching^ and
ramifying disturbances they were likely to get. It might be better to let it trickle

down slowly by using a moderately bad conductor than to rush it with extreme

vehemence down a good conductor; ‘just as it would be safer to let a heavy
weight suspended in a dangerous position down slowly rather than let it drop as

quickly as possible.

Concerning the length of flashes he wished he had any information, but he had
none

;
it was one of those things which their friends, the meteorologists, must

determine for them. It was very important to know the length of a flash. He
had found it stated in books that flashes were a mile long and perhaps more. Mr.

Preece thought they were only 600 feet long. That was a matter of fact which

could be investigated, but of whic]^ he had no direct first-hand information.

Whether the spark-length is proportional to distance or not he would say that the

experiments with oscillating currents to which Mr. Preece referred were conducted

,
with alternating dynamos between points. Now the area of cloud and the area of

earth ^low it are not points, they are flat.

There the law did not seem to hold, but then it ought not to hold, so that

would be all right. But between flat surfaces it ought. The spark-length ought

to increase with a difference of potential between the two flat surfaces. At the

same time if there were points on the earth’s surface big enough and which in any

fashion could act as points, then of course it would not hold. But the oscillating

current did not appiy as regarded the length of the spark because until the dis-

charge occurs there is no oscillation— it is a mere static change. It is exactly like
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the coats of a Leyden jar which are preparing to spark into one^risther and which

do spark into one another when the difference of potential rises to a certain

maximum and the area is broken down.
Concerning the duration of flashes, that again was a point on which much

valuable work might be done by meteorologists and photographers. He had Men
lightning flashes which certainly appeared to last two or three seconds. He could

not imagine that it was one flash which was doing that
;
he thought it was a series

of multiple flashes succeeding one another yery rapidly. But whether they lasted

long or not there was no necessary argument that they were not oscillatory. The
fact that they deflect a compass needle does not prove anything about it, and does

not prove anything concerning their duration either because a ballistic galvanometer

is deflected by a momentary kick—a momentary blow given to a thing can deflec.t

it, the blow having ceased long before the motion has ceased which it produced.

But there is a difficulty which Mr^Preece did very well to advert to, and that is

the magnetising power of a lightning flash. He thought that was the strongest

point Mr. Preece had adduced. A flash magnetises steel bars, deranges the mag-
netism of a ship’s compass, and conspicuously produces magnetic effects. Now an
oscillating current ought not to produce these effects. An oscillating current with
decaying amplitude is used by Professor Ewing to demagnetise steel, not to mag-
netise it. It ought ndt to magnetise, but it does magnetise them ; therefore how
can it be a current of this kind ? But then the same difficulty would be felt with
a Leyden jar discharge. The Leyden jar discharge is also oscillatory, certainly

oscillatory because it has been seen to be spiral
;
the sparks have been analysed in

a revolving mirror, and yet it magnetises steel needles when sent round them. Lie
did not understand that point himself, but he hoped that Lord Rayleigh might say
something about it. Mr. Preece was quite right in saying that the whole theory

depends upon the oscillations. What he (Professor Lodge) had done, as far as the

theory was concerned, was merely to call attention to these oscillations (which Were
well known in the case of Leyden jar discharges and of which the mathematics had
been worked out) and to point out that they applied^ also to lightning which he
thought had not been much noticed.

What the energy of a flash is he did not know. He wished there were some
means of determining it

;
it would-be very important to determine the energy of a

flash. He would now say a word as to whether lightning was likely to be oscilla-

tory or not—this question of what the resistance or friction has to do with the

energy of the capacity which is discharged. The smaller the capacity the more
likely it is to bo oscillatory—the bigger the electro-magnetic inertia the more likely

it is to be oscillatory. Now the capacity discharged in a flash is small. He said

it was small for this reason, that the quantity of electricity discharged is not great.

It was well known that the quantity of electricity concerned in a lightning flash

was small. The quantity of electricity then existing in the portion of the cloud
that is discharged is a small quantity, but the potential of it is enormous. It is

able to spark 500 feet, possibly a mile—whatever it is able to spark it does spark.
That meant an enormous potential. Now when they had a very small quantity
raised to an enormous potential that meant that the capacity could not be great,

capacity being the ratio of the two. There was no reason for supposing that the
capacity of a condenser discharge in a lightning flash is anything bigger than a
Leaden jar’s, or in a micro-Farad, or things,of that sort, lie would mention as
being perhaps interesting that the radiation of the waves produced by a micro-
Farad condenser discharging from a coil of self-induction one secohm, as Professors
Ayrton and Perry called it—he preferred to call it a 'quod’—the waves producedby
that discharge—the ether waves, waves of light—if it is oscillatory will be 1,200
metres long. They had nothing like that capacity discharging in a Leyden jar,

which has a capacity only, as he guessed it, of 10 metres electro-static units.
Mr. Preece had promised to supply him with covered wire in order to repeat these
experiments on the alternative path. He would have the greatest pleasure in taking
advantage of it.

Then there was the theory of protection of area. Mr. Preece said, ' If it doea
'

not protect the area w4iat is the good of it ? ’ Well, but that was not an argument
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proving that it did protect an area. He knew Mr. Preece’s theory about the pro-
tection of areas because it had been published in the * Phil. Mag.’ The area, as
Mr. Preece knew, was so extremely small that he thought they might almost
give it to him without much argument.

Even then they would not be safe. N6w why did he object to such a bii. of
protection as that? He objected to it mostly because he thought that areas of
protection directed one’s attention to side issues, to a thing which it is better not
to think about because there is no certain area of protection as one could show
in this way. Take another rod completely enclosed in this area of protection
and bring it up near to the lightning-conductor. Now if area of protection
has any meaning, that rod ought be protected

;
but he said that when a light-

ning flash—this was merely an assertion^—stri!:es that conductor they would
most likely, almost certainly, get a spark down the second rod, and it would
take its share in operating to convey the current. Therefore that is not pro-
tected. If a man holds a lightning-conductor when a flash passes down it he will
most likely be killed; and if it passed through—well, he did not know about
gunpowder because gunpowder got blown about. It did not matter about the
earth—about that being a good earth and this being a bad earth—still the same
effect •\^ill occur

;
a spark is likely to occur if the distance be not too great. Ho

said that that is so because he had made experiments in the laboratory after this

fashion among others : he took a rod (which mi^ht be as thick as they pleased) a
yard long and put it in circuit with a Leyden jar discharge, sending discharges

through the rod. ' He then took a Wollaston platinum wire or any other wire, as

flue as possible to make the contrast greater, and arranged it so as to make a kind
of tapping circuit

;
if then the bottom end was arranged so as to be in contact with

the rod and then let the top end be an eighth of an inch away or a sixteenth of an
inch away, then they would have a splendid conductor, better than any lightning

conductor ever was. They would have no trouble about earth
;
they would have

close to it a little tapping circuit, the Wollaston wire which they could hardly see.

It seemed absurd for any portion of the discharge to leave this conductor to jump
across the sixteenth of an inch and to make for the little strip of wire. Neverthe-
less a portion of it did and from every spark that went to the conductor a side

branch went to that little wire.

There was one point where Mr. Preece might Lave attacked him, but where he
did not think that gentleman had made out the full strength of his case, namely,

the question. What are the conditions of a flash ? He (Professor Lodge) had
assumed that a flash behaved like experiments in a laboratory, but it was a question

whether a cloud discharge was of tnis kind. A cloud is not like a conductor
;

it

consists of globules of water separated from one another by interspaces of air
;

it

may be compared to a Spangle jar
;
when a Spangle jar discharges you have no

guarantee that the whole of it discharges, it discharges in a slowish manner. It

may be that there was with a cloud first a bit of a discharge and then another bit,

and so on
;
so that there might be a kind of dribbling of the charge out of it, and

they might therefore fail to get these oscillatory and sudden rushes. At the same
time he did not’ think that they could always guarantee doing this, and it would
not be safe in arranging for protectors to protect for only one case and that the

easiest. They must provide for the possibility of a sudden and actual discharge.

StUl the contritions of actual lightning were to be met by observing lightning, and

not by experiments in the laboratory. Thus they had the momentum of one spark

exciting others
;
he was sure there were multiple flashes. There was a photograph

which Mr. Abercromby had with him, and which he hoped would be shown to tne

meeting, where the flash is breaking the air down in all directions at once. It was
most extraordinary the way in which there seemed to be a rod set up in the air so

that one flash be^an and the whole thing smashed up in all directions. There

a, mint there which could only now just be called attention to, namely, the light

01 one spark assisting others to form. A spark of an induction coil here would be

able to start the spark of another induction coil up in the gallery mereljr by its

j^ht
; if it was closer it would do better but it would do it at a ver^ considerable

distance. When they came to consider the very bright ligj^t of a lightning flash
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this effect must have very important conse^fuences. He. th\ig^t there was no
doubt that once a flash occurs the light of it must make all cohductors in the

neighbourhood, all the air in the neighbourhood, very easily able to break down,
and so may give rise to a multiplicity of flashes from alh4ibe neighbouring points.

That was why he said areas of protecftion were misleading
;

if one flash caused a lot

of others they had better not have the one if they could help it. Therefore he
said, do not run up these great long rods to attract flashes near powder magazines

or anywhere where it is dangerous, but try to avoid them if you can. If there must
be a flash they must be very careful indeed to have all the other conductors

arranged so that sparks along them do not matter, because if one occurred they
were very likely to get the other.

The Hon. K. Abekcromby said he wished to be allowed to contribute to the
discussion some facta which had been brought out by looking at about 90 phcJto-

graphs of lightning flashes in different parts of the world which had been collected

by a Committee of the Royal Meteorological Society, of which he had acted as

secretary. A few of the most remarkable of the photographs he had brought with
him for the inspection of the meeting. In doing so he proposed to coniine his

remarks to such facts only as bore on the discussion they were having that

morning, instead of ranging over the whole theory of lightning flashes.

The first point was, is there any evidence in the photographs of a duplication

of flashes, that is, of one flash following rapidly after another P He thought the
answer to that mint be that there is no certain evidence He had a very remark-
able photograph with him, which might at first seem rather to negative that.

Here there was one very bright flash. In one place there were no less than
three lines which were sorts of doubles of that bright line. In another p?irt of the
same picture they had a thin flash with another flash exactly parallel to it, only a
little bit fainter. For reason® which it was difficult to give without a close

inspection of the original picture, there was reason to suppose that that effect was
due to a secondary reflection from the back of the glass. Although he was far

from denying the alleged phenomenon, he thought they had often seen flashes

come very nearly after each other, yet so far there is no photographic evidence of
a flash coming exactly along the same path; but there is most decisive evidence of
the tendency of flashes to be parallel to each other. He now exhibited a most
magnificent photograph which had just been sent to the Committee from Massa-
chusetts. In that instance the whole air is filled with threads of lightning coming
down like the roots of a tree from the sky. He thought it was very much a question

where the area of protection would be when the whole air seemed to be pouring
lightning down upon you. There were other photographs in which appeared two or
three flashes apparently following pretty much in the same path. Then, connected
with this, there is the inveterate tendency of a lightning flash to ramify. Some-
times they got in a photograph a comparatively smooth line ; at other times it was
like that photograph which he had already shown the meeting. The main flash

seems to 1:hrow out threads in every sort of direction. That would be observed in
an influence machine

;
instead of a spark always coming from one to the other,

they very often saw it begin to go off at right angles, and then Jump away to the
other.

Connected with that there was one thing of which he had not been able to find
any notice in any of the discussions or publications on lightning-conductors, and
that is, what is the effect of rain or cloud on the passage of elec^icity P All
laboratory experiments are taken, of course, in dry air, but every experimenter
knew that the^ dust in a laboratory has a very considerable effect on the discharge
of static electricity. His impression was that when lightning comes down .through
rain or hail, or even through cloud, the continuity of what are called potential

si^aces, and all that sort of thing, must be very much disturbed. The Committee
or the Royal Meteorological Society had collected for this year of very frequent
thunderstorms an enormous amount of material relating to them, including caseS i

where much damage had been done to buildings. So much did he believe in the
disturbance he had mentioned that when the Committee met again he should
suggest to them to sepd out a circular with the object of finding out, if possible^
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whether the buildings were struck during rain or when it was not raining. He
was not quite sure hut that they might learn something in that wa^

There was another point which had been alluded to upon whi^ photography
he thought gave very conclusive evidence

; that is, that lightning flashes are by no
means as instantaneous as they are usually supposed to be. First of all, most
people had seen lightning flashes which to their eyes appeared to last some time;
But the evidence oi the eyes in bright light is a little doubtful, as there are always
subjective effects Pn the retina. They had g large number of photographs bearing
upon this point, and he had brought with him a very good specimen. Lightning
does not jump from the cloud to the air, but it goes meandering about in the air.

It meanders about in the air without very much rhyme or reason, and flies about
in a very eccentric manner. He thought it was perfectly certain that lightning,
wlfhn it was tying knots like that, could not be going with anything which in
ordinary parlance might be called an instantaneous speed. Of course there is no
such thing really as instantaneity. Besides the ordinary flashes of lightning, some
people had seen and everybody had read about what has been called a globular
discharge of lightning, in which a ball of light, about the size of a cricket ball, goes
dancing slowly down the street and eventually discharges. It is perfectly certain

that between that very slow discharge and the quicker discharges which were
. ordinarily spoken of as flashes of lightning there must be intermediate rates of

discharge. There was one point bearing upon this question of the non-instantaneity

of a flash which had been adduced as evidence, but which the photographs in the

{

)os8e8sion of the Committee did not confirm. In fully half of the photographs the

ightning does not cover the plate as a streak, but it is more or less of a banded
nature, something like a ribbon. It had been suggested that this apparent motion
that way might have been due to a shaking of the camera. There was evidence,

—although he could not describe it verbally, it was easy to see it—to show that,

and he could not think that that evidence of the slowness of flashes was not correct.

Only yesterday their distinguished visitor. Dr. Janssen, made a suggestion to him
which he thought furnished additional evidence of the fact. One of their most
remarkable photographs, besides showing three white flashes on the picture, has a
black flash

;
that was a very curious thing. They very early got the idea that

that must be due to the inversion of the photograph, which sometimes took place

from over-exposure. Photographers knew very well that, instead of white coming
out as white, it came out black. It was a well-known peculiarity of plates and
developers, and so on, but they were brought to a stand by the idea that this pho-

tograpn was the only one instance that they hod got, and if it should be over-

exposure they would have a great many over-exposed. Dr. Janssen made to him
the very valuable suggestion that that might be the evidence, not of a peculiarly

bright flash which over-exposed the plate, but of a slow moving flash which moved
80 long that the plate was over-exposed. Of course it was impossible to say much
from one case. He thought it was a remarkably brilliant idea, and he only brought

it before them as a possible confirmation of what they were certain of from other

thi^s.
Then the only other point upon which he would like to speak was not connected

with the photographs, but was a point upon which he would speak as a meteoro-

logist, that was with reference to some remarks of Mr. Preece about the height

oflightning clouds. He had no doubt that Mr. Preece might have seen it over a
sufficient amount of .country. The flashes might come from a cloud only 600 feet

high, but that was a very low cloud, and in the majority of cases they certainly

came from very much grater heights. In that one particularly that he had

already alluded to, from the scale of the picture he was perfectly certtun that the

height of that cloud was considerably over 600 feet. At the same time he might

mention that there was hardly a case of lightning much over ,7,000 feet. When
^y got on the side of mountains much over that he would not like to say too

precisely, but certainly a very moderate height, they always saw lightning below

it. Electrical disturbance of this kind was confined certainly to the lower 10,000

feet of the atmosphere. In connection with the practical bearing of that he might

mention that in Norway they had two kinds of thunderstorms. One occurred in
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tlie summer, he believed, when the lightning clouds were Wgli^aad they got very

little damage 4pue
;
on the contrary, in winter time the thunderstorm clouds were

very low, and the churches were very frequently struck. That, he thought, was
all that he need say*

Lord Rayleigh said he had no special experience whatever of lightning-con-

ductors, and could only speak from a general knowledge of electricity, no doubt to

be applied in this case to very peculiar circumstances, so that everything that stood

upon a merely ci priori foundation should be put forward with very great diffidence,

lie must say, however, that Professor Lodge’s experiments had seemed to him to

be likely to have most important practical applications to lightning-conductors.

He could not see how experiments dealing with the thing of all others most
like lightning that could be produced in the laboratory could fail to have s^^h

an application. Professor Lodge asked one question and he thought mentioned
his (Lord Rayleigh’s) name in connection with it, as to how it could happen
that an oscillatory electric currdVit, that was, say, an alternate electric cur-

rent beginning at a finite magnitude and gradually dying away, could produce
magnetising effects such as they well knew that in some cases it did

;
and he in-

stanced the very opposite behaviour, of slowly dyin*^ away alternating currents in

the experiments of Professor Ewing and of others, in winch such an arrangement
was precisely the one adopted in order to get rid of even the last traces of
magnetism. The question was a difficult one certainly, and he had intended in

fact to make some experiments upon it himself
;
but he was inclined to think that

the explanation might perhaps be sought in a case very much akin to the one
with which they were now dealing, namely, that of the magnetic steel needle which
was magnetised, say, by the discharge of a Leyden jar flowing through a spiral in-

volving the needle. He said the needle itself was a conductor of finite dimensions,

and that during the very rapid passage, and he had no doubt in some cases

alternations of electric current through the spiral, there were induced in the magnet
itself, in the steel needle itself, which ultimately became a magnet, circumferential

currents, which circumferential currents would nrst, at any rate, protect the interior

of theironfrom the directmagnetising action of the enveloping helix. They must think

not only of the action of*the oscillating current in the helix upon the various parts

of the steel needle, but also of the action of the currents developed in the steel

needle itself. He believed it had been well ascertained that at different depths in

such a steel needle they would very often find different degrees and even different

directions of magnetisation. It seemed to him possibly that if that was thoroughly
followed out they would be better able to understand what was certainly the fact,

that a current that was certainly alternating and gradually dying away did never-
theless produce and leave behind it the effect of strong magnetisation.

There was only one other point that had occurred to him which it would be
necessary to mention in connection with the development of atmospheric electricity,

and he would like very much to hear any meteorologists present express their

views upon it. He was reading only the other day a pamphlet by Professor
Swankey, a man who had done very good work in other departments of science,

in which he developed the theory that atmospheric electricity was due to the
friction between water and ice. There was no doubt that many clouds (cirrous

clouds he believed nearly always) were ice clouds, and not water clouds. Dr.
Swankey’s view was that at a certain level in the atmosphere ice clouds and water
clouds could meet ; and that under those circumstances this friction might occur

;

and his view was that the atmospheric electricity was the result of such friction.

He quoted experiments by Faraday on the friction of ice and water, which had a
positive result. But that was, perhaps, not the main question before them. He
would rather hear from some more experienced and practical men, who had be^
at work on lightning-conductors especially, any instances of the kind that
Professor Lodge asked for of actual lailures of lightning-conductors. It seemed
to him that it was only by actual experience of the lightning-conductors that the
question could ever be finally settled. The laboratory experiments might bq most
important as suggestions, but he thought no one would wish finally to adopt any
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system or to change any system of lightning protection without actual experience
upon a laige scale.

Sir William Thomson said ; In respect to the very central diderence between
Mr. Oliver Lodge and Mr. Preece, he mijjht say he thought Mr. Oliver Lodge was
in the American stage with reference to judging the functions of inertia, and Mr.
Preece rather^in the English stage. They call it ‘ keeping our station ’ in England,
hut the Americans called it

* keep going ahead.’ These are the two functions of
inertia to prevent anything from getting into motion, and when in motion to keep
it going

;
and both those functions were plain in this electrical influence. He could

not but think that if Mr. Lodge continued his work he would find the explanation
of the very great discovery that he has made, namely, that iron wire affords a better
disqharger, or an easier path in the circumstances Idr. Lodge had minutely defined,

than does copper. He hoped Mr. Lodge would pursue the investigation, keeping
the circumstances in all respects as similar as possible—comparing, for instance, a
thin iron wire with a thin lead or brass wire of predisely the same ohmic conductivity.

He knew that that gentleman had done a good deal already, but a good deal more
might need to be done, and all that could be done by experiment could be done in

a very easy investigation. The other point Dr. Oliver Lodge very importantly
accentuated, namely, that the energy must be got quit of somehow and some-
where—it must be got quit of either in the conductor or elsewhere. If got quit of
in the conductor, then there must be energy to melt the conductor, and it might
be a positive advantage to have quasi-inertia to keep it oscillating for a time instead

of volatilising the conductor in an instant. He did not hazard that in the slightest

degree as an explanation, but it was certainly something that must be taken into

account in connection with the experimental result which Mr. Lodge had put
before them.

It was interesting to hear about the number of horses placed in a row, the first

and last of the row being killed and the others not touched by a lightning discharge,

which seemed to pass through them all. A very common lecture-room experiment

was to give a Leyden jar shock to a hundred or two hundred students sitting

on the benches, making them all join hands. He liad no doubt that those students

next to the ends of the line experienced the shock much more potently than those

in the middle of the line. There was one very marked influence here, and that was
want of perfect insulation

;
but there was another—self-induction. Self-induction

was now in the air—they thought of nothing else in fact—and some ofthem thought

of self-induction incessantly in these matters. He thought that the extent of self-

induction might be tried, and that it would be a very interesting experiment. He
thought they must also try this same experiment with as nearly as possible similar

insulation with a number of people spreading out in a large circle. Then the self-

induction would be much more influential in causing the discharge not to keep

through the line of comparatively good conducting bodies. Take the case of

persons ranged in a row taking an electrical shock
;
if the row is zigzag then self-

induction will not have the same tendency to cause the lightninff discharge tq leave

the line of the best conductors as it will have if the conducting bodies are placed in

a wide circuit. Then ho believed the imperfect insulation of standing on the floor

would be much more potent, and he should expect that those who were in the

middle of the row would experience a shock much less in the case of standing in a

wide circle than in the case of standing on similarly good conducting materiiu in a

zigzag row. At all events that would be an experiment worth repeating.

• Mr. Preece had spoken of the impossibility of conceiving of the enormous

augmentation of potential in these actions. Take the word inertia which Mr.

Preece used and the judiciousness of which he fully agreed with and apply it to the

steam hammer and the hydraulic ram. They applied a comparatively gentle force

to a steam hammer until it produced an exceedingly intense action at the blow.

Take a hydraulic ram again, the well-known analogue for getting up a high potential

1^ self-induction in an electric circuit, and he thought they would see that Professor

l:A)dge’8 explanation of the phenomena he bad brought before them was altogether

talid and not very difficult to work out in detail.

Exceedingly interesting questions had been put and remaaks made in respect to
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the oscillatory discharge in ordinary lighting in respect to th^uration of the dis-

charge and in respect to the multiple dashes. He thought *that Mr. Oliver Lodge
had distinguished these more or less from one another. There might be a slow
discharge. Mr. Abercromby had referred to a ball of lightning running about down
the street, and so on. There was a curious description in Arago which Professor

Tait credited (although he must say for himself that he scarcely credited it) so far

as to quote in a lecture he gave at Glasgow some time ago, which described a ball

of lightning as coming in at the window, running about amongst the peo|)le, and
brusning up against their legs as if a kitten was about, and after that going out

up the chimney. This slow discharge by ball lightning had been described

very graphically by many people. He had never seen any description so minute as

that of Arago’s, which he must repeat he scarcely believed. He thought in respect

to the duration that what Mr. Abercromby had called attention to was probably the

true explanation. AVhen people see a ball, as it were, passing along the floor,

going up the wall and out at tlie*window, he believed it was altogether a physio-

^gical aflair. They had been looking in some direction or other when the flash

came
;
at the instant that the flash came there was an intense action on the centre

of the retina, especially if they chanced to see the flash in the sky
;
naturally after

such a startling incident the eyes are moved and the person after seeing the flash

looks about to see what has happened—looks on the floor, looks along the wall,

looks up at the window, and a spot of light follows, so that he believed this mar-
vellous ball of ligh'ining could be seen by every person present going out of any
window that he happened to look out of.

He thought Mr. Preece was perfectly right in speaking of the multiplicity of

flashes of lightning. That gentleman gave some unmistakable experimental and
observational evidence which agreed altogether with what he (Sir William
Thomson) had noticed. The first lime he distinctly remembered noticing it was in

the year 1840, at Frankfort, where he had the pleasure of seeing a great many
thunderstorms. He then remarked what he did not remember noting before, namely,
triple and quadruple flashes frequently, but at such short intervals of time that one
could not but think they were somehow connected, and yet at certainly long enough
intervals of time to allow him quite distinctly to see that they were not one flash

but several flashes. It was impressed upon him then, and had been since—because

he had incessantly seen them since—that, as Mr. Abercromby had said, it did not

appear to be a repeated repetition of flash along one and the same course, but a
succession of connected flashes—a sort of breaking down all over the line—all over
the place. One flash causes ever so many others : it is something like setting up a
set of toy bricks or soldiers—tumble down one of them and there is a commotion
all along the line, with a very sensible time interval. He thought something must
be allowed for sound iu this case. The light of one flash tends to produce another
flash. If there is a flash just ready to take place between two knobs here, a
flash there will cause it to pass, according to an experiment .which Professor

Schuster had given in his work, which had been a great deal referred to. As for. the

fact of lightning tending for the moment to make air more easily broken by the
flash, it seemed that the very fine vibrations in .light actually put the air into a more
disruptive condition, or rather a condition that is more easily disruptive than air

which is not agitatedby light. That would not account for the time interval between
the different flashes which were spoken of by Mr. Preece, and which he had himself

repeatedly noticed. He thought there must be something in the velocity of sound—^the velocity of the propagation of sound in the air. It seemed not improbable—^he would not say improbable, for the first flash does produce certainly a tre*

mendous disturbance in the air—a tremendous disruption of air probably causing a
very perfect vacuum in the place of the flash and the shaking together of the air^

He thought they could not account for it otherwise than by supposing a crack in

the air suddenly filling up and producing an exceedingly sharp elastic disturbance.

It is quite .possible that that elastic disturbance coming at a time nearly ^ual to the

ordinary velocity of sound to another place where they are in a state ofhigh tension,

read^ to break down, causes it to break down. Thus it may be that one flash causea

considerable numbers of others to spark at an interval of a quarter of a second, or
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half a second, or one second from its initiation. This was a thing that might .be

experimented upon. Referring now to the photographs he observed that there was
a great multiplicity of flashes shown in one of them. There were three flashes

on one photograph, and one a great distance at the side-—he supposed a mile or so
at the side the distance probably would be. Query : Were they simultaneous ?

Perhaps Mt. Abercromby ipight say.

Mr. Abebcbomby ; We have no evidence
;
the photographs were sent to us

without any particulars.

Sir William Thomson, continuing, said that the subject was always a most
interesting one, but as it was now coming within the range of experimental inves-

tigation (which it could not be before the photographing of flashes of lightning was
practised) he thought it would be worth while now to make experiments distinctly

to ascertain whether such a group of flashes as that is or is not simultaneous.

There are some interesting points with regard to the magnetisation of steel

needles by a helix in which there are electric oscillations which have been spoken
of by Lord Rayleigh. If he remembered right Riess experimented on the subject

some time prior to 1864. Riess (if he remembered right—and he was pretty sure

he did remember right in this respect) found that when a Leyden jar was dis-

charged through an insulated wire wcmnd up in a helix in the ordinary way steel

needles are sometimes magnetised in the direction that would be expected and
sometimes in the contrary direction. He believed, as Lord Rayleigh had said,

that experimenters have actually found differences of direction of magnetisation in

different individuals of a group or bundle of steel wires thus actuated, thus ex-

posed to this kind of magnetising action. If they had a very powerful current

going in one direction, a current of half that strength going in the opposite direction,

a current of a quarter the original strength going in the flrst direction, and so on,

then they might expect the medium to be left magnetised by the current going in

that one direction extending to the last time it had magnetising force enough to

reverse the magnetism of the needle. So that he thought by experimenting upon
Riess’ old experiment with the same degree of electric magnetic inertia in different

successive cases but different degrees of resistance, and therefore different rates of

"extinction of the oscillation, probably full explanation and investigation of them
might 1^ made, and they would understand how it might be magnetised in one

direction and in the opposite direction. He was afraid that he was occupying too

much time, but there was just what seemed to him rather an important point with
reference to the protection of buildings. It was rather disturbing to find that a
lightning-rod has so little protecting power as Professor Lodge had pointed out to

have been proved by experiments. With reference to this distinction between iron

and cbpper he would like to ask Mr. Preece whether he had experimental evidence

of any superiority of copper. It was an exceedingly difficult question, but Mr.
Preece had told them that his experience generally is that lightning-conductors

are efficacious whether they are copper or iron conductors. There are certainly a

great many iron conductors and he (Sir William Thomson) did not know of any
experiment which proved that they were less efficient. On that he could not say

anything certain at the present time. As Professor Lodge himself had pointed

out, experiment after experiment must be gone through before they could say which

it would be safer to recommend for lightning, whether iron or copper. There was
one point upon which iron has greatly the advantage, that is, that it .takes a great

deal more heat to melt it. If they were to compare the cost of iron and copper

they would have four or five times as great a mass of iron for a given sum. Take
also the higher melting-point of iron and then they would see that for the same

expense upon a lightning-conductor they would allow for the consumption of a

great deal more energy within itself without destroying it by using iron than by
using copper

;
but then the question of self-induction bearing on magnetisation

must be considered before they could say for certain that in all circumstances an

iron lightning-condiictor is as safe as a copper one. He ^thought that the one

moral, the one conclusion, which could be draVn from all this was, that a sheet-

iron house with sheet-iron roof and sheet-iron walls and sheet-iron floor is the very

safest place that we can possibly be in, or that gunpotvder can possibly be in, in a
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thunderstorm. Here he might say something which was jperliaps’ absolutely wron;

but he would hazard it. The subject was full of pitfalls, and one could scarce]

open one’s mouth without putting one’s foot in it in speaking of self-induction <

magnetisation of iron and of discharge, but he would yenture to do so. He woul
say that the magnetisability of the iron seems in this case rather to prevent tl

danger—rather to prevent the current coming into the inside than to facilitate i1

coming into the inside. He thought he might quite ‘safely say this, that withi

an iron funnel—a long vertical iron funnel say—and within a copper verticc

funnel the interior would be protected in the case of the iron funnel by the mag
netic susceptibility of the iron ; whereas in the interior of the copper funnel ther

would be no such protection, although in each case there would be a very poten
protection from the conductivity of the metal. However, he thought that wit!

what Dr. Lodge had put before them they knew quite enough about iron to sa;

that an iron building will be as sarfe as safe can be—as safe as science can make il

He thought it was rather an important thing for powder magazines that the rul

should be no lightning-conductors at all, but iron roof, iron walls, iron floor

wooden boards over the floor naturally to prevent people setting Are to the gun
powder by walking over sheet iron, but a complete surrounding of iron

;
and the:

that might be placed on a dry granite rock,- it might be placifd on glass, it migb
be placed on anything they pleased, it might be placed over water—no matte
what the surroindings are, the interior will be safe. He thought that was •

somewhat important practical conclusion that might safely be drawn from thes

electrical oscillations and mathematical calculations of which they had heard a
much.

Professor Bowlat^p, referring to Professor Lodge’s experiment and the photo
graphs exhibited by Mr. Abercromby, said the question seemed to be whether tha
experiment actually represented the case of the lightning. For himself he wa
very much disposed to think that it did not. In Professor Lodge’s experiment th
whole of the circuit between the condensers was a material of copper and iron

whereas in the case of the lightning the greater portion of the flash was in the aii

and therefore it might be an entirely different phenomenon in the ca6e of the light

ning from what it was in the case of Professor Lodge’s experiment. Furthermore
he was not entirely disposed to think that the length of the spark was an index o

the resistance of the conductor in that case, for the reason that they did not knor
what the length of the spark was when there was an oscillating electro-motive for©

acting on it. He was not disposed to say that the discharge would take place a
the first moment ;

there might be considerable oscillation, and finally the air migh
break down. The oscillation might take place before the spark went, in whicl
case the length of the spark might not be an index altogether of what they*migh
call the temporary resistance of the conductor to the passage of th© spark, and th
presence of iron might change th© time of th© oscillation in some way, so that i

might give a different length of spark in that case from what it did in the copper

But he thought the fact should be remembered that in the case of th© lightning th<

greater portion of the spark was in the air which was a very bad conductor, an(

that therefor© the discharge of the lightning might not be oscillatory, but migh
be of the nature of a swing, in which case a solid conductor or a conductor o:

copper would probably be worse than that of iron. With regard to the photo
graphs he noticed many curious phenomena, which he thought shoidd be guardec

against^ He was happy to say that the best one exhibited, which might form the

text of his remarks on the rest of them, was an American photograph, in whicl

case they had the whole plate exposed and the lightning in the centre of it.

did not suppose that all those flashes were taken at once, but that, as Sir Willian
Thomson had remarked, the plate might have been exposed some time and have

severil dischaiges upon it. As he looked ’at that he noticed near the centre th<

lines of dvseharge were perfectly sharp. As he wandered oflT towards the edge h(

saw some phenomena which were very similar to those that he saw upon tho(M

other photographs, which tlierefore he would say were due to the astigmatism of the

lens. For instance, spme sparks were merely an astigmatic image of the true fact

and in the corners and off on the side he saw sparks which were very similar.



TKAKSACTIONS OF SECTION A. 607

M. DE Fonvielle (who s^oke in French) said he was sorry that he had the
honour to be called upon to give his opinion on that occasion, as he arrived in the
room late, hut he would try to glance at some of the speeches that he had heard from
so many distinguished electricians. Sir William Thomson said most eloquently that
Mr. Preece was taking the English sidq of the question, and Mr. Lodge the Ameri-
can side, but he must say that Sir William Thomson had taken the French side and
had proposed a revolutionary system which consisted in the building of iron
houses. He took the liberty, though a Frenchman, to disagree with the great
electrician and to stand with his friend Mr. Preece as an English Conservative of
lightning-conductors. Lord Hayleigh said that mathematicians and physicists should
unite together, but he supposed that he would ag^ee with him in remarking that

Mr. Preece was realising that alliance in a very remarkable manner, as on the one
hand he was dealing with a large’ number of experiments and observations of
nature, and on the other his application of statistics, or rather his calculation of
probabilities, belonged to one of the highest branches of mathematics. The experi-

' ments done in laboratories differed from those which were presented by nature in

regard to their size. On the previous day in that very hall his friend M. Janssen

had proved by his observations on the action of oxygen on light that in many
phenomena there was a coefficient behind varying according to the square or higher

power. They might suppose that in electricity the law might relate accordingly to

some untoiown power, so they must wait for observations of natural phenomena
from the clouds. They were so much more bound to wait because photography
was now coming to their help, and it was impossible to say what were the powers
he referred to until they had seen what photography could do. He would advise

the meeting to delay its opinion until the time when his countrymen had erected

in Paris the Eiffel Tower, which would be'the most extraordinary lightning-con-

ductor in existence, being a thousand feet high, and which would supply unprece-

dented means for observation and experiments. He must, moreover, state that

Paris was practically free from calamities produced by lightning because they had

a sufficient number of lightning-rods erected according to the principles so admir-

ably advocated by Mr. Preece. That was strong evidence that Mr. Preece was
in the right direction, altogether irrespective of any mathematical or physical

question.

Professor George Forbes said:—Let them keep before their minds in this discus-

sion what the question was which they wished to determine. The question had

arisen from Mr. Lodge having come with those experiments to prove that the

views of the Committee on Lightning-rods were erroneous. The Committee on
Lightning-rods had come to a definite conclusion to make a recommendation that

copper should be used for the lightning-rods, and Dr. Lodge 'had come to say that

if iron was not better it certainly was as good
;
and that was the question which had

to be decided. Now Professor Rowland had already said that it was not quite

certain that the experiments which Dr. Lodge had brought forward were perfectly

conclusive on this point. No one could fail to be enormously impressed with the

beauty and the value of those experiments from a scientific point of view
;
but he

thought that it was quite a fair position for Mr. Preece to take up to say that at

present they had not proved the' fact that the conclusions of the Committee on Light-

ning-rods ought to be given up. He would illustrate what he meant in this way.

They had heard once of Professor Lodge’s experiments very clearly put before them

in which they had an alternative path either of copper or of iron. Previous to

those expeiiments most persons would have expected that the copper would have

been a better conductor for the alternative path. Professor Lodge assured them as

the result of his experiments that copper was not the better but was probably the

worse of the two.
, , ,

Now he wished to show them the reason why he thought they were not

. fully able to accept that experiment as sufficing to abolish copper rods for their

lightning-conductors. It was this. In the experiment Professor Lodge had used two

coninsers, and he had used a special case in which there were two sparks pro-

duced beside the alternative path. He asked Professor to tell them what

was the result. He had doubtless tried the experiment when the experiment was
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performed in a much smaller way, and more resemblini^ the conditions which
existed in an actual phenomenon. Suppose instead of using those two condeilsers

they used the two poles of the Holtz machine, or instead of having two pairs of knobs
suppose they used only one pair of knobs. They might connect the poles of the Holtz
machine, if they pleased, with a large battery of Leyden jars, and they would get

all the better effect. The arrangement then was that they got a spark between the
two knobs of the Holtz machine. They connected that by an alternative path and
then they tested to see at what distance it was just possible for a spark to take place.

He wanted to ask Professor Lodge when that experiment was being performed^

whether an iron alternative path or a copper alternative path was the better. The
circumstances seemed to him to more resemble the circumstances in nature than
the arrangement which he had described in his experiment

;
and he thought the

conclusion was that the copper alternative path was the better, which would be an
argument in favour of Mr. Preece’d view.

Sir James Douglass said the few remarks that he had to make upon this

matter were in relation to his experience with a large number of conductors in

exposed stations now extending over about forty years! He might say that his

experience was comforting to the Committee. His experience was with lighthouse

towers
;
and there they had been following out for nearly the last fifty years the

advice of Faraday entirely. For protecting a lighthouse he advised them to start

with the base of a metallic lantern. The conductors were of an inch and a half by
three-quarters half round ; that was to say, the half of an inch-and-a-half copper
bar

;
they were carried down the interior of the tower, on the internal walls of the

tower, with branches from all metal work in the tower. The earth was obtained
by a copper plate 2 feet 6 inches square, buried at a distance of 16 feet from the
tower and about 12 feet from the surface, generally securing damp contact.

At exposed stations at sea the bar was carried down to about 8 or 10 feet below
low-water spring tides so as to be always immersed in the wave. He might
say that during forty years perhaps seven or eight accidepts had occurred, but
no accidents of a serious nature : and in all cases when an accident had occurred
they had been able to discover that it was due to a defect in the conductor.

Generally it had been found due to a mechanic who had been about the station

who had disconnected the conductor and had not properly connected it again.

Therefore those were points which he felt confident were to be got over W
more rigid inspection, and more rigid inspection was now being carried out. Ho
for one would feel that he would be perfectly safe in any tower where this system
was carried out, and where the conductors were properly looked after. Having
them carried down in the interipr of the building they had every opportunity
of inspecting them, and he rarely visited a lighthouse but what he inspected every
connection up and down, and generally tested the conductor with a common lines-

man’s instrument from top to bottom.
There was one practical point on the question of iron versus copper, and it was

this, the rapid corrosion of iron compared with copper. It was (|uite possible

with an iron conductor in an exposed station, where they were subject tq such a
corrosion, no matter what their sectional area might be, if they visited that station

in the course of seven or eight years they would find very little of tha# conductor
left. He had known bars of large diameter corroding at the most rapid rate

possible in this country, and of course it was much more rapid in hotter climates.

He only introduced that as a considerable fact of experience with conductors in

exposed stations.

There was one point that he had omitted to mention, and it was comforting to

Mr. Pfeece that during forty years where those conductors had been carried out on
towers in contact with dwellings only one case of accident had occurred to sur-

rounding dwellings, and there it was due to the imperfection of the conductor in

the tower. The mischief was caused to the dwelling by the imperfection of the
conductor in the tower

;
it was not a case of the dwelling being struck from the

outside,
,

Mr. Stdnbv Walmer, speaking from the point of view of the practical en-
ginefer, said :—Upon the question of iron or copper for practical purpbses, he should
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certainly say tliat iron would not be as good as copper, because, as Sir James
Douglass had pointed out, iron would not stand. It was not only a question of
the weather, but at the top of a chimney—^for instance, at the top of a factory

chimney—the bricks are rea>hot
;
and in the case of iron works and other places

anybody who examined the top of an iron works chimney would see some material

there, some chemical deposit from the chimney, and he did not think that any
iron conductor could live in the face of that, otherwise he would say that there is

ho difference between one and the other.

Mr, Brown (of Belfast) suggested that if one were to use a revolving camera
successive flashes in the same path would be separated on the plate, and it would
be easy to calculate the time interval, knowing the rate at which the camera was
revolving. He had used a revolving camera himself for the purpose of registering,

and he might say from his experience that it would be quite easy to determine the

tenth of a second. In order to investigate the other question as to successive

fl.ashes in different paths, that could easily be done by setting up one stationary

camera to photograph the thing in the ordinary way, having a secondary camera
revolving on a vertical axis, and comparing the photographs.

Mr. Symons said he ought perhaps to offer some apology for speaking on this

subject, but the fact was that it was a thing to which he had devoted his attention

for considerably over thirty years. In fact, as far back as 1869 he was present

at a discussion on lightning-conductors, the one at which Sir William Thomson
made the very remark which had been referred to that day. He dared say Sir

William would remember the remark on that occasion, that when he suggested

to the Glasgow manufacturers to set up lightning-conductors they all said it was
^ cheaper to insure.’ Lord Rayleigh said it was desirable to get the evidence of

practical men. He had nothing to do
^
with the construction or the erection of

lightning-conductors, but all his life it had been a hobby of his own to investigate,

every accident that he could possibly hear of involving damage by lightning
;
and in

that way he had got, he supposed, experience which was certainly not theoretical,,

but it was possibly of some value. Then eventually, when it came to be a question

of drawing up this code of lightning-conductors, he was one of the Committee, and
they did him the honour of making him Secretary, qnd the consequence was he
liad had a great deal of evidence brought before him

j
and he must say that the

impression left upon his mind as the result of the whole of his experience was-

precisely in accordance with that of Sir .James Douglass, namely, that, as far as

they could judge, if people would only put up conductors precisely in accordance

;

with their rules, fulfilling all those conditions, those conductors were absolutely

safe. He had not a sh^adow of hesitation in saying so. He admitted that

accidents had happened now and then to buildings which had conductors, but a
reasonable explanation of every one of those accidents to the best of his knowledge
was forthcoming. They all knew how very much easier it was to produce destruc-

tive criticism than constructive criticism. Professor Lodge’s experiments (and he,

yielded to no one in appreciation of him as an experimenter) were simply labora-

tory experiments after all, and it seemed to him that what they wanted waa
somethiill' on an infinitely larger scale. He was not going to suggest how they
could mak^artificial lightning, so that they might deal with the actual thing
itself, althot^h he must say that the idea had often occurred to him that a great

deal of information upon the subject could be obtained, if upon the summit of

some of those hills which they knew were most frequently struck, a series of inter-

rupted conductors were put up on tall masts where the lightning would pre-

sumably strike, and would strike of course without risk to human Hfe, and they
might thus learn a good deal more than thev knew at the present time. He
certainly did feel most desirous on the one hand that if possible a lightning-con-

ductor should be cheapened and rendered more generally accessible
;
but on the

other hand that they should not simply on the strength (as he said before) of

those laboratory experiments allow to go forth from this ^eat Association that
there was any uncertainty in the protection of the public buildings throughout the
country. It seemed to him that 4 very serious responsibility^attached to those who
would make a suggestion of that nature. They had experience, not only in this

1888. BE
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country, but, as M. de Fonvielle had said, in France ;
they had it in*Germany j^hey

had it in Austria and in the United States on an enormous scale
;
and tens of

thousands were erected and millions sterling: had been invested in the subject,

and he must say that it was with considerable hesitation that he would hear it go
forth from that room that simply on the strength of some laboratory experiments

all that had been done was to be regarded as almost worse than useless. The dis-

cussion had already gone on so long that he should be sorry to enter into many of
the points upon which he had made some notes

;
but there were two or three upon

which he should certainly like just very briefly indeed to say two or three words.

He had forgotten who it was
;
but one of the speakers made, he thought, very

'

justifiahle allusion to Arago’s remarks about the ball of lightning rubbing against

his trousers
;
but as to the existence of ball lightning, or some phenomenon of slow

lightning, he had heard of it from so many hundred of persons in all parts of the

country and in all countries of the globe, irrespective of having on one or two
' occasions seen it himself, that he could not dispute its existence. As for under-
standing it, he did not. He remembered quite well the experiments that were
made—he was not electrician enough to say whether they were correct or not—but
experiments were made at one of the meetings of the Society of Telegraph Engi-
neers by Mr. Varley in which he produced something closely analogous to the
phenomenon of ball lightning. How far that was or was not the exact thing it

was not for him to -ay.

Then with respect to iron conductors. First of all there was, as Sir James
Douglass said, the question of oxidation. He should be told, ^ Oh, it can be gal-

vanised.’ But he knew enough of galvanised iron to know that galvanised iron was
not an everlasting material by any means. And then another thing was, as had
been well pointed out, that the gases coming out from many of our factories were
seriously injurious. With respect to the area of protection, he knew that thera^ was
a little bit of chaff’ about that diagram, but he did know also that he was within
the mark in saying that hundreds of cases had been investigated and that there was
not, as regards the area of protection laid down in the report of the Lightning-
rod Conference, in the whole world more than two instances, and those were a
little bit doubtful, in which anything had been struck within that area of protection.

The attacks all round were alarming. One would be afraid to go to church in a
thunder storm because the conductor on the top of the church would not protect

you. Up to the present time there was not a single case of a churcli having been
kruck which was protected with agood and efficientcond uctor. Churches were struck
every year. What happened ? i^ometimes, as one of their friends said, the
bottom of the conductor was let into a paving stone. Away in South Wales,
at the Cathedral of St. Asaph, they had a conductor laid into a pickle bottle.

Of course if people went into that they would see that it* was stupidity

to allow a country blacksmith to put them up. There was such a thing as
-a properly made lightning-conductor. His friend Mr. Preece, in spite of all

his attention (and he did work thoroughly hard upon that report) had not
thoroughly mastered the report itself. The repor;t suggested that what was called

the upper terminal—that was the extreme top—should consist of a blunt f^oint suiv

rounded at about six inches below the top. by a small ring from whic||| very sharp
needle-points should project. The idea of the Conference in designing that upper
terminal was (he was afraid he did not use proper electrical language l^cause, as he
said before, he was not an electrician) that the acute points, the very sharp needle-
points down below, were to disperse the electricity and act as a preventive

;
but if

a disruptive discharge occurred, if the cloud came lip so rapidly that the points
could not get the potential down fast enough, and a disruptive discharge came upon
the conductor, the absolute top of the conductor was nearly round. And the object
of that was this, that if a disruptive discharge fell upon a sharp point it invariably

melted it. Just going back to one point with respect to the small wires he felt

quite aghast for this reason, that he had been in a dozen of houses which had been
struck% lightning, and almost the first thing that was foundwas that the bells wpnt
wrong, and the fact this, that the lightning as a rule got into the bell-wires

; it

dispersed them in dust, as a brown mark all round the walls of the room and every
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Tvire was gone. If the old-fashioned conductors as thicli as his fingers were to be
replaced by something analogous to hell wires he wondered what was to happen
after the first fiash.

Mr. Tbubman Wood wanted to say one word about two of the photographs.
The so-called black flash, the dark flash, whatever that was, it certainly was not
the result of over-exposure, as had been suggested, because the white flash, which
was presumably on that theory less exposed, overrode the black one. Whereas,
of course, if the black part was a part or the plate which had received most exposure,

the black one would show over the white one. In that other photograph there was
an exactly similar dark line which was evidently the result oi reflection from the

back of the lens, and therefore he thought there could not be the least doubt that
this so-called dark flash was really the result of reflection from the other flashes.

The PrbsidDnt: I think, gentlemen, we have now had a great deal of informa-
tion brought before us, and in order to finish up I will ask in the first place Lord
Rayleigh to make a short statement about the black flash, and then I will ask
Mr. Lodge to give a reply, and then Mr. Preece will have the opportunity of
finishing up with his remarks.

Lord Raylbigh said he would repeat the suggestion that Professor Stokes once
made. He did not think it had ever appeared in print, and he was not quite sure

whether he ought now to mention it, but he was encouraged by Sir William
Thomson to do so. He thought there was no doubt, as Mr. Wood had said, that

the appearance of the black flash did not suggest that over-exposure was the ex-

planation. Proiessor Stokes’ view was this, he thought that under the influence

of a flash the atmospheric gases of oxygen and nitrogen were combined so as to

produce considerable quantities of the oxides of nitrogen
;
that those oxides of

nitrogen formed therefore along the line of the flash were highly opaque to the

invisible rays at the upper limit of the spectruna to which most of the photographic

action was due, and that then when another flash occurred, illuminating tlie back-
ground of the cleud to hide the place where the first fljish had been, the mark of

the first flash was depicted as a black line on account of its opacity to the general

light of the background.
Professor Oliver Lodge said so many things had been remarked and so much

might be said even that had not been commented upon that one must exercise

caution in what one mentions. He must, however, say a few words that had
been suggested by the remarks of the various speakers. Mr. Walker and Mr.
Symons and also Mr. Preece originally had spoken as if he (Professor Lodge) had
especially attacked the report of the Lightning-rod Conference. That he had not

done. He had made great use of the report of the Lightning-rod Conference
;
he

thought that ^ey had done a very valuable piece of work. They had collected

together all dlknner of details of destructions and of failures of lightning-rods.

The whole of the report was bristling with failures of lightning-rods, so that ho
was at a loss to understand—no, he did understand how it is. They said that a
‘ properly constructed ’ lightning-rod never fails, because whenever a thing fails

they always say there is something the matter with it. They generally say bad
earth

;
but why a thing ought to have such an extraordinarily good earth he never

could tell. >What is the difference between one end of the conductor and the

other ? They stuck three points at this end and they wanted a lot of rods at that

end. Suppose it was reversed
;
why they would have the rods in the sky and the

points down l^low. Why should one end have to be treated so very carefully

and. the other end be left to itself? As far as protection is concerned three points

at the top and the three points at the bottom ought to do equally well. Of course

it might be inconvenient to have the ground ploughed up, and you might have
the ground and water-pipes broken if you have not good earth. He said they,!

ought to have a good deep earth. Flashes ought not to spit off from the conductor

to the MS apparatus, nor to explode gunpowder, nor run along gas-pipes and pla^y

the fool dancing along any part above the earth. It did not do that because it

met with obstruetiop and impedance—he did not care what they call it, a spurious

resistance—they might use tne word resistance if they liked^ but it was not what
they ordinarily called resistance, it was like inertia. It was like having to move

B B 2
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a great weight
;
there is no resistance to its motion, you may knoclc^ii about with

a hammer and expect it to fly'to the other .end of the room, but it does not moye,.
although you may knock the hammer to pieces and do a great deal of damage to it.

That was the kind of obstruction that was met with in the lightning-conductor.
As regarded the failures of properly constructed lightning-conductors he wanted to
know from Mr. Symons (there would be plenty of opportunities for continuing
this discussion in print) why had M. Melsen’s Hdtel do Ville at Brussels got set

on fire by a lightmng flash ? because if anything is well protected and admirably
and thoroughly protected according to orthodox principles that building was safe.

He (Professor Lodge) thought it was protected too. When he spoke of ite not
being completely safe he did not mean, and he never thought oi meaning, that
lightning-conductors are of no use. They are of very mpch use, but they may
occasionally and he believed do occasionally fail. M. de Fonvielle spoke of the
great exppience Mr. Preece had and also of the great experience that they
had had in Paris with all manner of conductors

; for lightning-posts and thinge
like that they did not fail much. But then a lightning-post and an obelisk and a
lighthouse even are^ the easiest possible things to protect

; there is just the. one
column and if you stick one protector down there is not much chance of its splitting,

or of its doing much damage to anything else. In the Monument of London the
handrail of the staircase, he believed, is the lightning-conductor

;
he did not know

what it would feel like when it was struck
; he dared say it had been struck^

probably in the night when nobody was there, but he believed it had not been
damaged in the least bit. It was not much use to protect powder magazines and
houses where there is escaping gas. If the lightning flash went down near a leaden
gas-pipe it would very likely fuse the pipe, and they would have the house burnt
down. They might not know that the house had been struck, but they would
wake up in the morning and find themselves burnt.

Proies^r Forbes asked him to say why he did not use one pair of knobs instead
of two pairs of knobs to try the experiment with. If Professor ’Forbes tried the?
one pair of knobs he would find that he could not perform the experiment at all

;

there must be two pairs of knobs somewhere.
With these oscillating currents, which are of extremely great frequency (there

are something like a million a second), it is only the outer surface that is obstructed.
It is due to the space surrounding the conductor, and it is not due to the material
of the conductor. It is the tube of the conductor that flies

;
therefore the conductor

docs not get magnetised at all, whether iron or copper
;
the thing does not care

about its permeability, its magnetic properties, or its conductivity much. .The
current is very great even from an ordinarv Leyden jar; the current produced
when discharging is about 3,000 amperes. The current in a lightja^ng flash is, no
doubt, enormous

;
he should think a million amperes for the time iWasts. That it

is very great is shown by the heating powers and the destructive powers thatithas^
only the duration is so extremely small. Hence it is that the impedance is so very
great, because there was a certain amount of ohms, and then there was a tremendous
current, and so they got the tremendous difference of potential at the end and the
liability to spit off. Seeing that only the outer Surface conducts, what is the good
of the ii^ide of^ the rod ? It may have to conduct the heat away, and so prevent
the heating, or it may not have time to do that

;
probably there is no particular

good in it, but if they were going to have a tube they had better have a flat tube,
and it was also better to have a strand of separated wires or have a ^ries of wires
alx>ut the size of telegraph wires. Mr. Preece knew very well that the iron light-
ning-conductors on the telegraph posts protected them, and a house would be pro-
tected in a similar way, and chiefly by putting a great number of common galvanised
*wires up.

^

That was his view, but it was not authoritative. If what he saidWas
authoritative, and would be sent forth as a statement made in that room, ofcourse
he would hold his tongue

;
but of course one simply said that which one thinks at"^

the time. It is found that all the failures of lightning-conductors are due to the
spitting off, are^ due to this high potential, are dud to the init^dauce of it, the
obstruction of it—to ^he faOt that it does not conduct so easily as {they would
expect it to do, and not due to the melting of it. Mr. Symons, in his Lightning'*
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rod Conference Report, gives in Appendix K a list of conductors which had been
melted by the flash, and he apologises for the shortness of the list. No apology
was necessary, for they very seldom got melt^, and if they were to analyse those
Mr. Symons gave they wopld find in every case that the upper terminals had been
melted (as they might have expected) and not the full length of the conductor.
There was only one case, and that was of a bell-wire. When bell-wires were used
then they were melted, bul he did not want wires to be put up which were of the
thickness of bell-wires.

Iron buildings, as Sir William Thomson had said, are practically safe for
powder magazines. They are the safest things that could be made, but even with
them some little care rnust be taken

;
the iron must be in absolutely good connec-

tion all through. If there is a gap left anywhere there may be a spark at that gap.
When an iron building is struck they might have the electricity surging about in
ell directions, and they might get sparks in the most unexpected places and for the
most apparently ridiculous reason. The.gap might be only half an inch long or a
quarter of an inch long, but that would be quite sufficient to light the gas and do
ell the damage. It was that danger in the case of gas and in powder magazines
of having gaps only a quarter of an inch long, and they might get them where they
least expected them.

As regards the possible effect of sound waves he would just call attention to
one little experiment which was not his at all—it was first made by Dr. Guthrie,
but it had been called attention to at the Physical Society afresh and independently
by Mr. Oooke, he thought. They took a discharging Leyden jar, which, as he had
often said, ^ives ether waves of a calculable length. Now this modification of the
experiment had been made by his friend Mr. Chattock. That gentleman took a
little tube like a resonant tube, sprinkled powder in it, and when the spark crossed

near the mouth of that tube it was drawn into it like the ripples in the sand,
indicating that a longitudinal wave had done that. These longitudinal waves were
•extremely short, about a millimetre in length. Sound waves are practically one-
millionth of a light wave. That was evidence of the oscillation. The spark is

subject to longitudinal waves due to vibration sound waves, about a millimetre long,

which throw the sand into ripples. It may be those longitudinal sound waves of
which Sir William Thomson spoke which may from some action or other precipitate

a response in the neighbourhood, though no doubt there are other causes too.

Mr. Preecb said he would not occupy their time much, because there would be
other occasions when the points at difference between them would be argued. He
might say they had dwindled down to a very small thing indeed. As regarded the
question of iron and copper, in answer to Sir William Thomson, most, in fact all,

of those ligh.tning-protectors of which he had actual experience were of iron, and
he had always been, as most of them knew who had read the reports he had
written, a great advocate of iron. He thought the use of copper to the extent to

which it was used introduced a needless expense into the erection of lightning-

protectors. His own impression was that every private house could be thoroughly
protected, according to the recommendations of this Lightning-rod Conference,

lor at most a pound. Anybody could buy a coil of stranded iron rope, and if they
took an iron rope about a quarter of an inch in diameter, with the finial Mr. Symons
had referred to, he believed that they could safely protect their houses with lightning-

protectors for a few shillings, instead of now, where copper was employed,

indulging in the expenditure of a few pounds.

The President said he was sure they had all heard with very great pleasure

this discussion that had taken place, and it was with very great diffidence indeed

that he felt called upon by his position as President rather than by any desire to

do so to say a few words in summing up what seemed to him the result of the

discussion. He was glad to say that he had had no experience of lightning. It

was not an agreeable thing to have anything to do with. However it was most
closely allied—there was no doubt about it—to static electricity, which he had
heretofore looked upon as one of the most beautiful but useless adaptations of

nature, and he noped now that these experiments with what bad TOen called

static electricity would gain fresh interest from the practical applications that
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might be likely to be derived from it. It was very important to bbierve that there

were a number of experiments that bad taken place, especially in connection with

some tramway lines, with telegraph instruments and with telephones with effects

that had taken place at terminal stations at considerable distances from the

lightning which required to ;be investigated, and about which they knew very

little, and which had not been considered very much.
Mr. Prbbce said he meant to point out what Professor Fitzgerald was now

saying, that they had had experience in their telephone exchanges and in their

electric light installations where there was a mere metallic conductor, and their

experience was that in practice it was exactly what Professor Fitzgerald now
referred to, and it was a most interesting point. , .

The President said he thought they were all very much obliged to Professor

Lodge for his experiment, because heretofore he thought there had been little or

no experimental observation of thi§ .particular point, and it was a very important

thing to them, especially if telephones were likely to become of use on a large scale,

that during thunder storms, if they could possibly do it, they should protect people

from injurious effects owing to the presence of the thunder storm, perhaps at a
considerable distance from the person that was using the telephone. It was very

analogous, it seemed to him, to Professor Lodge’s experiments, and they were very

much to the point in that connection. He was inclined to think that the experiment

thatProfessorLodg« had performed was not exactly analogous and in many ways was
^

not at all analogous to a lightning Hash. Mr. Preece had called attention to a fact

that a lightning flash was very much more like a discharge between the plates of

a condenser, much more like the breaking down of the insulation in a* Leyden jar

when it burst through the glass. Mr. Lodge’s experiments had not been on tho

effect of putting a point upon one of the plates of the air-condenser, and ifhe did

make some experiments on it, he thought it would be found there would be a
considerable diminution of sparks.

Professor Lodge; If you have read my paper you will find those experiments
have been made too.

The President said he was afraid he had not studied the thing completely, but
the experiments that were alluded to that day were not exactly analogous.

Professor Lodge : No.
The President, continuing, said he thought it would have been well if they

had been told of experiments which were exactly analogous. There was a question

with respect to the alternation of currents, and he would call Mr. Preece’s attention

to this, that even though there might not be millions of alternations per second a
great many of the effects of the alternating current would be produced by an*

extremely sudden current of very short duration. A great many of them would be
produced by a single sudden discharge of a millionth of a second. It might be
that some of them would not, but a great number of the effects would be, and he
thought also a great number of effects would be produced similar to those that
Professor Hertz had observed, where at a distance from a spark he had observed
electro-magnetic effects. Those might also cause electro-magnetic effects in the
inside ofthe house, due to a spark of electricity occurring outside the house. He
would like to make one other remark. The globular lightning might possibly be
due^ to the dissociation of the molecules of the air, if there be a region of the
air in which there were atoms going about by themselves, combining among them-
selves and producing an illuminating part of the air, the original dissociation of the
atoms having been produced by some electrical action.

In conclusion, he thought the principal thing for them to pay attention to was
that * prevention is better than cure.’ As M. de Fonvielle had reminded them,
there was very little doubt but that the presence of a very considerable number of
lightning-conductors undoubtedly affords a great deal of protection to the area
within which they exist. M. de Fonvielle had remarked that in the city of Paris
they hardly ever had any accidents from lightning. So that it is very desirable
that if possible the whole country should be covered with lightning-conductors in
order that they might have as many points as possible, and thus, as far as they
could, prevent the occurrence of lightning. There was no doubt that when a flash
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occurred it was extremely disagreeable, and that they had better take example by
the old rule that ‘absence of body^ is better than ‘ presence of mind * and avoid
being near a flash if they could.

He* did not think there was any doubt, quite independent of any experiments
of Mr, Lodgers, that, as a matter of experience, lightning-conductors have protected

buildings, whatever the explanation of it is, nor that there was any doubt that we
have been right on the whole in our methods of erecting conductors. Perhaps
there are improvements possible

;
perhaps we might be able to protect ourselves

from those unfortunate discharges that occur in telephones, and so forth but, as a
whole, lightning-conductors have been a great protection to mankind from danger
by lightning. That is undoubtedly the result of our experience.

2. On the Burning hy Lightning of a Magnet on a Generating Dynamo at

the Waterfall on the Bush Itivery County-Antrim ^
"belonging to the GianVs

Causeway and Bortrush Electric Bailway and Tramway Company, By
Anthony Traill, LL.D.f M.D,

I happened last month to be travelling on this line in a thunderstorm. The
electric car was going well, at about twelve miles an hour, when I observed that

the main power of the current suddenly^ left us, and we were with difficulty able,

at a very reduced speed, to finish our journey. On arriving at Bushmills 1 drove

up to the waterfall, on the river Bush, where the electric station is situated,

and there found that one of the magnets of the five-ton dynamo (Elwell-

Parker) had become short-circuited, the series wire and shunt wire having been

fused into each other, and the thick ply of all insulating material burnt up. The
turbine-driver stated that just at the moment of a heavy thunderclap there was a

tremendous flash of lightning all through the room, and' the rupture of the magnet
took place at that instant.

On a former occasion during a thunderstorm there was great consternation

both in the generating -room, where there were great flashes on the brushes of the

dynamo which were burned, and on the car, which was travelling on the line,

where the lightning seemed to play all round the car for some moments, and
especially to flash on the brushes and about the starting commutator which puts

on or cuts off the current from the car. The driver of the car was so alarmed as to

stop the car and jump off, but no injury was done to the car or to the motor
apparatus in it. •

^

Query : Should lightning-conductors be placed at the generating-station and

along the main line P

3. Analyse chronomUrique des Bhenomenes electriques lumineux.

Par Dr. J. Janssen.

Le principe du revolver pbotographique propose par I’auteur en 1874 h propos

du Passage de Venus, et qui a ete applique depuis si neureusement par M. Marey
a I’analyse des uiouvements du vol des oiseaux, pent donner egalement la solution

de divers problemes de physique et de mecanique, et notamment celui ou Ton se

propose d’analyser les circonstances de la propagation des phenombnes lumineux

^ns les etincelles electriques, les decharges, la foudre, etc.

Ij’appareil consiste en une chambre pbotographique portant deux objectifs^ de

m^me ouverture et foyer. L’un des objectifs donne les images sur un disque anime

d*un mouvement de rotation rapide et portant une pellicule photographiquesensible-

Xi’autre objectif donne les images sur une pellicule semblable niais fixe.

Quand I’appareil est en mouvement on en excite I’etincelle, ou bien .si les

etincelles se eucebdent d’elles-memes on ddeouvre un instant les obiectifs.

Deux images se forment ainsi, I’une sur le disque fixe,
.
et celle-ci est I’lmage

normale, tanms que celle du disque mobile sera plus ou moiiw ddformee si le

I

)]^nom4ne ne s’est pas produit assez instantanement pour ne pas etre influence par

e mouvement. *
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La comparaison de cette dernidre image avec rim«|fe\i(H;;male conduita i
reconnaitre et & mesurer le temps 6could pendant la pioductidn successive des

diverses parties de T^tincelle.

^
On n^a ex4cut^ encore que quelques experiences. Elies ont 6t4 faites sur des

etincelles produites avec une bobine de Bhumkorfi'
;
et dejd. on a pu constater que

dans la production des etincelles d. plusieurs branches partant d’un mdme p61e la

production des diverses branches n’est pas simultande mais Successive.

Pour une meme dtincelle mime la manifestation du phlnomlne lumineux donne

'

lieu & des circonstances singulilres sur lesquelles nous aurons & revenir.

Ces experiences seront jpoursuivies. Elies seront appliqules notamment k
reiude des phenomlnes de la foudre. ’

4. Report of the Committee for constructing and issuing Practical Standards

for use in Electrical Mhasurements .—See Reports, p. 55.

5. On Standards of Electrical Resistance. By R. T. Glazebrooe, F,R.S,

6. On the G.G.S» Units of Measurement. By W. H. Pbeece, F.B.S.

It is suggested that the unit of work equivalent to ergs be called the JovXe^

as proposed by Sir William Siemens. We should then have these relations :

—

One joule = 10^ ergs = *24 calorie (gramme-water degree).

One watt = one joule per second *24 calorie per second.

One calorie = 4*2 joules = 42(X)0000 ergs.

One British thermal unit (pound-water degree Fahr.) = 1068 joules >=252

calories.

The inconvenience of making the volt 10® units instead of 10® C.G.S. Units, the
very rough approximation of the legal ohm, and the necessity for some unit mag-
netic field are considered, and it is recommended that the standard of pure copper
should be redetermined, for Matthiessen’s standard is known to be wrong.

7. Electrometric Determination of *v.*

By Professors SirW. Thomson, F.R.S., Ateton, F.R.S.f and Pebev, F.R.S,

WEDNESDAY, SEPTEMBER 12.

The following Reports and Papers were read :

—

1.

Report of the Committee for considering the desirahility of introducing a
Uniform Nomenclature for the Fundamental Units of Mechanics.—See
Reports, p. 27.

2.

Second Report on our Experimental Knowledge of the Properties of
Matter, By P. T. Main, M.A.—See Reports, p. 466.

3.

On the Mechanical Arrangements of the Analytical. Engine of the late

Charles Babbage^ F.R.S. By Major-General H. P. Babbage.

The object of this paper is to give some idea of the mechanical contrivances
employed to govern and control the analytical ei^ne of Charles Babbage. It is
scarcely possible to give in a short space a full abstract of what is already very
condensed. Those who desire further information are referred to a volume of
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about 400 pages now in the press at Messrs. Clowes & Sons’, Ld., containing
nearly all that has been published relating to the calculating machines of Charles
Babbage.

The paper sketches the origin of the engine in 1833-4 and describes the chief
means employed to direct it.

^

1st. The cards which have been already more or less

described. Snd, The principle of ‘ chain/ by which any possible contingency
among many may be provided for. There is a movable block for each event
anticipated, which on the occurrence of the event is moved into a certain position

;

a lever or arm is made to act, so that when the movable block is in that position

it is moved and passes on the motion to something else, effecting whatever change
may be^ desired in the mechanism. If the block is not in that position, the lever

moves in vain. This arrangement is applicable to one or to many events. The
shape of the block may be varied to suit different purposes. This principle is used
to put various parts of the engine into and out of gear automatically. It is also

used in anticipating carriage, which is described* at some length, showing how by
the use of ‘ chain ’ every possible case of carriage in n figures may be mastered and
the whole effected simultaneously, the mechanism indeed presenting to the eye a
sort of picture of each combination as it occurs. A double camb is explained,

which is extensively used for producing intermittent motion required at fixed

times.

The frequent use of counting apparatus of sorts for recording and regulating

the various trains of motion is mentioned, and the advisability of making these

trains as short as possible. and taking a fresh start from the motive power is urged.

Various other details are'more or less alluded to or discussed.

The notations and drawings (of which there is a full list in the forthcoming
volume)L are mentioned, and the system of* mechanical notation ’ used by the inventor

(see Proceedings of B, A. for 1856 at Glasgow) is mentioned
;
an instance of its

practical utility is given, and its being taught in art and technical schools is

recommended.
As regards the report of the Committee presented to the B. A. in 1878, it is

urged that the powers of the analytical engine are not limited to the production

of a * single numerical result,’ but can follow the mathematician wherever he can
point the way, and that its processes (including division) are not tentative except

so far as the mathematician makes them. Some further objections are made to

certain points in the report, which, considering the improbability of the engine

ever being constructed, may be here passed over. It is admitted that the scope

and powers of the design may be very considerably restricted, with the result of

leaving a machine which would still be excessively useful and which would
inevitably lead the way to further progress.

It may here be stated that a piece of machinery working to 29 places of fig^es,

and embodying the anticipating carriage, was shown during the meeting to several

who desired to see it. The anticipating carriage works perfectly, and was muck
admired by those who saw it.

4. On a Modification of Maxwell*s Equations of Electromagnetic Waves.

By Professor H. A. Kowland.

5, On a Photographic Image of an Electric Arc Lamp, prohdbly due to

Phosphorescence in the Eye, and on some Photographs of an Ellipse of
the Moon. By Fribsb Greene.

The eye was exposed to a 2,000 candle lamp, the current was switched off, And

a sensitive plate was immediatelv held before the eye. • Some of the plates after-

wards showed a minute picture of the glowing carbons.

Photographs of the moon were also exhibited which had been taken by what
wad pracucally a Newtonian telescope i^ithout a lens.
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6. On tJie Errors of the Argument of Statist'll (fahles.

By Joseph Kleiber.

The object of the paper is to show that statistical tables and generally tables

^ving the result of observations on two covariable quantities are not invertihhy the

values of the function not corresponding exactly to the values of the argument as

indicated in the table. The correction to be applied to the argument for the inver-

sion of the table may be calculated by very simple formulee. If we have a table

giving a series of values of y for equidistant values of Xj and we take for unity the

distance between two consecutive values of Xf then the true value of an argument
Xi is represented by the integral

c^i + i

I
xf(x)dx • . • » (1)

f{x) being the probability curve of x, which may be approximately found by con-

sidering the distribution of the number of cases, when x had given values .r,, .r ^ . . •

If we have, for instance, cases of x being equal to and the total number of

observations = w, then

«, = n f f{,^')dx .... (2)

From a series of values of » a parabolical expression for f{x) may be- calcu-

lated by means of the formula (2), and this expression being substituted in (1)
gives with sufliciont accuracy the required correction.

Ex.—In the simplest case of three observations being given, corresponding to

the arguments y = — 1, 0, 1, and the number of cases of a; = — 1, 0, 1, being respec-

tively n_i, jIq, Wj, we find for the correction of the value ^ = 0 the formulsB

+ «(, + w_i

if we have for f(x) a linear expression, and

I w, —
^

iff{x') is represented by a parabola of the second order
;
and similar formulae may

be found for higher orders of parabolae and larger numbers of arguments. The
paper will be prepared for publication in the ‘ Philosophical Magazine.’ Examples
of application to meteorological tables will be given in the ‘ Meteorologische
Zeitschrift.’

7. On Geometry of Four Dimensions. By Edward T. Dixon,

In this paper the author begins by pointing out that the principles of geohietry

of four or any number of dimensions might be worked out analytically, even if

they could not be interpreted. He then proceeded to explain how it was possible

either to conceive a fourth independent direction or to graphically interpret

geometry of four dimensions without this conception by regaraing the density of a
solid as a geometrical dimension analogous to length. Thus mass became a
geometrical dimension as well as length, area, and volume, and any equation in
four

^
variables might be graphically represented by a solid body of varying

density.

8. A Suggestion from the Bologna Acaaemy of Science towards an agree-

ment on the Initial Meridianfor the Universal Hour. By Dr. 0.a:s. ToNDlNi
DE QaABENOHI.

In a letter dated June 18, 1879, to the Secretary of State for the Oolonies,
and relating to the chbice of the initial meridian for the universal hour. Sir G. B.
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Airy, Astronomer Royal of Greenwich said : ^ Nearly all navigation is based on the
Nautical Almanack, which is based on Greenwich observations and referred to
Greenwich meridian. . . . But I, as Superintendent of the Greenwich Observatory,
entirely repudiate the idea of founding any claim on this.’ Unfortunately this

advice has not been listened to, and though, to use Dr. Struve’s expression in his

Report on the Washington Conference of 1884,
* a law relative to the uniHcation

of time notation is of less relative importance to the navigator,’ the preference there

mven to Greenwich was almost exclusively based on the argument disclaimed by
Sir G. B. Airy.

A comparison more or less derogatory to the Paris Observatory was also,

unfortunately, transparent; which, of course, could not fail to be unfavourably
resented. The result was that France, which nad propounded the principle of
neutrality or internationality, abstained from voting. The same did Brazil.

Now, as it has been there remarked, any resolution passed without the consent
of France would not answer the scope of the Ooitference.

That things are now no more advanced than before the Washington Confer-

ence is proved by the very message of the President of the United States to the
Congress, dated January 9, .1888, recommending the Government ‘ to take action

to approve the resolutions passed in 1884 and to invite the Powers to accede to

them,’ They are, consequently, not approved yet, nor have the Powers acceded
yet to them.

Moreover, the delegates of the 26 Powers there represented declared, from the
very beginning, that tlioir presence there was only ad referendum^ and could not in

any way bind their respective Governments. What these consequently really

think oil the subject is unknown, and they are still at liberty of giving or refusing

their adhesion. Other Governments not represented at AVashington, say Roumania
and China, may claim a right to give an opinion, which may equally result either in

diminishing or increasing the opposition.

On the other hand, the urgency of the unification of time is every day more
keenly felt, and Mr. Sandford Fleming, its fervent promoter, can now safely rely

on general opinion. ^ All sciences,’ says again Dr. Struve, ^ are in common inter-

ested in it,’ and he expresses even the hope that ‘ it might be arranged to come to

pass in 1890.’

Finally the simultaneous use of more than one initial meridian is acknowledged
not to be without some advantage for science, as stated in M. Caspari’s Report for

the French * Commission de I’Unification des longitudes et des heures ’ (August
1884). It cannot, for instance, be denied that they ofter a means of controlling

and securing the correctness of ‘ Ephemerides.’

For all these reasons, and to prevent the unification of time being indefinitely

postponed for wAnt of agreement on the initial meridian, the Bologna Academy of

Science submits to the British Association the following suggestion contained m a
Note of theirs recently addressed to all scientific bodies represented at the festivals

of the eighth centenary of the Bologna University in June last, viz.

—

’ ‘ That, navigators and astronomers being at liberty to go on using their own
initial meridians, another truly international meridian be chosen for all other

purposes for which the unification of time is required. That, moreover, since

the Jerusalem meridian has already the suffrages of scientific authorities, its

appropriateness to serve as the universal initial meridian be seriously taken into

consideration.’
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Section B.—CHEMICAL SCIENCE.

President op the Section—^Professor A. Tilden, D.Sc., F.E.S., F.O.S.

THURSDAY, SEPTEMBER 6.

The President delivered the following Address :

—

A PART of the duty which devolves upon the President of a Section of the British

Association consists in delivering an address, and the knowledge that a pretty full

liberty of choice is permitted in regard to the selection of a subject is the only

source of comfort which serves to alleviate the onerous nature of the task.

It seemed to me that the time is gone by when an attempt to review progress

over the whole field of chemical science is likely to be useful or even possihle, and
an account of what is being done within the narrow limits of those parts of the
science to which I have been able to give special attention would be ill-adapted to

the character of a speech addressed to the members of the Section collectively.

The fact that at the last meeting of the Association a Committee was appointed

to inquire into the methods at present adopted for teaching chemistry suggested
that, as I had not been able to accept an invitation to join this Committee, I
might make use of this opportunity for contributing to the discussion. The first

report of the Committee will be received with much interest by the Section. As
might be expected, it embodies the expression of many varieties of opinion.

The existence of chemistry as a department of science not merely requiring

the observation of facts that are to be made useful, but seeking in the accumulated
stores of observation to discover law, is a thing of comparatively recent growth.
How chemistry arose out of alchemy I need not remind you, but the connection
between the study of chemistry and that of medicine, and the maintenance of this

connection down to even the present generation, is illustrated by the fact that

a large number' of men who have become eminent as chemists began their career

in the surgery or the pharmacy. Black, Davy, Berzelius, Wollaston, Wohler,
Wurtz, Andrews, and W. A. Miller began by the study of medicine, whilst
Scheele, H. Rose, and the great names of Liebig and Dumas are to be found in

the long roll- of those who received their earliest notions of chemistry in the
pharmaceutical laboratory. Chemistry has been gradually emancipated from
these associations with enormous advantage to both sides. So long as technical

purposes alone were held in view a scientific chemistry could not exist, but no
sooner did the study take an independent form and direction than multitudes of
useful applications of the facts discovered became apparent.

Ft is only within a comparatively few years, however, that universities, in this

country at least, have ceased to deal with chemistry as a kind of poor relation or
humble follower of medicine, and have permitted her to emerge from the cellars of
a museum or school of anatomy and have given her a commodious dwelling in the
fair light of day.

In the old time such instruction in chemistry as was given in the universities

and mining or technical schools seems to have taken the lorm of lectures read by
the prof<^or, and access to a laboratory for practical manipulation seems to have
been a .high privilege accorded only under exceptional circumstances to the few.

We afe. told, for ei&mple, that when Liebig went to Paris in 1823 he applied to
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Gay-Lussac for practical instruction at first without success, and that admission to
the laboratory of the Ecole Polytechnique was ultimately granted him only through
the intervention of Von Humboldt.

In a great many cases the student of chemistry must have been almost entirely
dependent upon private study, though books were scarce and materials more
costly than now. Davy, for example, seems to have had no instruction whatever
previous to his appointment as assistant to Dr. Beddoes at the Pneumatic Institute
at Bristol.

Doubtless, therefore, the recollection of his own early difficulties when seeking
instruction contributed largely to influence Liebig in the establishment of the
laborato:^ in the University of Giessen, and in the adoption of the principles which
guided his teaching there. For the first time in the history of chemistry students
met not merely to listen to the discourse of a professor concerning his own ex-
periments and conclusions, but to examine for themselves the basis of the theories

taught, to learn the processes of analysis, and by independent investigation to
extend the boundaries of existing knowledge.

The fame of the new school spread fast and far, and soon men from eve^ part
of the civilised world assembled to share in the advantages ofiered. The influence

of the new method can be estimated when we reflect that nearly all the now
passing generation of chemists in England and America obtained the greater part
of their training in Liebig’s laboratory

;
and as a large number of them have been

teachers, it may be assumed that they transplanted into their own countries the
methods they had learnt from the great German master.

It was not till 1846, long after the school at Giessen had risen into fame, that

in England a sense of our deficiencies in respect to provision for teaching chemistry
was felt strongly enough to lead to the establishment of a college of chemistry.
At that time the Professor of Chemistry at Oxford was also Professor of Botany.
At Cambridge it was thought praise and boast enough that the occupant of the
chair of chemistry had, during more than thirty years, frequently resided at the
University and every year gave a course of lectures. The Jacksonian professorship

was not then, as now, in the possession of a chemist. University College, London,
had at this period a very distinguished man in the choir of chemistry, but it was
only in 1848 that a commodious laboratory was provided by public subscription,

raised in commemoration of the services of Dr. Birkbeck in promoting popular
education. In that year Fownes was appointed to co-operate with Graham in the
work of teaching, though his premature death soon after left but little time for the
fulfilment of the rich promise of his earlier years. At Manchester John Owens liad

died in 1846, leaving the bulk of his estate for the purpose of establishing a
university in Manchester, but as yet the Owens College was not.

The foundation of the College of Chemistry in 1846 was therefore an event of
supreme importance in the history of chemical teaching in this country ; and though
at the time some dissatisfaction was expressed at the choice of the^ professor

selected to direct the work, who, though a distinguished pupil of Liebig, was not

an Englishman, all British chemists now concur in believing the choice to have
been a most fortunate one. The great majority of my contemporaries having begun,

continued, or ended their studies in Oxford Street, they and all who have come
under Dr. Hofmann’s teaching know how vast was his capacity for work and
how marvellous was the power he possessed of communicating his own enthusiasm

to his pupils. %

Since the time of which I have been speaking the means of instruction in

science in England have multiplied enormously. In University College, London,

founded in 1828, and in Owens College, Manchester, founded in 1861, not only

have chairs of chemistry existed from the first, but they have been occupied by a

succession of chemists of the highest eminence. But long after 1846 thd whole of

the serious teaching of scientific chemistry was accomplished at the College of

Chemistry, and it was nigh upon twenty years before the Manchester school began

to attract considerable notice.

In 1872-3 the movement set in which has resulted in the erection of colleges

for higher instruction at a number of important English and Welsh towns. These,
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together with the pre-existent Queen’s Colleges in Ireland and feie Universities of

more ancient foundation in the three kingdoms, are for the most part provided with
pretty good laboratories and a competent staff. We have also the Normal School

of Science and the Institute raised by the City and Guilds of London at South
Kensington, and its Associate College at Finsbury. England is therefore at the

present time as well provided with places of instruction for the study of chemistry

as any country in the world.

And a very large proportion of the professors or heads of the chemical schools

in the colleges and universities of the United Kingdom have shown by their own
activity in research that they are qualified to give instruction of the highest* kindj

and are ready to train young chemists in the art as well as in ihe theory of their

subject.

*It is therefore no longir true that a student desiring to become a scientific

chemist must needs choose between a single institution in London and another in

Manchester, or must seek the instruction which he cannot get at home in the

laboratory of a foreign university. As an element in a liberal education the

position of chemistry is also considerably in advance of what it was twenty years

ago.

It is nevertheless true that increased opportunities for study, a considerable

supply of capable teachers, and an enormous body of students have not produced
such an amount of original investigation, or even of accurate analytical work, as

might reasonably be expected. 'A full and complete explanation of all the influences

which contribute to this result would be difficult
;
but I think the apparent inactivity

of the chemical schools in this country is not generally the fault of the professors,

but is chargeable in the main to the ignorance, and partly to the indifference, of
the public. There exists as yet no intelligent feeling in favour of learning, nor indeed
in favour of any sort of education, unless there is expectation of direct returns in the

form of obvious practical results. It is this which animates the present popular,

movement in favour of so-called * technical ’ education. That part of the attention'^

of the nation which can be spared from the contemplation of Irish affairs is con-

centrated upon the problem of how to make every little boy learn the rudiments

of chemistry, whether he likes it or not, whilst there are comparatively few people

interested in the question of how to provide means and instruction for those who
are capable and desirous of attaining to a mastery of the subject. Moreover, the

public nave not yet grasped this truth, that, so far as chemistry is concerned, it is of

very little consequence to the great metallurgical and chemical industries whether
the workpeople do or do not know a little chemistry, though it is important that

they should be intelligent enough to obey orders. What is wanted is that every
manufacturer and manager should himself be an accomplished engineer and
chemist, trained to observe, to reason, and to solve problems for himself.

In the case of chemistry this absence of sentiment in favour of concentration

and thoroughness, and the demand for superficiality, if only it can be had wholesale,

tells in a variety of ways. The governing bodies who control the various colleges

and universities, and the public generally, cannot understand that good and useful

work is being done unless it can be shown in the form of passes at examinations.

Though I most firmly believe in the necessity for examinations, serious mischief

begins when they are regarded as the end itself, and not as mere incidents in the
student’s career towards the end, which should be knowledge.

In respect to chemistry this is the disadvantage which attends the operation of
such a system as that of tne Science and Art Department or of any system under
which certificates in connection with individual subjects are granted on easy terms.

Especial objection I also feel to such expressions as * advanced,^ used in reference

to a particular stage, so commonly misunderstood as they are by the student and
his friends, and operating against his further progress.

Eeflect also upon the fact that there are only two or three colleges in this

country which can boast of more than one professor of chemistry. In nearly all

cases one man is called upon to discharge the duty of teacliing classes both
elementary and advanced, in pure and applied chemistry, inorganic and organic,

theoretical and practical. This is a kind of thing which kills specialism, and
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^tbout specialists we can have not only no advance, but no efficient teaching of
more than rudiments.

That teachers ought to engage in research at all is by no means clear to the
public and to those representatives of the public who are charged with the
administration of these new institutions. This was illustrated very painfully a
few years ago by the conditions under which professors were engaged at a certain

college founded, according to the declaration of its promoters, * by the people for

the people/ wherein it was announced in round terms that original research was
not wanted, as the college was * for the good of the many and not for the advantage
of the few.’ This example of ignorance is only remarkable by reason of its

audacity. Probably many people hold a similar view, though few are bold enough
to declare it.

Without going far into the discussion of the general question, which is a large

one, I may perhaps be allowed to offer a few rerijarks for the consideration of any
of my audience who may perchance incline towards that opinion.

It is only when a teacher occupiep himself with research that the most com-
plete guarantee is given that he is interested in his subject and that he is a
learner. A popular mistake consists in regarding a professor as a living embodi-
ment of science—complete, infillible, mysterious—whereas in truth he is, or ought
to be, only a senior student who devotes the greater part of his time to extending
and consolidating his own knowledge for the benefit of those who come to learn

of him, not only what lies within the boundaries of the known, but how to

penetrate into the far greater region of the unknown. Moreover, the man who
has no intellectual independence and simply accepts other people's views without
challenge is pretty certain to make the stock of knowledge with which he sets out
in life do service to the end. That one may be fitted to form a sound judgment
concerning new theories he must be familiar with the methods by whi<;h progress

is accomplished. The work of investigation then reacts beneficially upon the
’*^work of teaching ;

that is why teachers should be encouraged, nay even required,

to investigate, and not because their discoveries may haply prove to be practically

useful.

Of course it may be said that there have been distinguished investigators who
could not teach, but the converse is not true

;
every teacher who has attainec^ to

eminence as a teacher, who has drawn men after him, who has founded a school

of thought, and has left his mark upon his generation, has been an industrious

worker in research of some kind. All teachers cannot be expected to reach the

same high standard, but this is the ideal after which all must strive, or fail utterly.

The fact that there is as yet little demand among schoolmasters for high
attainments in chemistry is another reason why so little is accomplished in ^e
chemical schools. Here again the public is really to blame. It is disgraceful that

in all classes of schools, even where chemistry is supposed to be tauAt, there are

but few places where serious employment is found lor the well-trained chemist.

I could point to several schools, which claim the position of first-rate, where
chemistry is taught by masters who have never studied the subject at all, but

who are, I suppose, allowed the traditional * ten minutes’ start ’ with the book.

Would the head-masters of such places dare to employ a person to teach mathe-
matics who did not know the first four rules of arithmetic, or another to teach

Latin who had not even got through the accidence ? I fancy not. This, how-
ever, is without exaggeration the exact parallel of the position in which chemistry

is placed in the majority of schools. I have heard the excuse that there is a lack

of competent teachers. Of course the demand and the supply will react upon
each other. When you offer a reasonable stipend, reasonable accommodation for

teaching effectively, reasonable leisure for the master’s own studies, and a position on
^e staff not inferior to that ofthe classical and mathematical masters, I believe that

then, but not till then, there will be as many good school teachers of chemistry as
there are of other subjects.

'

I could point to other prominent schools where the chemistry and other
'

branches of science! are taught by a peripatetic South Kei^sington teacher, who
arrives weekly with his box of tricks. Not long ago I was invited to distribute the
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rizes g^ven in connection with the evening classes in a towii not fur from Birming-
am, and I took the opportunity of advising the teachers present on the occasion

to read* One of them said to me afterwards, * When do you suppose 1 can read P

I am eng^d in going round to my schools from nine in the morning till ten at

night.* People of this kind do the greater part of the so-called science teaching

sustained by the Science and Art Department, and the worthy town councillors

and committees who employ them think that these are the people who are going to

help the British manufacturer in his struggle against foreign competition under the
guidance of the highly trained chemists from the German universities. This would
be ludicrous if it were not so very serious.

There is an opportunity at the present time of correcting some of these mistakes,

but^no advantage is being taken of it. I refer now to the * technical schools ’ which
are springing up everywhere. There may be a few competent teachers of chemistry
employed in some of them, but«I find it difficult to think of many examples.

The sort of person who is put in charge of these places is usually a schoolmaster^

Avho is allowed, sometimes even after his appointment, to get a short course of
qualitative analysis in order to enable him to obtain a certificate which will entitle

him to earn grants from the Science and Art Department.

And manufacturers are much to blame. Instead of employing trained chemists

the greater number of those who want chemical assistance are satisfied to engage
the services of boys who have been to an evening class for a winter or two.

The difficulty of finding a satisfactory career in connection with the subject alse

accounts for the fact which 1 fear must be admitted, that chemistry does not attract

its due share of the intellect of the nation. Clever young men can usually do-

better at the law, in medicine, or in commerce than in teaching chemistry or in

manufactures in which chemical skill is applicable. 8o badly educated are many
of the young men who commence the study with professional objects in view that

it is quite impossible to teach them anything beyond routine analysis, if so much.
I heard lately from a friend of mine a story of a young groom in his employ

who cannot read or write, and who declines to be taught to read on the ground
that, considering himself pretty smart, he is afraid that ^ learning might dull him.*

‘This idea seems to be rather prevalent among certain classes of people, but I can
assure those who wish to be chemists that some familiarity with the rule of three,

and such a command of English as will enable them to understand words of more
than one syllable, will be no.obstacle to the acquisition of chemical knowledgpe.

Three years has hitherto been regarded as the normal period for study. The
que.stion arises, Can a young man, previously well educated, expect to become an
accomplished chemist, competent to apply his knowledge usefully, by giving the

whole of his time to study during three years ? I believe not.

By reason of the enormous development of the science the position of the
student of chemistry is nowadays very difierent from what it was thirty years ago.

Since that time we have not only got a few new elements, a matter of small im-
portance in itself, but new views of the nature of the elements and of their mutual
relations. This could hardly have come about but for the recognition of the law of
Avogadro as a fundamental principle, upon which we rely as the ultimate criterion

by which the true distinction between so-called equivalent weights and molecular

ratios has been established. By the gradual evolution of ideas having reference

successively to the electro-chemical relations of elements and compounds, the theory

of types, and atomicity or valency, we have arrived at notions of chemical constitu-

tion nosed upon the hypothesis of the orderly linking together of atoms. Thirty

;

years ago isomerism had scarcely attracted notice, and carbon compounds were only
just beginning to be arranged in homologous series. The general use at the present

day of the language of the molecular kinetic theory shows how deeply this theoiy .

influences our ideas of the internal constitution of matter. Within the period
referred to dissociation has been studied and a vast body of thermo-chemical dato
have been accumulated. And although the larger portion of the results of tb^ .

work BtiU await interpretation, dynamical ideas of chemical action are now gene-
rally accepted. We have also new methods of investigation, including spectrosoopio
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When I began chemistry many of these subjects and others had not been
heard of Of course we had our difficulties, and I well remember the puzzles met
with in the endeavour to refer compounds to their appropriate types, also the
consternation caused in the student’s mind and the confusion in his note-book by
the successive changes in the atomic weights of carbon, oxygen, sulphur, and the
metals. But on the whole there was much less to learn.

It has always been thought essential that a student of chemistry should have
some knowledge of physics. It is now more than ever necessary that this know-
ledge should be extensive, sound, and based upon a good foundation of mathe- <

matics. Thirty years ago a hundred pages of Fownes contained all that was
thought necessary, but no one nowadays could be satisfied* with that. is

now asserted that a vounjr chemist who expects to find a career in industrial

chemistr}’^ should also have learnt drawing, and more important still that he should
have a good general knowledge of mechanics,Mteam, and building construction.

I suppose everyone will agree in adding French and especially German. You see

how the requirements expand.
The iifterence from all this is that it now takes longer to make a chemist than

formerly. This is a point of considerable practical importance.

My estimate that a well-educated and intelligent young man will now require

five years for the study of chemistry and accessory subjects before he is likely to

be of much use will not appear extravagant.

Here one may remark that in qrder to become a chemist it is before all things

necessary to study chemistry. If the greater part of a student’s time is to be
taken up with other things it is not very clear how this is to be done.

A reform all round is wanted. The mathematics, modern languages, and
drawing properly belong to the antecedent school period, and 1 believe the
Institute of Chemistry would greatly promote the interests of the profession if it

would impose upon candidates for the Associateship not only a three years’ course
of training with an examination in practical chemistry at the end, but a severe

examination in mathematics, in the English, French, and German languages, and
perhaps drawing before matriculation or registration. i

A consideration of the present position of the student of chemistry leads

naturally to a review of the methods of teaching the subject. Speaking broadly,

I supjpose nearly all professional chemists who have had the advantage of systematic

training have, up to the present time, passed through very much' the same kind
of course. This consists, as everybody knows, very largely of analytical work,
qualitative and quantitative, preceded or followed by the preparation of a number
of definite ch#nical compounds, besides practice in certain very necessary physical

determinations, e.g.^ relative density of solids, liquids, and gases, melting-points,
' boiling-points, and so .forth. There seems now to be a disposition in some quarters

to depart from this time-honoured curriculum in favour of a course in which the
student is early engaged in some semblance of investigation, and in which he is

encouraged to attack difficult problems, which from their fundamental importance
offer considerable temptation. I venture to express a hope that this will not be
carried too far. Already we are in danger of losing the art of accurate analysis.

One constantly meets with young chemists who are ready enough to discuss the

constitution of benzene, but who cannot make a reliable combustion, .^nd

according to my own experience attempts at research among inexperienced

chemists become abortive more frequently in consequence of de&ient analytical

skill than from aigr other' cause.

One modifiicatiop I should gladly see generally adopted. I think an unnecessary

amount of time is often spent upon qualitative mineral analysis, and an acquaint-

ance with the properties of common and important carbon compounds ought

to^be Acquired at an early stage. Quantitative work might with advantage ^
taken up much sooner than usual. By that, however, I mean serious work in

which food methods are used and eveiy effort made to secure accuracy. I do not

believe in the use of rough methods because they are easv
;
the use of such leads

the student to be satisfied with approximations, which aner all he will learn soon

..enough is all that is possible to man. I am very glad to know that I have the

1688. . 8 s
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support of one of my predecessors in this chair (Sir Henry Koscde), whose opinion

will carry far greatW weight than mine in deprecating premature efforts to engage
students in research.'

But though it does not appear to me to be wise to encourage beginners, without
sufficient experience or manipulative skill, to attempt original work, one of the
best possible exercises preparatory to original work is to select suitable memoirs,
and not only to read them but to work conscientiously through the whole of the
preparations and analyses described, following the instructions given. Many of
Hr. Hofmann’s papers afford excellent examples. So also do the writings of Dr*
Perkin and Dr. Frankland, besides those of many other chemists which could easily

be |elected by the teacher.

An intelligent student, possessing the requisite preliminary knowledge, would
obtain much instruction by repeating the work contained in such papers as the
following, for example:—Emerson Reynolds on the missing Sulphur Urea (* J,

Ohem. Soc.’ 1869—i.) ;
Fittig and Tollens on the Synthesis of Hydrocarbons of the

Benzol Series (Liebig’s * Annalen,’ 1864, cxxxi. 303) ; L. Claisen and Pupils on the
introduction of Acid Radicles into Ketones, &c. (^Berichte,’ xx.)

;
Lal^son and

Collie on the action of Heat on Salts' of Tetramethyl-Ammonium (‘ J. Ohem. Soc.^

June 1888) ;
Thorpe and Hambly on Manganic Irioxide (* J. Chem. Soc.’ Mardli

1888) ;
besides many others, including papers on analytical processes. To such as

these there might subsequently be added the determination of an atomic weight
on the model of one of the best masters, as a discipline which could not fail to be
impressive, and full of instruction.

When chemistry is taught, not with professional or technical objects in view,

but for the sake of educational effects, as an ingredient in a liberal education, the

primary object is to make the pupil observe and think. But with youi^ students

it is very important to proceed slowly, for chemistry is really a very difficult sub-

ject at first, owing to the variety of strange materials with uncouth names. To
reason from particulars to generals is for the unpractised always a difficult process,

and in chemistry this is specially the case. With young students it is, in my
«experience, preferable to adopt a somewhat dogmatic style, which should of course

be exchanged for a more cautious one as the pupil proceeds.

Thus the law of Avogadro can only be given at first as a recognised physical

law, without much explanation, since the full apprehension of the evidence upon
which it rests can only be secured at a late stage of the learner’s progress. There
is of course great advantage in the use of an inductive method u only it is em-
ployed judiciously. Otherwise the result is only confusion.

A number of papers, pamphlets, and text-books have lately appealid, professing

to teach the principles of the science practically and by new methods. Most of these
turn out, upon inspection, to be very old methods indeed, but there is a small residue

of distinctly original character which are sure to attract, as they deserve, consider-

able attention. The systems I refer to provide a series of problems which the
pupils are called upon to solve. According to this plan the student is not allowed
peaceably to examme the properties of oxygen or sulphur which he now sees for

the first time. He must weigh, and measure, and observe, and then infer. All this

coming at once upon the head of a beginner seems to me to be well fitted to drive
him to despair.

I well remember the first experiment in chemistry I ever made. It consisted

in dissolving zinc in diluted sulphuric acid in an evaporating dish, lighting with
a match the bubbles of hydrogen as they rose, and afterwards le|ving the smution
to crystallise. I was about sixteen, and the bubbles of gas as well as the crystals

1 afterwiUkls got interested me very much. If at that time I had been made to

weigh the zinc and acid, and measure the hydrogen with the object of answering
some question about the composition of zinc and hydrogen sulphates, I should have
been pretty mueh^in the position of a boy ignorant of geometry shut up with the
prqposirions of Eimlid ana ordered to give the demonstrations.

1 think when we recall such a fact as that Priestley, who discovered oi^gen in

1774, failed to the ehd of his days to understand the process of combustion, and
% s

*

a •

' See Address to Section B, Montreal meeting.
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actually wrote, in 1800, a pamphlet in defence of * phlogiston,’ we ought not to he
surprised when young people, though born a century later, fail to perceive at once
the full significance of facts to which they are introduced for the first time. At
thb outset you cannot reasonably expect a young student both to observe accu-
rately and infer justly. These two things must be kept separate at first, and for

this reason among others I believe that attempts to make young students verify

for themselves the fundamental propositions of chemistry will not be successful.

One has only to tr^^ the origin of one’s own convictions in reference to any
important fact or principle to perceive that they very seldom spring into existence

suddenly, but almost always commence in vagueness and hesitation, acquiring

consistency and solidity only as the result of accumulated experience.

I will not pretend to determine what may be included within the wide circle

of the functions of the British Association
;
but I think I cannot be mistaken in

assuming that the advancement of science is dependent in no small degree upon
the provision for the efficient teaching of science. I have traced an outline of
what has been done in the past, and have endeavoured to show in what respects

I think we are deficient at the present time. Ko matter how ardent may be the

aspirations, how earnest the endeavours of the few, progress will be slow unless

they are sustained by the sympathy of the many. On one principle the public

must surely insist, that only those shall be allowed to teach who know.

The following Reports and Papers were read :

—

1. JReport of the Oomrnittee for the investi-gation of the action of Light on the

Mydracids ofHalogens in presence of Oxygen .—See Reports, p. 89.

' 2. Second Beport of the Committee on the Bibliography of Soliitioit,

See Reports, p. 54.

3.

Second Report of the Committee for investigating the Nature of Solution.

See Reports, p. 93.

4.

Second Report of the Committee for investigating the Influence of Silicon

on the properties of Steel.—See Reports, p. 69.

5.

On the Study of Mineralogy. By T. Steret Hunt, LL.D.^ F.R.S.

§ 1. Our knowledge of the inorganic kingdom, as seen in this earth, may be
comprehended under geography, geology and mineralogy

;
the latter in its wider

sense including all non-organised forms of matter, with their whole dynamical ^

(physisal) and chemical history. In didactic language, however, mineralogv is

limited to the study of native species, and includes a knowledge alike of meir
external characters and their chemical relations. The so-called natural-history

method in mineralogy, disregarding these latter, is based exclusively on specific

* We use the words dynamics and dynamical in the sense in which they arc

employed by Thomson and Tait in their treatise on Natural Philosophy

y

wherein all

those manifestations of force which arc neither chemical nor vital (biotic), including,

besides ordinary motion, the phenomena of sound, temperature, radiant energy, elec-

tricity and magnetism, are embr^ed under the general title of dynamics, correspond-

ing to what in popular language is designated Physios. Other eminent students of

our time have sanctioned this use of the term dynamics, in which they were to a
certain extent anticipated by Berzins, who in 1842 included electricity, magnetism,
light and heat—aU of which he regarded as affections of matter, and compared
their phenomena with those of sound—under the common termbf Dynamides.

.

(iSee

Hunt, Mineral Physiology and Physiographyy p. 13.)

s s 2
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gravity, hardness, optical characters, texture and structure, including crystallisation

;

while the chemical method regards the results of chemical analysis alone, and mixed
methods consider these in connection with crystallisation, and even endeavour to

take into account other physical characters. The defects of all the metb^s
hitherto devised are obvious, and no system of classification can be complete which
does not assign a value and a place to all characters whatsoever. There exists in

the nature of things such an interdependence of these that a true natural system

can exclude none. To the establishment of such a system, a clearer view of the

nature and relations of physical and chemical phenomena than that generally

received will materially aid us.

§ 2. Matter is susceptible of changes of volume of two kinds :—(1) Those pro-

duct from without, by variations of temperature and of pressure, which changes

are constant and regular. Effecting no essential alteration in species, they may be
called exti'insic or, as the Tesult of external dynamic agencies, mechanical changes.

(2) Those which have been described as due to internal disturbances,* which
effect specific alterations in character. These constitute chemical or what may be
called intrinsic changes, and differ from the last in that, instead of being constant

and regular, they are periodic and subordinated to definite and unforeseen relations

of volume. Intrinsic changes of volume in matter connote chemical as distin-

guished from dynamical processes. In chemical union we have intrinsic contraction

or condensation ('t ariously designated as interpenetration, compenetration, identi-

fication, integration, unification)
;
and in chemical decomposition, intrinsic expansion

or division. These changes may be either homogeneous, involving one species of

matter, or heterogeneous, involving two or more species. The first includes so-

called polymerisation and depolymerisation, which may be described as homo-
geneous intrinsic union and homogeneous intrinsic division

;
constituting what we

have called collectively chemical metamorphosis. Those intrinsic changes which
involve two or more species we have included under the title of chemical metagene-

sis
;
the process being one of heterogeneous intrinsic union or of heterogeneous

intrinsic division. In the former, intrinsic contraction involves volumes of unlike

species, and in the latter, intrinsic expansion resolves a species into two or more
unlike species. The relations to volume of all such changes are most simple and
evident in the case of gases and vapours

;
but the same laws of intrinsic contraction

and expansion by volumes apply alike to gases and to the liquid and solid species

formed by their condensation. In all of these chemical changes temperature and
pressure play an important part, and beyond certain limits the extrinsic or dynamic
changes thereby produced tnemselves provoke chemical changes. These in their

turn are accompanied by thermic changes, the study of which is the object of

thermo-chemistry.

§ 3. All chemically stable forms of matter may theoretically, by sufficient

elevation of temperature, assume, even under the greatest pressure, a gaseous con-

dition
; the more or less dense polymeric vapours thus produced being subject to

intrinsic expansion or depolymerisation on diminution of pressure. By rcauction

of temperature these pass, as may be seen under favourable conditions, through
successive polymerisations, or processes of intrinsic contraction, into liquid (or solid)

species; the passage from the vapour to the liquid being apparently continuous,

^e ideal gas is wholly obedient to the dynamic infiuence of pressure, according to

Boyle’s law, to which the ideal solid is wholly indifferent. These ideal forms are,

however, constant only within certain limited ranges of temperature and preswre,

beyond which even the so-called permanent gases become liquid or solid by mtrinsic

cha^s.

^

Tne regularity of the extrinsic variations in volume for gams and vapours,

within certain known limits, enables us for such bodies to determine their s^ifie
gravity, for which purpose atmospheric air at 0^ and'760mm. is taken as unity. If

for this we substitute hydrogen gas (represented as Hg* 2*0), the lightest Ig^y
known, at the same temperature and pressure, t^ specific weight of an equal

volume of any given vapour or gas, calculated for this standard temperature and
procure, is its equivalent weight, or in the language of the popular hypothesis, the
molecular weight of the species. Extending the same method from normal gases*
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and vapours to polymeric vapours, and thence to liquids and solids, and remembering^
that none of these forms are stable beyond certain ranges of temperature and
pressure, we proceed to determine the specific gravity of all such bodies in terms of
the same gaseous unit

;
the number thus obtained being for each body its equivalent

weight. We thus find, as has long been suspected, that the equivalent (or so-oalled

molecular) weights of liquid and solid species are exceedingly elevated. That of

water, a litre of which at 100® (its temperature of formation under a pressure of

760 mm.) weighs 063-78 grams, corresponds to 1192 volumes of water vapour at

. standard temperature and pressure » 17*96) condensed into a single volume

;

or to 1192 X 17*96 = 21,408, approximately 21,400. Representing by p the empiri-

cal equivalent weight', which is really the specific gravity on the hydrogen basis

(H3 = 2*0), and by the specific gravity taking water =21,400 as unity, we obtain

by the formula » v, the reciprocal of the coefficient of the condensation which
takes place in the passage of a normal gaseous species, by intrinsic contraction or

polymerisation, into the liijuid or solid speciesj the specific gravity of which we
have determined by comparison with w'ater.

§ 4. The reciprocal number thus got is, as we shall show, one of great signifi-

cance. In determining the specific weight of nhy given liquid or solid species, the

fact of prime importance is not simply its specific gravity as compared with water,

but the relation of the value thus determined to the equivalent weight, or, in other

words, to its specific gravity on the hydrogen basis. It is not df, nor yet j?, but the

relation jo : ,
as expressed by v. In the case of volatile species the true value of^

may be known, but for the comparison of fixed solids, as oxyds, carbonates, and
silicates, we deduce from the received formulas an arbitrary value for by dividing

the value calculated therefrom by twice the number of oxygen portions. Thus
for MgO, p = 40-i-2 ;

for SiOj, p * 60-i-4 ;
for ‘AlgOg, p = 102 -f- 6 ;

for SiMg204,

140 -f- 8 ;
for CCaOg, p — 100 -f- 6. For metalline minerals, including metals,

and their compounds with S, Se, Te, As, Sb, Bi, the value assumed for^ is that got

hy dividing the empirical equivalent weight by the sum of the valencies.

While the specific gravity of liquid and solid species is represented by r/, the

hardness, infusibility and insolubility or resistance to chemical change are, for

related species, directly as the condensation, or inversely as the value of v. This

may be seen in comparing colourless ordinary phosphorus, v = 17 2, with^ the

metalloidal form, V"«13-2; the isomeric silicates, meionite, v = 6*6, and zoisite,

V = 6*3
;
or calcite, n = 6-2, with dolomite, chalybite and diallogite, v = 6-2, and writii

magnesite and smithsonite, v = 4*7
;
for aragonite, v — 6*66. These examples will

serve to show the relations between sensible characters and chemical constitution,

the interdependence of which must be taken into account in a natural system of
mineralugical classification. The differences in hardness and in solubility of the
difiTerent species just named are familiar to chemists. The behaviour of native

silicates with fluorhydric acid, lately studied by J. B. Mackintosh, illustrates in a

striking manner the relations Itotween condensation and solubility.

§ 6. The successive forms imposed upon matter give us the order in which such

a system of mineralogy should be built up. First, the form which we may call the

che^nical form of the species, either elemental or compound, due to the unknown
stochiogenic process, or to subsequent chemical metagenesis. Second, what may be

called the mtneralogical form, which involves the greater or less intrinsic contrac-

tion (polymeric condensation) of the normal chemical species—often ga^ous or

volatile but frequently unknown to us—and the assumption by it of a liquid or

solid state, having greater or less specifio> gravity, hardness, fixity and insolubility,

and being metallic or non-metallic, colloidal or crystalline. Third, the cri/staUine

fornif being the geometric shape assumed by the crystalline individual, which con-

notes a certain structure, apparent in the cleavage, the varying haidness, and the

thermic, optical and electrical relations, of the crystal, but is, notwithstanding its

value in determinative mineralogy, the least essential or most accidental form of

the mineral species. The significance involved in the note of metallicity is very

apparent when we consider the metallic and non-metallic conditions of selenium

and of phosphorus, the similar dual conditions of the sulphids of mercury and

antimony, the non-metallic and sparry characters of the native sulphids of zinc,
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cadmium and arsenic, and tlie singular metallic character ftssiim^ by the complex
tungstates or Tungstometalloids, known as tungsten bronzes. These, with the not

less remarkably complex soluble tungstates or Tungstosalinoids, and the native

tungstic roecies, make the Tungstates one of the most instructive orders known.

§ 6. Ijie author has elsewhere proposed to divide the mineral kingdom into four

classes, including (1) Metalline, Oxydised, (3) Haloid, (4) PyriOaustate (com-
bustible or fire-making) species. Each of these classes is again divided into orders,

tribes, genera and species. In the first class a single order includes two sub-orders

and nine tribes, named (1) Metalloidem
; (2) Galenoidese, including three sub-tribes

corresponding to sulphur, selenium and tellurium compounds
; (3) Bournonoidese)

(4) Pyritoideffi
; (6) Smaltoideae

; (6) Arsenopyritoidem
; (7) Spatometalloidero

;

(8) Sphaleroidese
; (9) Proustoidese

;
each tribp including one dr more genera.

Again, in the second class are grouped under different orders, Oxyds, Silicates,

Carbonates, Borates, Sulphates, Phosphates, Tungstates, &c. Three sub-orders of

silicates include protoxyd, prqto]^eroxyd and peroxyd silicates
;
among peroxvd

bases being reckoned alumiuic, ferric, manganic, chromic, bismuthic, and also, lor

special reasons, zirconic oxyd. Becognising in each sub-order various types desig-

nated Hydrospathoid, Spathoid, Adamantoid or gem-like, Phylloid or micaceous,

and Porodic or colloidal ; the tribes may be named Pectolitoid, Willemoid, Am-
phiboloid, Talcoid, Ophitoid, Zeolitoid, Feldspathoid, Granatoid (garnet-like)

Micoid, Pinitoid, Perzeolitoid, Eulytoid, Topazoid, Pyrophylloid and Argilloid.

Soluble saline species in any order are referred to a salinoid type, as Borosalinoid,

Tungstosalinoid. The extension of this system to the Haloid and Pyricaustate

classes is easy, and has been elsewhere explained.

The worn of arranging in genera and species, with a Latin binomial nomencla-
ture, and the determination for each species of the value of v, is now nearly

completed for the first two classes *, and the whole will probably soon appear, with
a proper introduction, as a Systematic Mineralogy, to be followed by a Descriptive

Mineralogy. The general principles here set forth are discussed at length in the

author’s ‘Mineral Physiology and Physiography’ (Boston, 1886), pp. 279-401,
where, in a chapter entitled ‘A Natural System in Mineralogy,’, will be found an
examination of the constitution and relations of the known natural silicates

arranged in tribes, and tabulated, with the calculated values of v, and a new quan-
tivalent chemical notation. See farther, a paper on ‘ The Classification and Nomen-
clature of Metalline Minerals,’ ’ discussing Class I., in the ‘ Proceedings of the

American Philosophical Society’* for May 4, 1888, reprinted in the ‘Chemical
News * of August 10 and 17 ;

also the author’s ‘ New Basis for Chemistry,’ 2nd
edition (Boston, 1888), where, in chapters vii. and xiv. many points in the
proposed mineralogical classification are elucidated.

6. On the Logarithmic Law and its Oonnection with, the Atomic Weights^

By Dr. G. Johnstone Stoney, F.B.S,

7. On Dissociation.’^ By the Rev. A. Irving, D.Nc., B.A:

The author refers to the paper on this subject which he read before Section B
at the Birmingham meeting in 1886. Further work has furnished confirmatory
evidence in support of the theory then propounded. From a number ofexperiments
recently made, visible evidence has been obtained of the direct dissociation of the
hydrocarbons of coal-gas. The deposition of amorphous carbon' takes place in

contact vnth pumice-fragments at temperatures ranging from dull red heat up to

the incipient fusion-temperature of the hardest Bohemian ^lass. Along with
carbon some sulphur is also deposited. We have thus a viflTble confirmation of

* An abstract of this paper, printed in the programme of the Royal Society of
Canada, without revision or correction by the author, wfil also be found in the Ckemieal
Nems for June 29, 1888^ . ««

* Published in ewtenso in the Chemical yens, No. 1606, September 28, 1888.
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the theory put forward two years ago in the two cases of the hydrocarbons and
the s^phur compands of coal-^as

;
the cause of the deposition of * gas-carbon ’ is

explained, and the oprations of the same physical principles is believed to have
been the origin (for the most part) of the graphite which abounds (in places) in
the (archman) primitive crystalline rocks. Keference is made to the presence of
hydrocarbons in heads of comets and of carbon in meteorites.

8. On Closed-chain FormuJce. By J. E. Marsh, B,A,

9. On Van*i Bioff^s Sypothesis and the Constitution of Benzene,
By J. E. Marsh', B,A.^

%

FRIBAYy SEPTEMBER 7.

The following Papers were read :

—

1. Discussion on the Chemical Problems presented by Diving Bodies^ opened
by Professor Michael Foster, Sec.B.S,

2. On the Atomic Weight of Oxygen.
By Alexander Scott, M.A., D.Sc.y F.B,8.E,

After giving a brief historical sketch of the work which had been done to de-
termine with the greatest possible accuracy the atomic weight of oxygen—that of
hydrogen being taken as tne unit—the author pointed out amongst other sources of
error that the presence of air to the extent of only of the volume of hydrogen
used would be sufficient to raise the value 15’96 deduced from Dumas* experiments
to 16*00. Similarly with regard to Hegnault’s ratio of the densities originally given
as 16*06 also, but shown by applying the correction proved necessary by Lord
Kayleigh when recalculated by Crafts to be only 1 6*91 , the presence of g^gg of air

by volume in the hydrogen would be alone sufficient to account for this” being so
far below 16, to say nothing of the traces of water vapour and sulphur dioxide
also most probably present.

The recent work of Professor J. P. Cooke and Mr. Bichards, as well as the re-
determination of the ratio of the densities of the gases by Lord Rayleigh, have
tended to remove the value for the atomic weight of oxygen further from 10
instead of raising it, the corrected number of Professor Cooke being 16-869. Xjord
Rayleigh’s ratio of the densities being 16*884, and if we take 1*998 : 1 as the ratio

of the volumes in which hydrogen and oxygen combine to form water, we get from
it 16*90 as the atomic weight of oxygen.

The author then described his latest, experiments on the ratio of the combining
volumes of hydrogen and oxygen and pointed out that the volume of hydrogen
required seemed to decrease when it was continuously evolved from the same
vessel, four consecutive experiments with hydrogen from the electrolysis of dilute

hydrochloric acid with zinc amalgam giving

H 0 Total Imparity Date

2*001 :i 5^ Hay 2, 1888
1*999 :

1

May 6, „
1*998 :

1

1*995 :

1

21^
May 6, „
Aug. 31, „

•

* Published in eatenso in Phil. Mag. November 1888.
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The hydrogen seemed to be quite free from evqry tra^ of Hydrochloric add^
but the continuous variation of the ratio seems to point to the presence of some
impurity at present undetected but which seems to be gradually eliminated as

gas in the last case is the purest. The lower the value for the hydrogen volume
gpves of course a higher value for the atomic weight of oxygen.

The author concluded by remarking that it was still premature to conclude that

the atomic weight of oxygen was below 16, as almost all the errors in both Dumas*
and Hegnault’s methods could only lower the number, very few rdse it.

3. The Incompleteness of Combustion in Explosions*

By Professor H. B. Dixon, ER.S,, and H. W. Smith, B*8c*

The authors found that when a mixture of two volumes of hydrogen and one
volume of oxygen was exploded in a long tube an explosive residue was left un~
burnt which .could be collected and exploded.

The percentage of explosive residue found depended partly on the surface

of the vessel in contact with the gas; in a narrow tube 4*^ mm. in diameter nearly

2°L of electrolytic gas remained unburnt, while in an iron cylinder 100 mm.
in diameter^about ‘o^/q of electrolytic gas remained unburnt.

The same phenomenon of incomplete combustion was observed in the case of
moist carbonic oxide and oxygen.

4, A new Gas Analysis Apparatus. By W. W. J. Nicol, M.A.*l).8e»

This apparatus consists of a measuring tube and laboratory vessel of the same
diameter placed side by side in an outer jacket of water. The two tubes are con-
nected by U-shaped capillaries at top and bottom. The upper capillary is furnished

with an "ordinary three-way stopcock which communicates with a cup on the top
through which gas or various reagents may be introduced or expelled through a
siphon tube. The lower capillary has also a three-way tap, which is, in addition^

bored longitudinally, by means of which communication can be established between
either the laboratory tube or the measuring vessel and one or other of two mov-
able reservoirs, one of which during use is always level with the top of the
apparatus, the other being at the bottom. The apparatus is intended to supply the
want of a miick method, comparable in the way of accuracy with the well-known
method of Bunsen.

5l The Determination of Vapour-densities at High Temperatures and under
B>educed Presswre, By Dr. William Bott, F.0.8,

About a year ago a method was described by the author for the determination
of vapour-densities by accurately measuring the increase of pressure caused by the
volatilisation of a weighed quantity of sustance in a calibrated vessel connected

with a mercury pressure-gauge and heated in the manner employed in Hofmann's
method. The determinations by this method could be made at any pressure

required, but we must refer to the original paper (* Ber.’ xx. 916) for the details*

Now the range of temperatures at which the original method can be used is

naturally a limited one from the plan of heating adopted. By slightly altering the
apparatus and the modus operandi, however, this objection can be overcome, and
the apparatus may be heated in an open bath, or even in a furnace in the
manner adopted by Victor Meyer. The original apparatus (see * Ber.’ xx. 016) is

made shorter, with a bulb about 30 ctm. by 4*5 ctm., corresponding to 450 oo*

capacity. The remainder of the apparatus remains unaltered, excepting that s.

stopcock is inserted between the gauge and the vessel, so that communication can
bb shut off at anytime. This having been done at the commencement of the
determination, the initial temperature of the apparatos (viz., the ordinary tempera-
ture) is noted, and from this and the known capacity of the vessel the volume of
air emulated which it^contains. , The apparatus is then heated till constant, and
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the expansion up to that point determined by collecting and measuring the air

expelled on heating. From this volume the temperature is again calculated. Com-
munication with the gauge is then made and the apparatus quickly exhausted as

far as may be thought requisite. The remainder of tue operation is the same as in

the old method already referred to, the density being found from the formula

0 '00008068r(G-GPw P x 1
L P/ '780(1 + 0-00367t®; ^ J

(s s substance
; C = capacity of apparatus

;
P = initial pressure

;
Pj = final pressure

<0 = temperature during experiment.)

The main objection to the above method might lie in the fact that its accuracy
decreases with the pressure employed (see original paper, ^ Ber.’ xx. 916). Experi-
ments having been made to find a more direct .method, the following aiTangement
was found to answer all requirements. A large Victor Meyer’s apparatus, with
a bulb 30 ctm. long by 4*6 ctm. diameter, is used, fitted with a detachable
top-piece, communicating with a barometer tube and a large measuring tube about
40 ctm. long by 3 ctm. diameter, and connected with a mercury reservoir. The
apparatus is 'heated till constant, exhausted as far as may be requisite, and the
reservoir so adjusted that the measuring tube is completely filled with mercury.
The pressure, as shown by the barometer tube, is then noted, substance introduced,

and the surplus pressure generated is removed by lowering the reservoir till the
^auge again roisters the initial pressure. The volume of gas in the measuring tube
IS then determined, and from it tne density calculated as in Victor Meyer’s method.
Neither the temperature of the bath nor the exact capacity of the apparatus need
he known. The results are accurate.

An apparatus like the above, only^ made of suitable material, and slightly

adapted to suit special requirements, might be used for the study of dissociation at

very high temperatures and varying pressures.

6, On Photographing Hydrogen and Chlorine Bulbs by aid of the Flash of
Idght which caused their Explosion, By Professor P. Phillips Behson, D.8c,

The notices Which have appeared in * Nature *
(yol. xxxvii. p. 676 ;

vol. xxxviiL

p. 16) of 0. du Bois Raymonae's successful attempt to photograph the expanded
pupil of the eye by a fiash of magnesium suggested to my mind the experiment of
attempting to photograph a glass bulb containing a mixture of equal volumes ^
hydrogen and chlorine, which, as is well known, combines with explosive violence

and consequent shattering of the bulb when imposed to the fiash of magnesium
light.

At my suggestion, Mr. Seville Shaw, demonstrator in chemistry at the
Durham College of Science, Newcastle-upon-Tyne, undertook the experiment, with
the result (as shown in the accompanying photogi*aph) that a clearly defined image
of the bulo can be obtained, although the Dulb itself is shattered by the explosion.

The method of procedure was as follows. An empty bulb similar to the one to

he exploded was clamped in a stand and accurately focussed in gaslight. The room
was then completely darkened, the empty bulb replaced by one containing the

mixed gases, and after uncovering the lens combination was* induced by the igni-

tion of a mixture of magnesium dust and potassium chlorate placed close to the

bulb. In this way two bulbs have been pnotographed, one of which is exhibited.

It will be seen on close examination that, whilst the outline of the bulb itself is

perfectly clear, it is fainter than the jagged stem which was left unbroken, and
consequently exposed for a much longer time than the bulb. A small mirror was
attached to the bulb with the intention of reflecting the light into the camera.

The result, however, shows that this was quite unnecessary, and the only effect pf

this arrangement has been its reproduction in the photograph.

It is proposed to make further experiments in tnis direction) which may perhaps

throw some light on the question of photo-chemical induction.
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7. On the Formatimi of Crystals of Calcium Oxide and Sc^esmm Oxide
in the Oxyhydrogen Ftame^ By J. Jolt, M,A., B.F,

Lime cylinders wHch have been in use for some time in the production of the
Iim.e-ii^ht will be foimd to have undergone alteration in structure in the imme-
diate vicinity of the part played on by the flame, becoming lustrous and crystalline.

With the lens it is seen that the reflecting faces are squares. By playing on a
small heap of fragments of pure lime with the oxyhydrogen flame lai^er and very
distinct cubes are easily produced. Tlie crystals are' very evidently formed by
sublimation. They build upon the rough surface of the lime in arborescent growths
of cubes and cubo-octahedrons, having a common orientation. They are limpid o!r

milky, very lustrous, showing a plated structure on the cube face and appear to
offer a greater resistance to hydration than the amorphous substance. In the
polariscope they are optically inactive. Up to the present OaO seems to have only
been crystallised from the nitrate (•Briigelmann).

In a similar manner, but with more difficulty, minute transparent cubes of
magnesium oxide may be prepared from the amorphous substance.

SATVRBAY, SEPTEMBER

The following Keport and Paper were read ;

—

1. Report of the Committee on the present methods of teaching Chemistry,

See Reports, p. 73.

2. Chemistry as a .School Subject. By the Rev. A. Ievino, D.Sc.j B.A,

The author expressed some doubt as to the means adopted by the committee
appointed last year for dealing with this matter in our public schools, and strongly

urged considerable addition to the committee of men who, as science-masters, have
first-hand knowledge of the facts. Speaking from a personal experience of some
twenty years, both as a schoolmaster and as a teacher of science, he deprecated

any attempt by syllabus or otherwise to fetter the freedom of action which every

real educator knows to be one of the first conditions of fruitful educational work.
*1^e high educational value of experimental science alone considered tells us that

this must be our guiding principle in dealing with chemistry as a school-subject

;

we must not aim at making all om* boys professional chemists
;
we must defer in

this matter to the higher educational law expressed in the formula, *Mens sana in

corpore sano.^ The slur cast indiscriminately upon the public schools in a papier

read last year was repudiated, and the practical inapplicability to the necessary

conditions of school-work of many suggestions contained in that paper was pointed

out. The alleged sterility of English chemical science was refeiTed rather to a
divorcement in the past between the laboratory-worker and the higher culture of

the cotmtry, and it was maintained that the remedy lies mainly in tbe recognition

of the true importance of the subject by the older universities, with a further

development of the professoriate, which (with the healthy rivalry of numbers) b
the true secret of the working productiveness in science of the German as compared
with the English academical system. It was suggested that the committee would
do well to select a fairly large number of real contributors to the science in the

last quarter of a century and attempt to arrive inductively from the facts of their

individual biographies at some general conclusions as to what intellectual ante-

cedents and environment seemed to enter most essentially into the genesis of the

scientific chemist} while the strongest possible appeals should be made to the

ancient universities to load public opinion, especially the governing-bodies of oui^

public schoob, to recognise genuine work in science and proved capadty in^
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educational work as constituting equal claims with mere * scholarship *
in the

appointment of head masters. *

Some recent depreciations of qualitative analysis were remarked upon^ analysis

rationally taught being held to he a good mental discipline available for class*

teaching, and a sort of stock on which might be engrafted a great deal of theoretical

as well as experimental teaching, the work of the lecture-room and the exercises

of the laboratory being made each to supplement the other. With the cry that
the great difficulty is the want of good text-books the author has no sympathy

;

experimental science can only be really taught by men who are independent of such
extraneous aids. The common notion that experimental science is a 'refuge for the
destitute ’ in intellectual matters was strongly denounced as an absurd fallacy, the
admission of which is nothing more nor less than the practical surrender of our
position to the ' classical

* and ' mathematical ’ men who make up the majority of
the staff of every public school.

The author dealt with the * objects,* ' difficulties,* and ' methods * of teaching
chemistry

;
but on these points many of his suggestions had been already put

forward in the committee's printed report.

The remainder of the paper dealt with examinations, and various suggestions

were made as to how these might be improved, so as to discourage the mere exer-

cise of the faculty of receptivity for examinational purposes, and to place examines
who had been brought into touch with scientific research and had had the spirit of

inquiry awakened in them at a greater advantage than at present.

MONDAY, SEPTEMBER 10.

The following Papers were read

1. Discussion on Valency, opened by Professor H. E. Armstrong, F,B.8,
4

2. Evidence of the Tetravalency of Oxygen derived from the Constitution of
the Azonaphthol-Compounds, By Professor R. Meldola,
F0.8:, FLG.^

The author commenced by pointing out the differences between the azo-deriyatives

of a-naphthylamine and a-naphthol a%cothpared with the corresponding azo-com-
pounds of the jd-series. The a-derivatives have all the properties of amidoazo- or

oxyazo-compounds, and show in all their reactions the presence of NH^ or IIO. The
jS-compounds, on the other hand, not only differ from the others in physical pro-

perties, such as melting-point and crystalline form, but in their chemical properties

they show much less distinctly the presence ofNH2 and HO. They are diazotisable

only with much difficulty, and the insolubility of the oxy-compounds in aqueous
alkalies appears to indicate the absence of Hydroxyl. t

The author next proceeded to review the different formulse which had been
proposed for the compounds of the /S-series, the first attempt to represent these on
a different type to the a-compounds having been made by Liebermann (I.), himself

<11.), and Zmcke (III.) :

—

X"<^«>.Y X"<^<N.Y
^ 0 ^

N.NH.Y

orNH
I. 11.

.
III.

Since these were suggested in 1883-4 evidence has been accumulated which
the author considered as being distinctly unfavourable to the proposed formidse.

It has been found by Nietzki and Goll, and by Zincke himself, that the azo-<^riva-

? * Published in eeetenso in the Phil: Mag, Nov. 1888.
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tivee of /S-napbtliylamine can be diazotised and the diaio-saltl*converted into the

corresponding oxy-compounds by the usuhl reaction.

The author and F. J. East have i'ecently found that the nitrohenzeneazo-/3-

naphthylamines can be converted into the corresponding /3-naphthvl>acetates by
heating them with acetic acid and adding sodium nitrite. Weinberg nas shown also

that benzeneazo-/3*naphtbol can be ethylated, and the author and^ F. J. East have
shown that this and other /S-naphtholazo-derivatives can be acetylated. The re-

duction products of the ethyl and acetyl derivatives tend to show that the all^l

or iCcetyl is not attached to the N-atom, as would be required by Zincke’s hydrazone
formula or by Liebermahn’s formula, but further investigation in this direction is

considered necessary, and is being undertaken in the author’s laboratory.

The author next pointed out that although the results of the most recent ezperi*

ments thus appeared to favour a return to the old formulae

—

and

the non-phenolic character of the /3-oxy-compounds and the other differences shown
by these and the jS-amido-compounds when compared with those of the a-series,

must' still be considered as evidence of a different constitution. To express this

difference in the case of the orthoamidoazo-corapounds it is suggested that the

N : N-group and the being in the ortho-position, interact with the formation

of a closed chain, and the author proposes for these and the analogous oxy-com^
pounds the general formulte

—

X»<^>N.Y X-<^>N.Y

H
The first of these expressions shows the relationship of the orthoamidoazo-

compounds to the azimides of Griess into which (or into isomeric substances) they
can be converted, as shown by Zincke, by the action of oxidising agents, the latter

simply removing two atoms of hydrogen and leaving

The same formula explains the difficultly diazotisable character of the compounds^
their feebly basic properties, and the'forma|ion of ortho-diamines by reduction.

The second formula, in which oxygen is represented as tetravalent, appears to
accord with the general properties of the jS- or ortho-oxyazo-compounds. Thus it

is seen that the replaceable hydrogen atom is attached to the oxygen, but is not in
the hydroxylic state, as the oxygen forms one atom in a closed ring. This may be
the explanation of the non-phenolic character of these compounds. With reference

to the tetravalency of oxygen the author called attention to Friedel’s compound
(0113)20.1101, as well as to the general arguments based on the position of the
element in the periodic system.

3. The Theory of Solution.^ By T. Stebbt Hunt, LL.B.f F.11.8.

The author began by a brief statement of Mendeldefs views on solution, as
put forth since 1886 and resumed in the latter’s recent paper on the compounds of
etbylic alcohol and water, presented to the Ohemical Society of London in 1887.
In this it is maintained that the products of the dilution with water of bodies like

alcohol and sulphuric acid include several distinct chemicid compounds, with
greater or less proportions of water, which compounds may in some cases be
roparattd as definite crystalline solids by reduction of temperature. Their presence

is also made' evident by the study of the relation of the specific gravity to the cen-

* Fhblished in eaeienio in the Chsmioal Neivi for Sept. 28, 1888.
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tesimal composition of the dilute alcohol or acid. The author noted further the
conHrmation of these views by the subsequent studies of Crompton on the electrical

conductivity of diluted sulphuric and other acids, and of solutions of the hydroxyds
of potassium and sodium, as well as to the able discussion of these results lately

published by I^ofessor H. E. Armstrong.

He then proceeded to rocall his own contributions to the theory of solution,

diatiii)^ from 1853, in which he has affirmed the chemical nature of solution,

and especially his essay entitled Thoughts on Solution and the Chemical Process,

in the ^ Chemical Gazette * for 1865. It was therein n^aintnined not only that

solution is a chemical process, but that ^all chemical union is nothing else

than solution. The uniting species are, as it were, dissolved in each other, for

solution is mutual; ’ and subsequently that 'the type of the chemical process is

found in solutions, from which it is possible, under changed physical conditions,

to regenerate the original species.’ After giving an analysis of the paper of 1865,
its conclusions are resumed under the followihg heads ; 1. The conception that

in the process of aqueous solution there are formed definite compounds with
water, accompanied by all the phenomena of chemical union. 2. That in these

compounds oi a single proportion of a salt or other species with many proportions

of water there are clearly defined limits beyond which the further addition of

water gives rise (A) to decomposition involving a new arrangement of the elements

of the previously united bodies (double decomposition), or (B) to simple admixtures

*of one definite solution, or liquid species, with another less dense solution, or with
water. 3. That these compounds are separable in a solid state by changes of tern-

.perature and (theoretically at least) in a liquid state, by the influence of gravity.

4. That liquidity is but an accident of solution, since it is a state depending on
temperature and on pressure, which state may be assumed by all species, whether
elemental or compound.

The author then proceeded to notice his later treatment of the subject in his

‘New Basis for Chemistry,’ and especially in the second (revised and augmented)
edition (Boston, 1888). Therein are considered the cryohydrates of Guthrie, and
the remarkable liquid compounds of salts with small quantities of water, got by
Tilden and Shenstone at high temperatures under pressure. He further notes the

evidences of the integral vaporisation of solutions above the critical j)oint, under
pressure, observed by Hannay and Hogarth, and the previous separation of some
of these at high temperatures into lighter and denser layers. Earlier observations

of similar separations, and the recent studies of Traul^ and Neuberg on the dif-

ferentiation by gravity of various saline solutions in dilute alcohol, are also noticed.

AU of these facts are considered as illustrations of the theory of solution so long
maintained by the author, which, at least so far as aqueous solutions are concerned,

is now adopted by Mendeldef.

4. The Composition of Gopper^Tin Alloys. By A. P. Laurie.

Experiments by Lodge, Roberts-Austen, &c., have shown that the physical pro-

perties of these alloys point to the existence of two compounds, CujSn and Cu^Sn.

In testing the E.M.F. of these alloys in constant voltaic cells the author finds a
change of E.M.F. corresponding to the formula CuSn, and by suitable arrauge-

' ments has succeeded in eating out the excess of free tin in an alloy, leaving the

compound Ou^Sn behind.

6. The Composition of the ancient Roman Mortarfrom the London Wall.

By John Spiller, F.G.8.

With the view of collecting fresh evidence as to the cheniical union of 16110

and silica by long contact, the author had examined a sample of ancient Roman
mortar taken from the section of old London Wall recently laid bare in St.

Martin’s-le-Grand.

From the fact that a large quantity (11 per cent;) of silica could be disrolved

out readily by caustic soda, and there being a deficiency of carbonic acid without
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any evidence of free caustic lime, the author considered he^was justified in drawings

the inference that silicate of lime was present, this body being the result of direct

combination between lime and sand in the course of many centuries.

Samples of a London mortar about a hundred years old and another of recent

date contained 1*1 per cent., or less, of soluble silica, that is, only one-tenth of the

amount now actually found in the Homan mortar analysed.

For full particulars of composition and analytical details see the * Cheiftioal

News * of October 19, 1888, p. 189.

6. On the Bate of Solution of Oopper in Acids, By V. H. Vbley, M,A,

From time- to time accounts of experiments have been published oh the rate of

solution of metals in acids. In most cases a piece of metal of more or less regular

surface is placed at the bottom of a suitable vessel, dilate acid noured thereon, and
the rate measured at which the hydrogen or other gas is evolved. It is obvious

that the measured result is one of very mixed causes, the separate effect of which
has not been duly taken into account. Thus the rate at which hydrogen is given

off from redistiUra zinc and dilute sulphuric acid will depend^ inter alia on (i) the

surface of metal exposed
;

(ii) the concentration of the acid
;

(iii) the rate of

diffusion of the solution of salt formed in the acid liquid. Of these only (i) can be
approximately constant, while (ii) and (iii) are indeterminable variables.

The author has made a series of experiments on the rate of solution of spheres

of electrolytic copper, made from one block, in solutions of potassium bichromate

acidulated with sulphuric acid under such conditions that not only are fresh suiv .

faces of the copper continually exposed, but also the dissolving liquid in the imme-
diate vicinity of the metal continually renewed. At the end of definite intervals

of time the loss in weight of the sphere is determined, and the alteration in area

calculated by a measurement of the axes of the sphere. The mass dissolved per
unit area is taken as the measure of the rate of solution.

As a preliminary step it was ascertained that, under the same conditions,

difierent spheres of copper dissolved at the same rate.

Experiments thus far have shown that the' difference of the logarithm of the

factor
M
A (M a mass, A a area) is constant for a constant difference of temperature.

But, appar^tly, the value of this factor is proportional only within certain limits

to the concentration
;
thus, although with greater or less concentration the mass

dissolved is greater or less, yet this variation proceeds /ler scitumf and not in direct

proportion, even though a large excess of dissolving reagents was in all cases
used.

The rate of solution is also dependent upon the rate of movement of the
metallic sphere in the acid ; throughout the experiments this has been kept constant
by various mechanical arrangements.

7. Recovery of the Ammonia and Chlorine in the Ammonia-soda Brocess,

By F. Bale.

If ammonium chloride be volatilised, and its vapour passed over or through
heated metallic oxide, at a temperature of 400° 0. or higher, the ammonia which
is evolved is partially decomposed in its passage over the heated oxide, and this to
the extent ox from 26 to 60 per cent, of rae ammonia evolved.

If, however, the ammonium chloride be intimately mixed in powder with
met^c oxide in powder, as the oxide of manganese (which I prefer), and the
mixture then gradually heated, the ammonia is gradually and completely evolved
at a temperature of 130° 0. to 326° C. without the loss mentioned above by the
method of volatilisation of the ammonic chloride. Most of the ammonia is here
evolved between 130° and 200° O. t

"

In this method of mixtures, if the temperature of die residue left after the
evolution of the ammonia be kept below 360° 0. and cold and dry air ^ passed
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over it, no chlorine is evolved at this temperature, hut residual ammonia and
moisture may be completely driven out of the retort on stirring the mixture. If
the temperature be now raised to 350° C., the chlorine begins to be slowly evolved
on the passage of dry air, when the oxide used has been manganese ; and the per-

centage yield of chlorine by the peroxides of manganese is about one and a half time
that of any monoxide. Sesquioxides (MjC,) are unsuitable for this purpose^ as

they yield one-third less ammonia, the other third being decomposed into nitrogen

and hydrogen.
The method of volatilisation of the ammonic chloride means a high tempera-

ture, which means again a loss of ammonia and other disadvantage. By the

method of mixtures a low temperature is employed, the ammonia saved, the

chlorine fully evolved, and atmospheric air may m used to expel readual ammonia
and steam remaining in the retort

;
and if the temperature be kept below 350° C.

air may be passing through the retort during the whole operation for the ammonia,
thus removing the ammonia and steam as fonhbd, and preventing loss of ammonia
and the formation of hydrochloric acid when chlorine is required.

,
Oxides of the heavy metals, and the alkaline earths and salts formed from these,

may be used for this purpose with more or less advantage. There is one oxide,

however, which appears superior to all others, viz., the oxides of manganese which
are not sesquioxide. These oxides (Mn304 and MnOj) evolve ammonia at a low
temperature. From 130° 0. to 200° 0. most of the ammonia is evolved, and at 826° C.
18 completely evolved by these oxides. The percentage yield of chlorine by these

oxides IS one and a half time that of the monoxide of nickel and others. For these

and other reasons I think they will hold their place in the new processes they have
in the old process of Leblanc.

Peroxides of the composition M3O4, MO^ may be used with advantage both for

the evolution of the ammonia, and afterward^ for the chlorine on the passage of air,

and for the evolution of the hydrochloric acid on the passage of steam at the low
temperature employed.

The workman would keep the temperature below 860° 0 . during the evolution

of the ammonia, which may bo done by a mercurial thermometer placed in the*

door of the retort. Other heavy oxides, salts, Ac., require a much higher tempera-

ture for the evolution of the ammonia and chlorine.

When all the chlorine or hydrochloric acid is evolved, the residue is equivalent

when reduced to the oxide with yrhich we started, and will give the e<^uivalent of

ammonia as at first when heated with ammonic chloride, and from this point the

round of operations goes on continually.

The apparatus required would be a Stourbridge fire-clay retort, or other

suitable furnace or retort, heated by gas or preferably by a self-feeding coke furnace.

These retorts may be worked in serie^ and connected with pipes leading to the
" ammonia-absorbing plant, the hydrochloric condensinp* chambers, and the bleaching

powder chambers. They should also be connected with an exhauster or blower for

the passage through them of air or steam when chlorine or hydrochloric acid was
required.

Tbe residual oxides left after the complete evolution of the chlorine or hydro-

chloric acid would need washing at intervals from common salt and when man-

ganese has been the oxide used
;
they exist chiefly as sesquioxide of manganese,

and before the charge of ammonic chloride is added they must be reduced. This

may be done by heating them with charcoal or small coal, or, better, by passing

the gases from the coke or other furnace used over them, when they will no longer'

decompose the ammonia when used for the next round of operations.

The lime nowUsed is thus saved, the ammonia and chlorine fully recovered,

and reagents for this purpose recovered for use over and over a^ain continually;

and this at no other cost than thp labour and fuel employed (which is small) and

the wear and tear of retorts.
^

By this development of the ammonia-soda process the old process of Leblanc

has lost its last remaining prop.
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TUESDAY, SEPTEMBER 11.

The following Beport and Papers were read :

—

1.

Third Beport of the Committee for investigating Isomeric Naphthalene
Derivatives,—See Beports, p. 96.

2.

Note on tUe Molecular Weight of Gcuyittchouc and other Colloids,

By Dr. J. H. Gladstone, F.R.8,, and W. Hibbbbt, F,L0.

While investigating the chemical and physical properties of caoutchouc the
authors had endeavoured to determine by Baoult^s method its molecular weight
when dissolved in benzene. They* found it to be extremely high, although the
numbers obtained for caoutchene and hevene (substances of the same ultimate com>
position) agreed fairly well vdth what might be anticipated from the formulm
OjqHjq and They had subsequently examined the aqueous solutions of
other colloid bodies, viz., gum arable, caramel, albumen, and ferric hydrate, with
the result in each case that the molecular weight as determined by Baoult’s method
is very high. No great reliance was placed upon the actual figures obtained, but
they were sufficient to corroborate the conclusion arrived at by Graham long ago,

that * the equivalent of a colloid appears to be always high.’

3.

On some new Silicon Compounds. '

By Professor J. Emerson Reynolds, M.D.^ F.B.S.

The following substances were exhibited and shortly described :

—

SiClBr,
SiBr,(^CNJL)g
SiBr.CSONaHgOgHJg
SiBr^CSONJIgCgH,)^
SiBr,(SON,II,(C«H,),)g

and .

Si(NHC«H,),.

4.

On some new Thiocarbamide Compounds.
By Professor J. Emerson Reynolds, M.D., F.B.8.

The following substances were exhibited and shortly described ;

—

(H4N,CS),H,NBr
(H4N,CS),H,NC1
(H,N,C8), (CH3)HgNBr
(H. N„CS)3 (CH3)H3N01
(H,N,CS)4 (CA)ANBr
(HACS),(C3H3)3HN01

and the trithiocarbamide derivative

(H3N30S)3 Br.C3H3
Br.

5.

Proposed International Standards to control the Analysis ofIron

and Steel, By Professor J. W. Lanolet.

It is well known that the results ofchemical analjii^ will differ slightlymth the

methods employed and with the personal peculiitfitiefdT the' operator. This latter

ought be caued the * peisonal equation ’ of the analyst, ^^ese causM of variation

become of greet importance in investigations where minute quantities of fomign
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'bodies have to be sought in large amounts of a compound or mixture, such as are
all samples of commercial iron and steel. In this class of analyses the percentages

of carbon and phosphorus may be as low as 0*15 per cent, and 0*01 per cent,

respectively, and yet these small amounts will have quiteL^marked effects in the
steel which contains them.

In order to brin^ about a greater uniformity of analyds in the countries

which are the principal producers and users of iron and steel, it is proposed to

prepare a quantity of samples which shall be absolutely identical and to distribute

them to properly qualified analysts in those countries, who will then analyse

them and will interchange reports of their results with each other.

By the above plan there will be in each country participating in the work a
quantity of metal identical with that in the ofher countries, and which has been
analysed with the utmos]b care by a considerable body of chemists, so that its

composition may be said to be known authoritatively and beyond dispute, and
which will thus constitute international standards.

The standards so obtained will serve two important purposes. First, they will

show, in the course of their preparation, the relative agreement in processes and
results habitually arrived at by the chemists of different countries. Second, these

standards being distributed to certain custodians, it may be possible to furnish

small portions of them to chemists who may make application for the purpose of
checking their indi\'idual work and obtaining a measure of their accuracy. Also,

as new analytical methods are constantly being invented, it will be of great

advantage to have a standard metal on which to test them.

The details of the best method of securing the above ends should be the work
of a committee. o

Professor Hermann Wedding, of Berlin, and Professor Hichard Akerman, of
Stockholm, and myself have already considered the general plan, and have given

provisional assent to it and to the following suggestions :

—

First. The analysis shall be made for total carbon and for phosphorus. This is

all which it is advisable to demand, but other elements may be added at the wish
of any analysts for the samples in their hands only.

Second. The samples shall be of the following composition (or temper) in

carbon, as nearly as is practicable.

Carbon = 1*3% 0*8% 0*4% 0*16%

and all the other elements shall be kept down to the customary proportions for

steel of medium quality. *
, ^

Third. The samples shall be in the form of drillings, uniformly and carefully

mixed, and quantities not less than forty kilogrammes for each temper: this would
mean not less than 160 kilos, for the whole.

Fourth. These samples shall be equally divided and sent under seal to properly

accredited persons in Sweden, Germany, England, and the United States.

Fifth. The analyses shall be made in each country independently, and the-

report of the results obtained shall be sent to each of the proper representatives of

the other countries participating in this plan.

Sixth. If there should be an important disagreement in these reports it

shall then be the duty of the parties to this ag^ment to appoint an international

committee to whom the whole subject shall m referred, if, however, the reports,

differ only slightly then the average of all the reports shall be deemed the true-

composition of the international iron and steel standards.

6. On the Action of Light on Water Colours.

By Abthub Bichabdson, Bh.L.

In this paper the authof: discusses the effect of light on colours, and draws

attention to fiie very impoif&t part played by moisture in assisting their decom«

position. Unstable colours a|e divided into two groups :

—

1st. Those which blecush by oxidation under the combihed influence of light;

1888. TT
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air, and moisture. 2nd. Those on which light exerts a reducing action, which is

iudepeudent of the air, and in some cases takes place in the absence of moisture.

Cadmium yellow, cadmium orange, king’s yellow, crimson lake, and indigo are

placed in the nrst gro^ ;
these are bleached % light) under the conditions above

stated, but are per^iaiimt in an atmosphere of carbon dioxide, or in dry air. The
colours of the second group include Prussian blue, vermilion, chrome yellow, &c.
Prussian blue fiides slowly in moist air—much more readily, however, in an atmo*
sphere of carbon dioxide

;
but it is permanent in dry air. Mixed with cadmium

yellow, Prussian blue gives a green which is very sensitive to light if moisture is

present
:
permmient, however, in dry air. Vermilion is shown to fade in dry and

moist air ; also in an inert atmosphere like carbon dioxide. With cadmium yellow,

vermilion forms an orange which blackens in moist air in a few hours, though
in dry air light is without action on it. The author condenms as unsafe those

])igments which fade in dry air, and shows that the greater number of paints are

stable in sunlight, provided moisture is absent.

7. Further Besearches on the Pyrocresols. By Dr. William Bott, F.O.8.,

and J. Bruce Miller, F.LC.

In a paper submitted to the Chemical Section of the Association last year by
Professor Schwarz and W. Bott the properties and a number of derivatives of

the three isomeric pyrocresols, were described. Since then experiments

have been made to ascertain the precise chemical nature of .the reduction products

of <i-pyrocresol. The products just referred to had been found to consist of a
mixture of paraffins, and a hydrocarbon, had been isolated from them.

The reductions both with hydriodic acid and zinc dust have been repeated on
a larger scale and at a lower temperature, with a view of obtaining an intermediate

compound of an aromatic nat^ure. No such product could, however, be obtained,

the reaction invariably giving rise to formation of paraffins only. The investiga^

tion of these paraffins is not yet completed, but we expect to be able to publish the

details before long, as well as the results of further study regarding the replacement

of the oxygen atom in pyrocresol by chlorine by means of phosphorus pentachloride.

The present paper only treats of a number of new derivatives of a-pyrocresol

which have b^n prepared during the course of the main investigation.

Trichlor-a-pyrocresol, CisHnOl^O, is obtainedby thepro&acted action of chlorine

upon a solution of a>pyrocresol in chloroform or carbon tetrachloride and repeatedly

recrystallising the product from boiling benzene. It forms a white bulky mass
consisting of very fine needles, which under the microscope are resolved into pretty

and characteristic aggregates of thin, transparent, flat prisms or bars. The suIh

stance is insoluble in water, alcohol, ether, acetic acid
;
more soluble in chloroform

and carbon tetrachloride, and readily soluble in boiling bemrane. The melting--

point is exceptionally high, but cannot be exactly determined, as the body melts

very gradually, first showing signs of fusion about 225^
Tetra-amido-a-pyrocresol oxide, C,j,Hg(NIIj)402 ,

has been pr^red by Ruction
with tin under pressure of tetr^nitro-a-pyrocresol oxide susronded in a mixture of

glfusial acetic and hydrochloric acid, it is a greenish ymlow powder, slightly

soluble in water, sparingly soluble in alcohol and ether, and almost insoluble in

benzene. The salts are soluble in water, and with sodium bypocbIcMrite give a
d|rk reddii^-brown coloration. A double platinum chloride has also been pre-

pared. The melting-point appears to lie considerably above 300°.

T^ anudo-compound can be ^azotised and the diazo salts obtained react with
phenols. BxjMriments in this direction were made with oxy^uinoline, resomin,

thymol salic;^ acid, cresol, phenol, a- and /3-naphthoL The Privative obtained

with /3-uapbthol has been examined more closely and would, represent the first

colouring matter obtained from pyrocresol. It is obtained by adding an alkaline

solution /^naphtbol to a diazotised acid soloti^l^l the amido-compound and
fohns a dark r^ precipitate insoluble in water^i^f imlable in ether, alcohol,

< clfiorofbiim and bmizene. With s^ng sulphuric gives a very chai^teristic

and beautiittl reaction, nisBolving in the eoncentrati^^ a deep, greenish
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bliie colour, whicli upon gradual dilution with water slowly changes to a red, the
colouHhg matter being reprecipitated in red flakes by excess of water. Although
insoluble in water it is slightly soluble in dilute sulphuric and also in acetic acid,

and silk may be dyed a fine crimson shade in baths acidified with these ^ids. If

the colouring matter is dissolved in strong sulphuric acid and a single drop of con-

centrated nitric added to the solution the colour immediately changes from a dark
blue to a claret shade. The latter reaction and the behaviour of the sulphuric

acid solution upon diluting with water are two equally characteristic and delicate

tests.

The action of alkaline-reducing agents, viz., of sodium ethylate and methylate,

sodium amalgam and ammonium sulphide in alcoholic solution upon tetra-nitro-a-

pyrocresol oxide, ^ves rise to the formation of varying quantities of amido- and of
azo-compounds. The action of ammonium sulphide is particularly interesting.

If a small quantity of the nitro-compound is heated with alcohol and a few drops

of ammonium sulphide, the supernatant liquid assumes a reddish-brown colour,

and upon the addition of hydrochloric acid and warming a red precipitate is

formed, insoluble in water, but soluble in chloroform, alcohol, ether, benzene, and
acetone with a reddish-violet colour. It is practically insoluble in carbon disul-

phide, and thus may be separated from any admixture of sulphur. With strong

sulphuric acid it yields a yellowish solution, and upon diluting the colouring

matter separates unchanged as a red precipitate. It dyes silk a reddish shade, but
only in strongly acid baths.

By protracted treatment of the nitro-compound with - excess of alcoholic

ammonium sulphide a solution is obtained which with hydrochloric acid no longer

yields a red colour. On adding water a yellow precipitate is formed, insoluble in

hydrochloric acid, slightly soluble in cold water, and a little more soluble in hot

water, the hot aqueous solution dyeing silk a fine yellow. The colouring matter
is only slightly soluble in alcohol, ether, chloroform, and almost insoluble in benzene.

\^e have not had suflicient time to determine the composition of the red andP

yellow colouring matters which have only quite recently been prepared. From
their mode of formation it would appear that the red body is an azoxy* or else

oxyazo-derivative, whilst the yellow substance^ would be azo-pyrocresol oxide

;

still this is a mere conjecture, and their composition may turn out to be of a more
complex nature.

It is proposed to apply the above reactions to the <8- and y-isomerides of pyro-

cresol, and, by sulphonating or otherwise, to prepare the colouring matters lii a

pure and soluble condition, and to study their special qualities as dyes. Experi-
ments are also in progress to obtain direct nitro-sumtitution products of the

Ijyrocreeols, of which only the nitrated oxides are known, and to prepare the

pnenols correspondi^ to the sulnhonic adds.

Of nitrated deriiitives of tne pyrocresols only the tetra-nitro-compouhds of

the respective oxides had been obtained, no intermediate product being known.
A dinitro-a-pyrocresol oxide^ Oj5H,o(NO,)a02, has, however, been lately prepared

by treating a-pyrocresol oxide with cold concentrated nitric acid and extracting

the product with boiling alcohol to remove unaltered oxide. It forms yellowish-

white ciy^stals melting at about 236®.

The main work being still progressing, little can be added to the views

expressed in the previous paper on the structure of the pyrocresols. The funda-

mental question as to the position of the oxygen atom in the molecule of pyi||^

cresol, thus still remains open. An argument in favour of the existence

of the carbonyl group in the molecule of a-pyrocresol at least might be found in

the formation of the reduction product ;
but wo have formerly stated our

resnons against this supposition. Still adhering to the belief that a-pyi^cresol

contains the oxygen atom linked to two carbon atoms, the production of the

compound 0„Ha, necessitates the assumption of a closed ring instead of two
eparate chains

;
thus

:

T T 2
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Sbchos C.—geology.

Fbesident op the Seciioit—Professor W. Boid Dawkins, M.A., F.R.S.V
r.G.S., F.S.A.

THURSDAY, SEPTEMBER 6.

The President delivered the following Address :

—

In taking the chair occupied twentj>four years ago in this place hy my honoured
master. Professor Phillips, I have been much perplexed as to the most fitting linea

on which to mould my Address. It was open to me to deal with the contributions

to our knowledge since our last meeting in Manchester in such a manner as to place

before you an outline of our process during the last twelve months. But this taskf

difficult in itself, is rendered still more so by the special circumstances of this meet*
ing, attended, as it is, by so large a number ofdistinguished geologists, assembled from
nearly every part ofthe world for the purposes ofthe Geological Congress. It would be
presumptuous of me, in the presence of so many specialists, to attempt to summarise
fhd co-ordinate their work. Indeed, we stand too near to it to be able to see the
true proportions of the various parts. I will merely take this opjwrtunity of offer-

ing to our visitors, in the name of this section and of English geologists in general,,

a hearty welcome to our shores, feeling that not only will our science be benefited

enormously by the simplification of geological nomenclature, but that we ouiv

selves shall derive great advantage by a closer personal contact than we have enjoyed
hitherto.

Our science has made great strides during the last twenty-four years, and she
lias profited much from the great development of her sisters. The microscopic

analysis of the rocks has opened out a new field of research, in which physics andi
chemistry are in friendly rivalry, and in which fascinating discoveries are being
made almost day by day as to metamorphism, and the criishiniLand shearing forcea

brought to bear upon the cooling and contracting crust whileffie earth was young;
The deep-sea explorations have revealed the structure and the deposits of the ocean
abysses, and the depths supposed to^be without life, like the fabled deserts in tbe
interior of Africa, are now ^own to teem with varied forms glowing with the

richest colours. From a comparison of these deposits with the stratifiM rocks we
may conclude that the latter are mai^nal, and deposited in depths not greatsi than
1,000 &thoms, or the shore end of the Globigerina ooze, and most of them at a
very much less depth, and that consequently there is no proof in the geological

lipord of the ocean depths having ever l>^o in any otW than their present
places.

In North America the geological survey of the Western States has brought in
light an almost unbroken series of animal remains, ranging from the Eocene down
to the Pleistocene Age. In these we find the missing Imks in the pedigree Of the
Horae, and sufficient evidence of transitional forms to cause Professor Flower to
restore to its place in classification the order Ungulate of Cuvier. These may be
expected to occupy the energies of our kimnnen o^ other side of the Atlantic

for maiiy years, and to yield further proof of the ti^£f|of the^^^ of evoluttoi|.

The use of this word •reminds me how much we bile?grown 1864, vHilir

evolution was under discussion, and when Uologicid, physical, and geMog^eid
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laTjortitories could scarcely be said to have existed in this country. Truly may the
. ecientific youth of to-day make the boast

—

‘H/Lictr /i€i/ narepaiP piy dfitiuopes tUxoixtff cimt

—

* We are much better off than our fathers were/ while we, the fathers, have the
poor consolation of knowing that when they are fathers their children will say the

eame of them. There is reason to suppose that our science will advance more
swiftly in the future than it has in the past, because it bus more delicate and
precise methods of research than it ever had before, and because its votaries are

more nuiherous than they ever were.

In 1864 the attention of geologists was mainly given to the investigations of

the later stages of the Tertiary Period. The bent of my pursuits inclines me to

revert to this portion of geological inquiry, and to discuss certain points which
have arisen during the last few years in connection with the classiticatory value of

fossils, and the mode in which they may be be&t used for the co-ordination of strata

in various parts of the world.

The principle of homotaxy, first clearly defined by Profe^or Huxley, has been

fully accepted as a guiding principle in place of synchronism or contemporaneity,

und the ^t of certain groups of plants and animals succeeding one another in a
definite order, in countries remote from each other, is no longer taken to imply
that each was living in the various regions at the same time, but rather, unless there

be evidence to the contrary, that they were not. While, however, there is a
universal agreement on this point among geologists, the classificatory value of the

various divisions of the vegetable and animal kingdoms is still under discussion,

and, as has been very well put by my predecessor in this chair at Montreal,

sometimes the evidence of one class of organic remains points in one direction, while

the evidence of another class points in another and wholly different direction as

to the geological horizon of the same rocks. The Flora, put into the witness-box by
the botanist, says one thing, while the Mollusca or the Vertebrate say another

thing in the hands of their respective counsel. There seems to be a tacit assump-
tion that the various divisions of the organic world present the same amount of

variation in the rocks, and that consequently the evidence of every part of it is of

equal value.

It will not be unprofitable to devote a few minutes to this question, premising

that each case must 1^ decided on its own merits, without prejudice, and that the

whole of the evidence of the flora and fauna must 1^ considered. We will take the

flora first.

The cryptogamic flora of the later Primary rocks shows but slight evidence of

change. The forests of Britain and of Europe generally, and of North Americ^ were
composed practicallv of the same elements—Sigillaria,Calamites, and coniferaallied

to the Qin^o—thivbghout the whole of the Carboniferous (16,336 feet in thickness

in Lancashire and li^rkshire) and Devonian rocks, and do not present greater

difierences than those which are to be seen in the existing forests of France and
Germany. They evidently were continuous both in space and time, from their

beginning in the Upper Silurian to their decay and ultimate disappearance in the

Permian Age. This disappearance was probably due to geographies! and climatic

changes, following the altered relations of land to sea at the close of the Carboni-

ferous Age, by which Secondary plants, such as Voltzia and Walohiay were able to

.find their way by migration from an area hitherto isolated. The Devonian forn|a-

^on is mapped ofiT from the Carboniferous, and this from the Permian, but to a
idight degree by the flora, and nearly altc^ther by the fituna. While the fauna

exnibits great and important changes, the flora remained on the whole the same.

The forests of the Secondary Period, consisting of various conifers and cycads,

also present slight differences as they are traced upwards through the Trii^ic imd
Jtirassic rocks^ while remarkable and striking changes took place m ^e fauna, t^ich
mark the division orthe.folra^ations into smaller groups. As the evidence stands at

.

pvesent, the cyo^s of the do hot differ in any important character from thorn

of the .Ofilites or the Wealdenyhod the SMbwria in Yorkshire in ^e liassic Age is

veiy similar to that of the Id^d of Mull in the Parly Tertiary, and to that

huHa ttdiantifoUa) now Uvihg in the open air in Eew Gardens.
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Not do we find evidence of greater variation in tbe dicotyledonous forests, &om
their first appearance in the Cenomanian stage of the Cretaceous rocks of Europe and
America, through the whole of the Tertiary Period down to the present time. In
North America the flora of the Dakota series so closely resembles the Meiocene of
Switzerland that Dr. Heer had no hesitation in assigning it in the first instance to
the Meiocene Age. It consists of more than one hundred species, of which about
one-half are closely allied to those now living in the forests of North America—
sassafras, tulip, plane, willow, oak, poplar, maple, beech, together with Sequoidi^ the
ancestor of the giant redwood of Oalifomia. The first Palms also appear in both
continents at this place in the Geological record.

In the Tertiary Period there is an unbroken sequence in the floras, as Mr. Starkie

Gardner has proved, when they are traced over many latitudes, and most of the
types still survive at the present day, but slightly altered. If, however, Tertiary

floras of different ages are met with4n one area, considerable differences are to be
seen, due to progressive alterations in the climate and altered distribution of the
land. As the temperature of the Northern Hemisphere became lowered the tropical

forests were pushed nearer and nearer to the equator, and were replaced by plants of
colder habit from the northern regions, until ultimately, in the Pleistocene Age, the
Arctic plants were pushed far to the south of their present habitat. In consequence
of this Mr. Gardner concludes that * it is useless to seek in the Arctic regions for

Eocene floras as we know them in our latitudes, for during the Tertiary Period the
climatic conditions of tbe earth did not permit their growth there. Arctic fossil

floras of temperate and therefore Meiocene aspect are in all probability of Eocene
age, and what has been recognised in them as a newer or Meiocene facies ia

due to their having been first studied in Europe in latitudes which only became
fitted for them in Meiocene times. When stratigraphical evidence is absent or
inconclusive, this unexpected persistence of plant types or species throughout the
Tertiaries should be remembered, and the degrees of latitude in which they are

found should be well considered before conclusions are published respecting their

relative age.’

This view is consistent with that held by the leaders in botany. Hooker, Dyer,
Saporta, Dawson, and Asa Gray—^whose recent loss we so deeply deplore—that the
North Polar region is tbe centre of dispersal, from which tbe deciduous Dicotyledons

spread over the^orthem Hemisphere. If it be true—^and I, for one, am prepared

to accept it—^it will follow that for the co-ordination of the subdivisions of the
Tertiary strata in various parts of the world the plants are uncertain guides, as they
have been shown to be in the case of the Primary and Secondary rocks. In all

cases where there is a clash of evidence, such as in tbe Laramie lignites, in which
a Tertiary flora is associated with a Cretaceous fauna, the verdict in my opinion

must go to the fauna. They are probably of the same geologi4il age as the deposit

at Aix-la-Ohapelle.

I would remark further, before we leave tbe floras behind us, that the migration

of new forms of plants into Europe and America took place before the arrival of the

higher types in the fauna, after the break-up of the land at the dose of tbe Car-
boniferous period, and after the great change in geography at the close of the
Neocomian. Tbe Secmidaiy plants preceded tbe Secondary vertebrates by the

length of time necessary fdr the deposit of the Permian rocks, and the Tertiary

^nts preceded the Tertiary verteorates by the whole period of the U]^er
Crotaceous.

. Let us now turn to the fauna.

Professor Huxley, in one of bis many addresses which have Idt their mark upon
our science, has called attention to the perristence of types revealed by the stimy
of PalsBontology, or, to put it in other words, to the singularly little chan^ wluoh
the oribal grou^ of life have undergone since the appearance of life on tne earth.

The* species, genm, and'families present an almost, series of changes, but
the existing orders axe for tbe most part saffSden^lijriide, and include the vast
series of fonUs witho^^ tbe necesdty of hanring ]ie^#vi8ions for their reception,

number of these extinct orders is not equally dlitribnted through the aninud
kmgdom.- Taking the total number of orders at 106, the number of extinct ordera *
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in the Invertebrate amounts only to 6 out of 88, or about seven per cent., while in

the Vertebrates it is not less than 12 out of 40, or 30 per cent. These figures imply
that the amount of ordinal change in the fossil Vertebrates stands to that in the

Tnvertebrata in the ratio of 30 to 7. This disproportion becomes still more marked
when we take into account that the former had less time for variation than the

latter, which had the start by the Cambrian and Ordovicean Periods. It follows

also that as a whole they have changed faster.

The distribution of the extinct orders in the animal kingdom, taken along with
their distribution in the rOcks, proves further that some types have varied more than
others, and at various places in the geological re^rrd. In the Protozoa, Porifera, and
Vermes there are no extinct orders

;
among the CGelenteratos one : the Rugosa ; in the

Echinodermata three: Oystideans, Edriasterida, and Blastoidea; in the Arthropoda
two : the Trilobita and Eurypterida. All these, with the solitary exception of the

obscure order Rugosa, are found only in the Primary rocks. Among the Pisces

there is none
;
in the Amphibia one

;
the liabyrinthodonts ranging from the Car-

boniferous to the Triassic Age. Among the lieptilia there are at least six of

Secondary age: Plesiosauria, Ichthyosauria, Dicynodontia, Pterosauria, Therio-

dontia, Deinosauria; in the Aves two: the Saururse and Odontornitbes, also

Secondary. In the Mammalia the Amblypoda, Tillodontia, Condylarthra, and
Toxodontia represent the extinct orders—the three first Early Tertiary, and the last

Pleistocene. It is clear therefore that, while the maximum amount of ordinal

variation is presented by the Secondary Reptilia and Aves, all the extinct orders

in the Tertiary are Mammalian. *

If we turn from the extinct orders to the extinct species, it will also be found
that the maximum amount of variation is presented by the plants, and all the

animals, excepting the Mammalia, in the Primary and Secondary Periods.

The general impression left upon my mind by these facts is that, while all the rest

of the animal kingdom had ceased to present important modificatioiuat the close of
the Secondary Period, the Mammalia, which presented no great Ganges in the

Secondary rocks, were, to quote a happy phrase of Professor Gaudry, * en pleine

Evolution ’ in the Tertiary Age, And when, further, the singular perfection of the

record allows us to trace the successive and gradual modifications of the Mammalian
types from the Eocene to the close of the Heistocene Age, it is obvious that they
can be used to mark subdivisions of the Tertiary Period, in the same way as the
reigns of kings are used to mark periods in human history. ' In m^ opinion

they mark the geological horizon with greater precision than the remams of the
lower members of the animal kingdom, and in cases such as that of Pikermi,
where typical Meiocene forms, such as Deinotheria, are found in a stratum above
an assemblage of marine shells of Pleiocene age, it seems to me that the Mammalia
are of greater value in classification than the Mollusca, some of the species of which
have been living from the Eocene down to the present day.

Yet another important principle must be noted. The fossils are to be viewed
in relation to those forms now living in their respective geographical regions. The
depths of the ocean have been where they are now since the earliest geological

times, although continual geographical changes have been going on at their

max^ins. In other words, geograpoical provinces must have existed even in the

earlier geolomcal periods, although there is reason to believe that they did not

differ so muw from each other as at the present day. It follows from this that

th« only just standard for comparison in dealing with the fossils, and especially of

tiie later rocks, is, that which is ofiered by the fauna and flora of the geographical

province in which they are found. The non-recognition of this principle has led to

serious confusion. The fauna, for example, of the Upper Sivaiik Formation has

fbeen very generally viewed from the European standpoint and placed in the

Meiocene, while, judged by the standpoint of India, it is really Pleiocene. A
: similar confusion has mllowed from taking the Meiocene flora of Switzerland as a

standard for the Tertiary lidw of the whme of the Northern Hemisphere.
^ It now remains for ue^ ^^ jiiee how these principles my be applied to the co-»

ordination of Tertiary strati in various parts of the worloT In 1880 1 proposed a

dissification of the European Tertiaries, in which, apmt from the B]^ial char
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rncteristic fossils of each group, stress was laid on the gradual approximation of

various groups to the living Mammalia. The definitions are the following :

—

Divisions. Characteristics.

1. Eocene, or that in which the higher Extinct orders.

Mammalia (Eutheria) now on the earth Living orders and families,

were represented by allied forms belonging to No living genera,

existing orders and families.

Oligocene.

2. Meiocene, in which the alliance be- Living genera,

tween fossil and living Mammals is closer No living species,

than before.

3. Pleiocene, in which living species of Living species few.

Mammals appear. Extinct species predominant.

4. Pleistocene, in which living species of Living species abundant.
Mammals preponderate. Extinct species present.

Man present.

6. Prehistoric, or that period outside Man abundant,
history in 'which Man has multiplied ex- Domestic animals present,

ceedingly on the earth and introduced the Wild IMammals in retreat,

domestic animals. One extinct Mammal.

6. Historic, in which the events are re- Records,
corded in hiati^y.

These definitions are of more than European significance. The researches of
Leidy, Marsh, and Cope prove that they apply equally to the Tertiary strata

of North America. The Wasatch Bridger and Uinta strata contain representa-

tives of the orders Cheiroptera and Insectivora, the sub-orders Artio- and Perisso-

dactyla, and the families Vespertilionidse and Tapiridae
;
but no living genera.^

The Mammalia are obviously in the same stage of evolution as in the il^enes of

Europe, although there are but few genera, and no species common to the two.
Tne White River and Loup Fork Groups present us with the living genera

Sciuru8, Castori IlystriXj MhinoceroSf IhcotyleSj and others ; but no living

species, as is the case with the Meiocenes of Europe, In the Pleiocenes of
Ciregon the first living species appear, such as the Beaver, the Prairie Wolf, and
two Rodents (Thojnomys elustus and T. talpoides'), while in the Pleistocene river

deposits and caves, from Eschscholt^ Bay in the north to the Gulf of Mexico in the
south, there is the same grouping of living with extinct species as in Europe, and
thb same evidence in the glaciated regions that the Mammalia occupied the land
after the retreat of the ice.

If we analyse the rich and abundant fauna yielded by the caves and river

deposits both of South America and of Australia, it will be seen that the Pleisto-

cene group in each is marked by the presence of numerous living species in each,

the first being remarkable for their gigantic extinct Edentata, and the second for

their equally gigantic extinct Marsupials.

The admirable work of Mr. Lydekker allows us also to see how these definitions

apply to the fossil Mammalia of India. The Meiocene fauna of the lower Sivaliks

has yielded the living genera JRhinoceroB and Manist and no living species.

The fauna of the Upper Sivaliks, although it has only been shown, and tltat

with some doubt, to contain one living Mammal, the Niighai (Boselaphus trago*

camelwi)^ stands in the same relation to thkt of the Qriental Bemon, as that of the
Pleiocenes of Europe to that of the Paleearctic RegiO|i> and is tWefore Pleiocene.

* The genus Vespen^o has not been satisfactorily determined.—Cope, Heporti^
^rvey qf the Territorie», Tert{4iry Vertehrata,l.tih^ii.
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And lastly, the Narbada formation presents us with the first traces of Palteolithic

Man in India in association with the living one-horned Illiinoceros, the Nilghai, the

Indian Bufialo, two extinct Hippopotami, Elephants, and others, and is Pleistocene.

It may be objected to the Prehistoric and Historic divisions of the Tertiary

Period that neither the one nor the other properly falls Within the domain of

Geology. It will, however, be found that in tracing the fauna and flora from the

Eocene downwards to the present day there is no break which renders it possible to

stop short at the close of the Pleistocene. The living plants and animals were in

existence in the Pleistocene Age in every part of the world which has been investi-

gated. The European Mollusca were in Europe in the Pleiocene Age. The only

difierence between the Pleistocene fauna, on the one hand, and the Prehistoric, on
the other, consists in the extinction of certain of the Mammalia at the close of

the Pleistocene Age in the Old and New Worlds, and in Australia. The Prehistoric

fauna in Europe is also characterised by the ^introdaction of the ancestors of the

present domestic animals, some of which, silich as the Celtic shorthorn {Bos
longifrons\ sheep, ^oat, aiill domestic hog, reverted to a feral condition, and have
left their remains in caves, alluvia, and peat-bogs over the whole of the British

Isles and the Continent. These remains, along with those of Man in the neolithic,

bronze, and iron stages of culture, mark otf the Prehistoric from the Pleistocene

strata. There is surely no reason why a cave used by paleolithic Man should be
handed over to the geologist, while that used by men in the Prehistoric Age should

be taken out of his province, or why he should be asked to study the lower strata

only in a given section, and leave the upper to be dealt with by the archaeologist.

In these cases the ground is common to geology and archaeology, and the same
things, if they are looked at from the standpoint of the history of the earth,

belong to the first, and, if from the standpoint of the history of Man, to the second.

If, however, there be no break of continuity in the series of events from the

Pleistocene to the Prehistoric ages, still less is there in those which connect the

Prehistoric with the period embraced by history. The historic date of a cave or of
a bed of alluvium is as clearly indicated by the occurrence of a coin as the

geological position of a stratum is defined by an appeal to a characteristic fossil.

The gradual unfolding of the present order of things from what went before

compels me to recognise the fact that the Tertiary l^eriod extends down to the

present day. The Historic Period is being recorded in the strata now being formed,

exactly in the same way as the other divisions of the Tertiary have left their mark
in the crust of the earth, and history is incomplete without an appeal to the

geological record. In the masterly outline of the destruction of Roman civilisation
‘ in Britain the historian of the English Conquest was obliged to use the evidence,

obtained from the upper strata, in caves which had been used by refugees from the

cities and villas ; and among the materials for the future history of this city there

are, to my mind, none more striking than the proof, ofifered by the silt in the great

Roman bath, that the resort of crowds had became so utterly desolate and lonely

in the ages following the English Conquest as to allow of the nesting ofthe wild duck.

I turn now to the place of Man in the geological record, a question which has ad-

vanced but little since the year 1864. Then, as now, his relation to the glacial strata

in Britain was in dispute. It must be confessed that the question is still without a

satisfactory answer, and that it may well be put to * a suspense account.’ We may,
however, console ourselves with the reflection that the River-drift Man tmpears

in the Pleistocene strata of England, France, Spain, Italy, Greece, Algiers, Egypt,

Palestine, and India along with Pleistocene animals, some of which were pre-

glacial in Britain. He is also proved to have been post-glacial in Britain, and was
probably living in happy, sunny, southern regions, where there was no ice, and
therefore no glacial period, throughout the Pleistocene Age.

It may further be remarked that Man appears in the geological record where
he might be expected to appear^ In the Eocene the Primates were represented by
various Lemuroids {Adapts, Neet'olemur, and others) in the Old and New Worlds.

In the Meiocene the' {Dryopithecusj Fliopithecus, Oret^hecus) appear in

Eur^^ while Man himself appears, along with the living spScies of Mammalia, in

.the Pleistocene Age, both in Europe and in India.
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The question of the antiquity of Man is inseparably connected with the further

question: ^Is it possible to measure the lapse of geological time in years

Various attempts have been made, and all, as it seems to me, have ended in failure.

Till we know the rate of causation in tlie past, and until we can be sure that it

has been invariable and uninterrupted, 1 cannot see anything but failure in the

future. Neither the rate of the erosion of the land by sub-aerial agencies, nor its

destruction by oceanic currents, nor the rate of the deposit of stalagmite or of the

movement of the glaciers, have as yet given us anything at all approaching a
satisfactory date. We only have a sequence of events recorded in the rocks,

with intervals the length of which we cannot measure. We do not know the

exact duration of any one geological event. Till we know both, it is surely impossible

to fix a date, in terms of years, either for the first appearance of Man or for any
event outside the written record. We may draw*cheques upon * the bank of force’

as well as ‘ on the bank of time.’

Two of my predecessors in this chair. Dr. Woodwa^ and Professor Judd, have
dealt with the position of our science in relation to Biology and Mineralogy.

Pi*ofes8or Phillips in 1864 pointed out that the later ages in Geology and the

earlier ages of mankind were fairly united together in one large field of inquiry.

In these remarks I have set myself the task of examining that side of our science

which looks towards History. My conception of the aim and results of Geology
is, that it should present a universal history of the various phases through* which
the earth and its inhabitants have passed in the various periods, until ultimately the

story of the earth, and how it came to be what it is, is merged in the story of Man
and his works in the written records. Whatever the future of Geology may be, it

certainly does not seem likely to sutler in the struggle for existence in the scientific

renascence of the nineteenth century.

The following Papers were read :

—

1. Further Note on the Mid/ord Sands} By Horace B. Woodward, F.O.S.

[Communicated by permission of the Director-General of the Geological Survey.]

The term Midford Sands, introduced in 1871 by Professor Phillips, has been
accepted by many geologists because it avoided the confusion that haa arisen from
the use by some authorities of the term Inferior Oolite Sands, and by others of

Upper Lias Sands.
At Midford the upper portion of the Inferior Oolite (zone of Ammonites Bar-

Tdnsmi) rests directly on the Sands, whereas in other parts of Somersetshire, in

Dorsetshire and Gloucestershire, the lower portion of the Inferior Oolite (com-

§
ridng the zones ofA. Humphriesianus and A. Murchisonee) is present above the
iands. In the absence of palmonfblogical evidence, it has b^n questioned whether

the Midford Sands are really equivalent to the Sands in other parte of the south-
west of England. Hence other local names, e.g., the Yeovil and Bridport Sands,
and the Ootteswold Sands, have been introduced.

Begarding the zone of Ammonites opalinus and the Gloucestershire Cephalo-
poda-]^ as a portion of the Cotteswold Sands, there is no doubt about their

correlation with the Sands of Bridport and Yeovil. Two species of Ammonites
{A. striatvlm and A. aalensis) have been obtained by the Kev. H. H. Winwodd
from the Midford Sands. The latter of these species was recorded by myself, on
the authority of Mr. Etheridge, in 1870, but its occurrence has been overlooked.
More recently I have seen in the William-Smith Collection in the British Museum
an Ammonite from the Coal-canal at Midford

;
and this has been identified by

Mr. Etheridge and Mr. R. B. Newton os very near to, if not identical with,
A. Leoesqueif a sp^ies recorded by Dr. Lycett from the Gloucestershire Cephalopoda-
bed. These s^ies show that the Midford Sands belong to the same general
horizon as the Sands of Gloucestershire and Dovsetshure, so that there is no a&quate

* A previous Note*on the Midford Sands was published in the Oeol. Maq, 1872,
p. 518.
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reason for discarding the name Midford Sands. If the beds near Bath have not
proved so fossiliferous as those in other localities, there is no reason why they
should remain so ;

for in Dorsetshire there are many sections where the beds appear
barren, in close proximity with other exposures that yield an abundant fauna.

2. The Relations of the Great Oolite to the Forest Marhle and Fuller*s-earth

in the South-west of England, By Horace B. Woodward, F.G,S.

[Communicated by permission of the Director-General of the Geological Survey.]

The southerly attenuation of the Great Oolite, and its absence in Dorsetshire,

have been generally attributed to lateral changes in the strata—it being considered
that the Great Oolite is mainly replaced by Foyest Marble (which has been stated

to increase in thickness southwards), and perhaps in part by the Fuller’s-

earth.

In Gloucestershire the Great Oolite and Forest Marble are so interblended that
there is no real line of demarcation. At Bradford-on-Avon this is not the case : the
surface of the Great Oolite, with its clusters of Apiocrinusj indicates a pause in

deposition, and we have locally a good line of division between this formation and
the Bradford Clay, which is a suOrdinate portion of the Forest Marble. South-
wards the Bradford Clay horizon extends to the Dorsetshire coast, but the Great
Oolite is no longer found, and we see no evidence of the Crinoid growth in situ.

The estimated thickness of the Forest Marble in Dorsetshire has been much
exaggerated, and the evidence furnished by the persistence of the Bradford Clay is

opposed to the view that the Great Oolite is replaced in any way by the Forest

Marble.
In Oxfordshire and Gloucestershire the Great Oolite and the Stonesfield Slate

merge downwards into the Fuller s-earth with no marked stratigraphical division,

and this is the case as far as Lansdown, near Bath. Northwards the Fuller's-earth

is much attenuated, and near Chipping Norton it rests on a higher stage of the

Inferior Oolite than we find in the Cotteswold Hills, as if in the former area the

conditions attending the deposition of Inferior Oolite lingered longer. Rarely do
we find any interblending of Inferior Oolite and Fuller’s-earth

;
indeed, we some-

times find indications of local pauses in deposition, marked by annelide burrows, &c.

So that on^tratigraphical grounds the FullerVearth is more intimately connected

with the Great Oolite than with the Inferior Oolite.

In Dorsetshire the Fuller’s-earth series attains its greatest development in this

country, and is separable into Upper and Lower clayey divisions with an inter-

mediate bed of Fuller’s-earth Rock. These divisions may be traced northwards to

Lansdown and Slaughterford, near Bath, where, the Fuller’s-earth Rock is present

in an attenuated form, and where the Upper Fuller’s-earth merges into the base of

the Great Oolite.

It is therefore clear that the mass of the Great Oolite is not represented in the

Fuller’s-earth series of Dorsetshire, although its lower beds may be partially replaced

by the Upper Fuller’s-earth. The mass of the Great Oolite, therefore, either

wedges out abruptly south of Bradford-on-Avon, or has been to some extent

^nuded. On the whole, it appears probable that the Great Oolite has been denuded

<-^the erosion being local and contemporaneous so far as the Great Oolite series is

concerned. The structure of the Forest Marble, with its clay-galls, its current-

bedded limestones made up of broken shells and oolitic grains (the latter sometimes

in a sandy matrix), favours the notion that it may have been lately derived from

previous accumulations; and this opinion was suggested by Dr. Sorby from a
microscopical study of some of the beds.

The organic remains of the Fuller’s-earth include many species common to the

Inferior Oolite and many oomifion to the Great Oolite. Of seventy-two species,

obtained during the course of the Geological Survey, fifty-eight are known also

in the Great Oolite and forty-two in the inferior Oolite, a* nlimber being common
*to the two formations. The palaeontological evidence therefore coincides with the
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stratigrapliical, that the Fuller^s-earth on the whole is more intimately connected
with the Great Oolite than with the Inferior Oolite. For convenience of classifi-

cation it should therefore he placed with the Great Oolite series.

3. Note on the Portland Sands of Swindon and elsewhere.

By Horace B. Woodward, F.Q.S.

[Communicated by permission of the Director-General of the Geological Survey.]

Attention was drawn to some fresh sections at Swindon and these confirmed the

sequence made out by Professor J. F. Blake from somewhat scattered data. The
sandy beds that yield the Swindon Stone were originally grouped as ‘ Portland
Sands,’ but they clearly belong to the Portland Stone division, as pointed out by
Mr. Blake. The basement bed hqfe and at Aylesbury consists of a conglomeratic
band containing lydites, a few quartz pebbles, and some derived fossils. The true

Portland Sands occur below, and are about 60 feet thick. The sequence is as

follow's :

—

feet

Portland Stone, with lydite bed at base and in upper part of

clay beneath. ’

'’3. Blue and brown clay 19

2. Sandy calcareous rock. Oyster-bed with small
Portland acuminate oyster ...... 8
Sands. 1. Greenish and yellowish sands with huge concre-

tionary masses of calcareous sandstone. The
,

\ sands merge downvrards into 30 to 40
Kimmeridge Clay.

Comparing the sequence with that at Aylesbury, worked out by Mr. Hudleston,
we find the Portland Stone with lydite bed at base resting on the Hartwell Olay.

This clay, like the Blue and brown clay (No. 3.) at Swindon, was originally taken
o be Kimmeridge Clay, but the former has been shown to be on the horizon of the
Middle Portlandian of French geologists

;
and there is no doubt, on stratigraphical

and palasontological grounds, that the clays of Sw'indon and Hartwell are on the
same approximate horizon, and that both belong to the Portland Sands. We have
not clear evidence of the sequence beneath the Hartwell Clay at Ayleshurv ; but a
deep well at Stone, in that neighbourhood, showed the presence beneath the Port-

land Stone of Blue clay. Limestone, Dark sand, and then Blue clay again—this last-

named bed being, no doubt, the true Kimmeridge Clay, although detailed measure-
ments are wanting.

Doubtless there is some inconvenience in a term like Portland Sands, when it

includes prominent beds of clay like those of Swindon and Hartwell, and when the
Portland Stone of Swindon is so largely represented by sand. We might employ
the terms Upper and Lower Portlandian were it not that on the Continent a three-

fold division has been adopted, and the Lower Portlandian embraces beds that in

this country cannot be separated from the Kimmeridge Clay. The Middle Port-
landian, as before mentioned, represents our Portland Sands and Hartwell Olay

;

and Professor Blake has applied the term Bolonian to these Middle and Lower
Portlandian beds. On stratigraphical grounds it does not appear possible for us th

adopt that term, and on the whole the following grouping appears best adapted for

the English strata :

—

Upper Portland Beds—Portland, Tisbury and Swindon Stone.

Lower Portland Beds—Portland Sands and Hartwell Clay.

It is true that at Swindon and Hartwell the Lower Portland Beds are more
intimately connected, on stratigraphical grounds, with the Kimmeridge Olay than
with the Upper Portland Beds; but this is not ^e case on the Dorsetshire coast,

where no conglomeratic band has been met with at the base of the Portland Stone.
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4. On Local Geological Photography, By Osmund W. Jeffs.

In this paper the author suggests the desirability of taking steps to secure the
formation of a collection of photographic views illustrating the geological features

of each county.

Isolated attempts to record local geological features of importance have been
made by several provincial societies, amongst others by the I^eicester Literary and
Philosophical Society, Liverpool Geological Society, Belfast Naturalists’ Field Club,.

Chester Society of Natural Science,^ the Geological Society of Yorkshire, the

Croydon Microscopical and Natural History Society, &c.
;
but there is need for some

systematic scheme to secure uniformity of action in every district in England.
This could best be done by the appointment under this Association (which i»

in touch with all centres of scientific activity in the United Kingdom) of officers

in each county charged with the arrangement of details and superintendence of
local photographic surveys in their respecti^ districts. The results obtained

would be duly preserved, recorded, ana cataJdgued by a central officer of the
Association, who would give facilities for the purchase and exchange of views.

It is important that the date, name of photographer, and full descriptive

details (accompanied by explanatory sketches when necessary) be attached to

every picture taken. The suggestions made in the paper are for consideration, and
sul^ect to such modification as may be arranged by the Committee or the Officers

of Section 0.

Photographic records of sections and of other geological features and physio-

graphical phenomena are not only invaluable as aids to class-teaching" and
geological instruction generally, but they will serve to preserve for future reference

the details of many exposures of strata and other important landscape features

which in course of time, by natural and other agencies, are in danger of becoming
obliterated.

5 . Further Notes on the Origin of the Crystalline Schists of Malvern and
Anglesey. By Charles Callaway, B.Sc.^ M.A., F.G.S.

At the meeting of the Association in 1887 the autlior noticed that in the

Malvern Hills the foliation was zonal. The igneous rocks, as a shear zone was
approached, acquired a parallel structure, and where the zone was penetrated by
granite veins hornblende was converted into black mica. In Anglesey also some of
the schists resulted from the shearing of igneous rocks, and it was suggested as

probable that the limestones of the Older Archaeans were endogenous deposits

derived from the decomposition of the adiacent rocks.

Subsequent work in the field and cabinet confirmed and enlarged the above
results. At Malvern some new shear zones were examined. At one locality

diorite interlaced with vortical granite-veins passed, within the breadth of a yard,

into a banded gneiss, with a dip of 70®. Both granite and diorite exhibited pro-

gressive shearing and mineral change. The granite (binary) passed through the

usual stages into muscovite^neiss. These seams were interbandod with a dark

schist, consisting mainly of hornblende crystals flattened out, white mica and
black mica.

A large series of observations sho\ved that when a complex of granite and
diorite was sheared, mica was produced in both. In the diorite either biotite was
formed from the hornblende, or muscovite replaced soda-lime felspar. Sometimes

both micas were generated in the^ diorite. ^

Injection schists were sometimes formed by in^traiion. Granite and diorite

were in contact. Shearing was progressive towards the granite and into it. The
diorite near the junction went largely to chlorite and iron-oxide. These passed

into the cracks of the crushed ^amte, and as the latter was progressively sneared

they retained their place between the folia of quartz and felsjmr. Thus a chlorite

gneiss was formed. Black mica was sometimes generated in the chlorite, especially

round opaque dots (P iron-oxide). •

The mica (? sericite) schist of the western spur of Ragj^ed Stone Hillwas formed
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from diorite. The chemical change was greatest where the shearing reached its

maximum. In an intermediate stage the rock was a sort of grit, consisting of

parallel seams of felspar fragments immersed in chlorite. Much lime was liberated

as carbonate. The percentage of silica rose during the process of schist-making

from forty-seven to sixty-five.

In Anglesey additional evidence for the conversion of felsite to mica-schist had
been procured. At Forth Nobla a felsitic rock passed into halleflinta, which, by
shearing, graduated into schists. The granite of Llanfaelog was intrusive in these

and other adjacent rocks. The author’s time-succession m the older schists of

Anglesey could not, of course, be regarded as more than a mineral succession in the

light of the new views of metamorpbism. The case was different with the Newer
Archsean (? Pebidian) series, in which there was a passage between the hypometa-
morphic slates and true crystalline schists, the foliation of the latter coinciding

with the bedding, which was clearly indicated by bands of grit.

1

6. Sicetch of the Geology of the Crystalline Axis of the Malvern Hills,

By Charles Callaway, I). Sc., Jlf.ri., F.0.8.

This ridge was composed of rocks* which had originally been eruptive, but in

places they had undergone such important structural and chemical changes that

they might fairly be called * metamoi’phic.’ The original rocks were diorite

(several varieties), epidiorite, a binary granite, and felsite The principal rocks of

secondary origin were muscovite gneiss, biotite gneiss, hornblende gneiss, and mica
schists, some of these schists being simple (formed from one kind of rock), while

others were injectimi schists (formed out of veined masses).

In the North Hill massive diorites predominated, but a gneissic structure was
frequently produced by pressure. The mass, which culminated in the Worcester-

shire Beacon, consisted of diorites with intrusive granite. The granite veins in diorite,

accompanied by shearing, gave rise to various gneisses. At the Wych there was a

chlorite gneiss, which w'as a sheared granite, into which chlorite from decomposed

diorite had infiltrated. Between here and the Wind’s Point the rock was mainly
diorite wdth granite veins, occasionally compressed and sheared. The Herefordshire

Beacon was of similar composition, but ite eastern spurs consisted of felspathic

rocks, some of which, according to ^Ir. Rutley, were perUtic felsites. These rocks

were probably of Uriconian (Newer Archaean) age, and might perhaps be cor-

related with the Pebidian of Hr. Hicks.

Granite in masses formed the northern end of Swinyard’s Hill
;
near the

southern end it was sheared into mica gneiss, and at the southern extremity, in

association with diorite, it formed injection schist. Midsummer Hill was mostly
diorite. Ragged Stone Hill was a complex mixture of diorite, granite, felsite, ana
epidiorite. At the south-eastern spur felsite was sheared into mica schist, while
the south-western spur mmnly consisted of a mica schist, which could be traced

into a diorite. This schist was overlain unconformably by the HoUybush Sandstone
(Cambrian). The bulk of the Malvern crystalline rocks were Older Archaean. The
Malvern axis was thus seen to furnish many interesting facts bearing on the origin

of the crystalline schists.

7. Archean Characters of the Bocks of the Nucleal Banges of the Antilles.

By Dr. Persifob Frazer.
*

During a visit this year to the south-eastern part of the island of Cuba, the

speaker had made some examinations of the rocks which form the nucleus of the
spurs of the Sierra Maestra, and there is strong reason to believe ofjthe axial range
01 the entire island and of Jamaica, Santo Domingo, Puerto Rico, and the Wind-
ward Islands as well.»From the field observations there made, and an examination
of the specimens under the microscope, it seems highly probable that these rocks,

instead of being igneous extrusions of the Tertiary peried and later, are in reality

of much earlier ^te,*and may not be entirely volcanic.
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The considerations which support this view are

—

1. Microscopic analysis shows immense alteration to have taken place, and con-
sequently a very long period to have elapsed.

2. The complexity of the congeries of rocks forbids the hypothesis of their
having been derived from one mass. Where this congeries, therefore, is uncon*
formably adjacent to the Tertiary, there can be no reasonable doubt that the crys-

talline rocks are the elder. This point of view was suggested by Mr. Teall, who
would consider the argument valid also for the contact with the Cretaceous, and
perhaps older series. It is difficult to see why it should not hold equally good for

the contact between these crystalline and the Paleozoic rocks as made out by De
Castro near Cienfuegos, &c.

3. The characters of the several associated rocks are those which one finds

united in very many Archean regions throughout the world.

4. The products of alteration of these rocks are similar to those which one finds

in the distncts just alluded to.
^

6.

The chemical peculiarities of the iron ores found in contact with these rocks
are similar to those which one finds in the ores of the Archean regions, both in the

low percentage of phosphorus and in the pyrite and (more sparingly) chalco-

pyrite disseminated through the ore, and in other respects.

6. If this nucleal mass had been forced up from the earth’s interior in a state

of igneous fusion there would not be now (as there are) abundant traces of strati-

fication and structure, implying an original sedimentation.

7. If this mass had resulted from volcanic outflow there must have been
contact phenomena, and changes induced on the surfaces of the rocks with which it

was brought in contact. No such contact alteration has been observed between
these rocks and those of either the Paleozoic, Mesozoic, or Cenozoic groups which
in different localities meet them.

8. The direction of the range, considered as a whole, lends support to the

hypothesis that it is a fork of the Andes which, diverging from the main axis in

Guatemala, traverses the peninsula of Yucatan, and in a symmetrical curve sweeps
through the highlands of Cuba and Jamaica, Hayti, Puerto Bico, the Windward
Islands, and the N.E. coast of Venezuela. This rim of high land once enclosed

the Caribbean as another Mediterranean Sea.

9. The shapes of the hills of this range, produced by weathering, are not those

usually visible in regions of volcanic, but rather of metamorphic rocks.

The rocks which furnished the basis for the above conclusions are all, or nearly

all, alteration products. In some cases they appeared to be the results of a series

of metamorphoses, some of their constituents seeming to pass through cycles of

change, ending in the mineral with which the alteration began after a number of

intermediate stages. The rocks are Diabases or Diorites, with Epidote, Porphy-
ritic Dolerites, which resemble and have been taken for Syenites

;
Garnet rock

;

Actinolite
;
Felsite and Orthofelsite Porphyry, like that of the South Mountain

of South-eastern Pennsylvania, of St. David’s Head in Wales, and elsewhere. To
these are added Pyrite, and iron ores and crystalline limestone. Copper and man-
ganese ores are not rare, but their relations to the rocks under consideration have

not been made out.

Note.—A number of the first petrologists of Europe who have examined their

slides are disposed to consider the specimens of not later than Paleozoic age, while

none are willing to deny that they may be earlier.

8. On a Specimen of Quartz from Australia and Three Specimens of

Oligoclase from North Oarolina exhibiting curious Optical Properties.

Py Dr. Pebsifob Frazer.

Mr. George F. Kunz, Gemmist for Tiffany & Co., of New York city, and reporter

on the precious stones of the. Dnited States for the United States Geolo^cal

Survey, desires through me to call attention to these min^als, on the curious

optical properties of which a preliminary note appears in the ^American Journal
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of Science ’ for September. Further inTestigations will be published in succeeding

numbers of this journal. The Ollgoclase presents an appearance like that seen in

deTitrified glass, where numbers of small star-like masses appear in the transparent

matrix. The quartz, which unfortunately has been superncially polished, exhibits

twin structure when viewed along the axis oo P, the alternate parts of the twin
beii^ differentiated by smoky and clear quartz.

In the interior a singular segregation of foreign matter has taken place along
the plains of twinning, but in such a manner as to mark the outline of a hexagonal
or dur^onal pyramid.

FRIDAY, SEPTEMBER 7.

The following Report and Papers were read ;

—

1.

Sixteenth Report on the Erratic Blocks of England, Wales, and Ireland,

See Reports, p. 101.

2.

On a High Level Boulder-clay in the Midlands.

By Dr. H. W. Ceosskey, F.0.8.

3.

On the Extension of the Bath Oolite under London, as shown hy a Beep
B(yring at Streatham. By W. Whitakee, B.A., F.B.8.

The attempts to get water from beds deep underground in and near London
have done much to reveal the geological structure of that district, and to prove what
was before only the theory of the geologist to be a fact, namely, that along part of

the valley of the Thames the regular succession of the formations is broken ny the

occurrence of a mass of older rocks, rising up so as, in some cases, to come next

beneath the Gault.

This has been brought about by the underground extension ewtward of the

great line of disturbance, of which so much is seen at the surface in the west of

England, in the great saddleback of the Mendips, in the trough of the
^
South

Wales Coal-field, and in the bringing in of coal-fields under Jurassic formations.

Whether the Bath waters have anything to do with this disturbance I cannot

say, but we have not yet succeeded in tapping them under London.

Not the least interesting result of the set of experiments in deep boring has

been the discovery of beds ot Jurassic age in two of the borings, at Meux’s Brewery
and at Richmond. These beds, though comparatively thin, can be referred witn

safety to the lower division of the series, or that'which is so well developed round

Bath, both from their character and from their fossils.

A boring now being made bv the Southwark and Vauxhall Water Company
at Streatham, a southern part of London, has passed through the following for-

mations, and then, at the depth of 1,081^ feet, has passed at once into Jurassic

limestone :

—

feet

Tertiary beds 241^
Chalk .623*
Upper Greensand 29

Gault 168

This limestone is hard, compact, for the most part of coarsely oolitic structure

and with small fragments of shells. It is almost exactly like some of the Forest

Marble of Wiltshire, so much indeed that specimsiis from the two can hardly be

distinguished.

As it is in the two other borings nearest to Streatham that Jurassic rocks, also

referred to the Forest Marble, have been found, we may fairly infer the existence of
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a continuous sheet of these rocks from the central part of London for some miles
southward. How far south we cannot say. We can, however, limit the northerly

extension, as in the northern part of London and beyond no Jurassic beds have
been found. On the east, too, along the valley of the- Thames, they soon end ofl’,

though they may extend far beneath the broad tract of the Weald, and perhaps
also under some of the bordering chalk tract.

The object of the various borings alluded to has been to get water from the
Lower Greensand, which formation comes next beneath the Gault at the outcrop

on the south, right through Surrey and Kent. The borings have, however, proved
that it thins out underground northward, not reaching so far as London.

The only chance, therefore, of getting water from this formation near London
seems to be by tapping some older formation which- may come into* contact with
the Lower Greensand in some part of its undergiound course, and may be perme-
able enough to receive and to carry off some of its water. The Jurassic limestone

as yet found at Streatham is too compact for this, but the boring will be continued
for awhile in the hope of reaching beds of looser texture.

Should the Company, however, feel compelled to abandon the work, it is to be
lioped that some means may be taken to carry it on as a scientific experiment, in

order to find out what formation comes beneath the Jurassic beds, which, in the

two borings that have pierced them, are succeeded by red sandstones and marls of

doubtful age, or by undoubted Devonian rocks. We have now another chance of

solving an important problem, the question whether Coal Measures occur along the

valley ofthe Thames.
ijoTB.—Since this paper was read the boring has been carried through the

Jurassic beds, which are only 38^ feet thick, and has entered a set of compact cal-

careous sandstones, grey and greenish grey, mottled with maroon-colour, probably
with beds of clay (specimens of which are not brought up by the boring-tool).

These beds are like those of Richmond and of doubtful age—New Red or Old
Red?

4. On the Loiver Carhoniferous Jtocl's of Gloucestershire,

By E. Wethered, F.G.S., F.C.S.,

In Gloucestershire there are two coalfields, namely, that of the Bristol and
Forest of Dean. The Carboniferous Limestone Series of Gloucestershire were long

ago divided by Sir H. De La Beche as follow’s :

Upper Mixture of Sandstones.

Marls and Limestones • • •

Clifton

feet

400

Forest of I)ean
feet

14G
Central Portion • • • . 1,438 480
Lower Shales . . . • • • 600 166

2,338 791

The author has proposed some detailed alterations with regard to the Bristol

coalfield which are stated in the
^
Quarterly Journal of the Geological Society ’ for

1888, p. 187, but the above divisions have been generally accepted under the

terms Lower Limestone Shales, Carboniferous Limestone, and Upper Linjestone

Shales. Professor Hull has giyen a classification of the Carboniferous Series

throughout the country (* Quart. Journ. Geol. Soc.’ 1877), based on the various

stages which occuri;ed during the deposition of the rocks. The author supports

the principle of that classification, and is of opinion that the Lower Carboniferous

rocks of Gloucestershire might be correlated with the same, formation in the north

of England. If this could be done it might be possible to adopt terms for the respec-

tive stages which would apply to the north and south of England, end thus avoid

the complication of terms now in uSe^

The author then recited the stages wl|^h occur in the Carboniferous Lime-
stone of Gloucestershire. Above the Old Rea Conglomerate there appears a series of

1888. V V
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sandy Iwds which are best developed in the Forest of Dean. These consist of
micaceous green shales, and red purple and yellow sandstones. Some are cal-

ciferous and readily effervesce when treated with acid. No fossils have been

found, bui quartz pebbles occur in some of the beds. >

The strata just referred to pass up into limestone and shales, the so-called

Lower Limestone Shales. In the Forest of Dean the lime'stones are largely made
up of the valves of Ostrocoda, among which the following have been determined £

Kirkbya mriabiliSf K. pticata, Cyth^'eUa extuheratay Bythocypria aublunatay axA
Danainula hetmiciana (J). Among the other fossils which are numerous may be

mentioned At/iyrtsBoyssii, IthynchoneUa pleurodon, Encriniteaand Polyzoa^ Among
the latter the following have been determined : Rhabdomeson gradUy Phill., and
FenesteUa tuberculocarinatay Ether. Junr. In the Lower Limestone Shales of the

Bristol coalfield Ostracoda are not so plentiful, though in some beds the valves of

these small Crustacea are numerous. Rhynchonella pleurodm, Athyria Roysaiiy

Froductua, Spirifera (^rinoids and* Polyzoa occur. At Clifton the Lower Shales

are followed by a crinoidal limestone hnown as the Black Rock, which is about

490 feet thick, and is not represented in the Forest of Dean. The Black Rock series

are followed by seventy feet of Dolomite, and then by about 100 feet ofwhite oolitic

limestone which the author regards as the true base of the Middle or Carboniferous

Limestone. The author has grouped the Lower Limestone Shales with the Black
Rock under the terra Lower Limestones, and he considers the stage to occupy the

horizon of the Tuedian and Calciferous series of the north of England and Scotland.

As to the sandy beds which lie between the Old Red Conglomerate and Lower Lime-
stone Shales the author regards them as the equivalent of the lower portion of the

Transitional series of Phulips and the Calciferous of Scotland. The true upper
limits of the Old Red Sandstone should be drawn at the Old Red Conglomerate.

As to the Middle Limestone there can be no doubt that it is the equivalent of

the Carboniferous Limestone as generally understood, but the latter term the author
thinks objectionable, and he would term the whole series Carboniferous Limestone.

The Middle Limestone is largely made up of Foraminifera and Calciaph<xray but
corals, polyzoa, crinoids, and shells occur, somiptimes in quantity. In the Forest

of Dean the Middle Limestone is extensively dolomitised.

Coming to the Upper Limestones
;
at Clifton it is difficult to draw the line at

which the series should commence, as there is little alteration in the structure

from that of the Middle Ijimestones. Corals are more numerous, coarse oolitic

beds appear, and the beds become mixed with millstone grit. In the Forest of
Dean the upper stage is well and clearly defined by two characteristic lime-

stones known as the ‘ Crease ’ and * Whitehead.’ The ibrmer of these has become
partially crystallised, but in some beds Rroductua is numerous, and also Calcic

aphm'a.
The millstone grit is about 900 feet thick in the Bristol, coalfield, and is a

hard, slightly pink-coloured quartzite. In the Forest of Dean it is about 270 feet,

and is a loose yellow red and mottled sandstone made up of well-rounded grains

of quartz. The lowest beds are argillaceous and contain remains of Lepidodendra,

5. On the Tytherington and Thomhury Section,

By the Rev. H. H. Winwood, F.0.8,

The author gave a i^ort description of the section between Tytherington and
Thornbury which memliers of the Association had an opportunity of visiting on the
Saturday excursion. Beginning at Mr. Hardwicke’s quarry, close to the Tvthering-
ton Station, the Carboniferous Limestone is seen rising sharply from the (Gloucester-

shire Ck>al-field, followed by the whole series ofbeds of this formation, Upper, Middle,
and Lower in descending order, until the Old Rs^ Sandstone and Conglomerate
appear at the .Thornbury end. The chief poinlli^b^^^ in the Section are:

(1) the * Firestone ’ beds to be seen near the top the quar^, dense siliceous beds
mark^ the gradual coming in of t)M Millstone (^t. (2) The reversed fault
bringing the fine-grained yellow beds cn the Doloinitic Conglomerate similar to th&
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so-called Mag^nesian Limestone at Clevedon, against the Carboniferous Limestone,
causing rolls and fractures for the space of some 500 feet, when the latter formation
appears agiiin, but now with the Dolomitic Conglomerate, everywhere resting hori-

zontally on its upturned and denuded edges. (3) The cropping up of the * Bryozoa ’

bed just before the last tunnel, giving a definite horizon for the correlation of this

section with that at the Avon gorge. (4) The appearance at the base of the section

of the Old Red Conglomerate with the,coarse l)olomitic Conglomerate, containing
pebbles of white quartz. Old Red Sandstone and Limestone, resting on its edges and
with difficulty to be distinguished from the latter. ,(5) The reappearance at the
end of the cutting of the same fine-grained yellow limestones divided by bands of
shale and clay lying horizontally on the coarse Conglomerate beneath.

6. The Northern Section, of th^. Bristol Coal-field.

By Handel Cossham, l/.P., F.O.S.

After some general remarks on the character of the Bristol Coahfield, and its

more complicated geological features, the author referred to the opinions of the

principal geologists who have described the district, and recalled attention to his

paper on a mistake in the geological maps of this Coal-field (read at the Bath
meeting of the British Association in 1864).

He then drew attention to certain remarkable faults found in the Bristol Coal-

field, with explanations of the same ;
and observed that they furnished illustra-

tions of lateral pressure rather than of vertical movement.
He gave some account of the upheaval of the Mendip Hills, Broadfield Down,

&c., subsequent to the fotmation of the Coal-field; alluding to the rent in the

Palaeozoic strata which forms the Severn valley, and to the severance of the Coal-

fields of South Wales, Dean Forest and Bristol. A remarkable discovery was
made by him, in 1884, of a great overthrust fault, the effect of which has been to

double the known coal resources on the western side of the Bristol Coal-field. His
observations threw some light on the complicated geological section of the Avon
gorge, and on the future of the Bristol coail supply.

7. Some Points of Interest in the Geology of Somerset.

By W. A. E. UssHEB, F.G.S.

[Communicated by permission of the Director-Ceneral of the Geological Survey.}

Three subjects were put forward as 'v^rorthy of attention, and demanding a solu-

tion.

First. The position of the Carboniferous Limestone patches in the Coal-Measure
area at Vobster and Luckington.

Secondly. The borderland between the Devonian and Culm Measures and the

rocks of Old Red Sandstone and Carboniferous (proper) type.

Thirdly. The relations of the Lower Devonian beds in West Somerset.

In the first place, he suggested a thrust-fault through the Mendip axis carrying

its upper portion northward so that the upward continuation of the Limestone on
the north side of the Mendips should be shifted to the position indicated by the

Vobster pashes, the relations of these patches to the Coal Measures beneath and

around being subsequently affected bv step faults. This alternative hypothesis

seemed to him more simple than Mr. H. B. Woodward’s faulted anticlinal curves,

and was merely put forward as a tentative hypothesis.

In the second place the author deprecated absolute correlations of divisions of

Devonian and Carboniferous beds, whilst accepting the philosophical aspects of the

general correlations of the late Professor Jutes and of Professor Hull. He con-

sidered that the area in which bpth types occurred side by side de^rved primary

attention. The relative position of the Canmngton Park (Qarboniferous) Lime-

stone to the Middle Devonian rocks of the Quantocks and the Oannington and other

Miers, supposed to be Middle Devonian, was given, as also the position of the

u u 2
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nearest Upper Devonian rocts and Culm Measures. From tlie strike of the Upper
Devonian rocks he considered that they would be found under the Trias of the

Vale of Taunton, and might trend northward under the Bridgewater Levels, till

cut off by fault or unconformity bringing on the Carboniferous beds of normal type.

He believed a very careful comparison of the relations of the Belgian Lower
Carboniferous and Upper Devonian rocks with the Culm Measures and Upper
Devonian rocks of Devon and Somerset would throw much light on the question.

Lastly, briefallusion was made to the absence of the Lynton beds east of Luccot
Hill, and to the possibili^ of^ their occurrence, as also of the presence of Foreland
grits in the north of the Quantocks.

SATUR3AT, SEPTEMBER 8.

The following Papers and Report were read :

—

1.

Gomparison of tJie principal Forms ofDinosauria of Europe and America.
By Professor 6. C. Marsh.

2.

The Evolution of the Mammalian Molar Teeth to and from the Trituher-

cular Type.^ By Henry Fairfield Osborn.

Out of 82 species of mammals from the lowest Eocene of America (Puerco),

all but four have tritiihet'cular superior molars. From this type it is demonstrated
that the molars of many of the Marsupialia of the Carnivora, Insectivora, Lemu-
roidea and Primates, Ungulata, »&c., are derived, by the addition of cusps. To this

type it is demonstrated that the molars of the Triassic and Jurassic mammalia lead.

It is a central type.

The history of each of the cifsps can be traced in all the mammals in which the

molars have passed through the tritubercular stage. A nomenclature is therefore

proposed as follows: the pt'otocone^ for the cusp which represents the primitive

reptilian cone
;
thepara and metaconeSf for the cusps on either side of this. These

rotate inwards in the lower jaw and outwards in the upper jaw, to form the

tritubercular type. In the lower molars a heel is next formed, the hypoconidf this

leads to the formation of the intermediate cusps upon the upper molars, the jEMtra

and metaconules. Finally the heel is formed upon the upper molars, the hypocone,

conmleting the sexitubercular crown.
These stages of evolution are also named as follows

:
protodont^ primitive

reptilian crown stage
; triconodont stage, with the large central and two lateral

cones
;
tritubercular (Cope)

;
sexituhercular, the parent ungulate type with six

tubercles, and the quadrituhercular. The lower molars pass more rapidly through
the tritubercular to the tubercidar-sectorial (Cope) and quadritvbercidar stages.

The development of the cusps is believed to be, in a measure, mechanical
(Lamarck, Ryder, Cope) : a. New cusps appear at points of vertical interference

between upper and lower molars; b. (Jusps take new shapes as a result of hori-

zontal interference between upper and lower molars.

Not all mammalia are believed to have acquired this type. Those which have
not are believed to have become extinct, this type having favoured the lines which
acquired it. At any one period we find progressive, conservative, central ai^d per-

sistent types of molars, standing at various stages of the trUvhercular evolution.

3.

On the Gigantic Size of some Extinct Tertiary Mammalia,
By Professor A. Gaudbt.

The author drew attention to the very laige size attained by some of the
mammalia in later g^logical times, and instanced especially the skeleton of El^has

* Published in extenso in the American Naturalist, December 1888.
*
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primigenim in the Paris Museum, which is nearly five metres in h\ight and
whicli is exceeded by a specimen at St. Petersburg, The great Dinotherium of
Piherimi in Greece, found by Professor Gaudry himself, is of greater size still. The
author expressed his satisfaction at finding that among British palaeontologists there

were now several who devoted themselves to the vertebrate as well as to invertebrate

remains.

4 . Note (/ti the Relation of the Percentage of Carbonic Acid in the Atmosphere
to the Life and Growth of Plants. By the Rev. A. Irving, B.Sc., B.A.f

F.0.8.

The author refers to the discussion raised recently on this question in the pages

of the ^ Geological Magazine.’ In order to test the hypothesis adopted by Professor

Prestwich, three series of observations have been made during the past summer on
plants exposed, under similar physical conditions, to atmospheres of different com-
positions. The evidence obtained all points in one direction, and goes to show
that, with an increase of the percentage of carbonic acid up to about that of the

free oxygen present, the vigour of plant life and growth is also increased, so long

as the plants are freely supplied at their roots with water, as we have good reason

to suppose was the case with the vascular cryptogams from which the carbonised

materials of the coal-measures are for the most part derived. The author further

considers the theory as throwing some light upon a certain stage of development

of life upon the earth in later palaeozoic time
;
the great development of plant

growth in the carboniferous age having served as the means of storage of carbon in

the earth’s lithosphere, and thus purified the atmosphere so as to render it fit for

the development of air-breathing forms of life in the Mesozoic Age.

5 . On the Occurrence of a Boulder of Granitoid Gneiss or Gneissoid Granite

in the Halifax Hard^bed Ooal, By James Spencer. With a note by

Professor T. G. Bonnet.
%

Many years ago, before the great importance of these boulders found in coal-

beds was recognised, a fine specimen was found in the Hard-bed coal at Dam Head
Pit, Shibdendale, near Halifax. It was a white hard rock streaked with small

patches of a darker hue, almost as round as an orange, and about as large, and
most highly polished. Ilaving had my attention again called to these boulders by
the discovery of quartzite boulders in the Black-bed coal at Leeds, two of them
having been sent to me to prepare slices for examination under the microscope, 1

have been on the look-out for specimens from our local coal-beds, and was very

fortunate to meet with one (in the spring of the present year 1888), which came
from Shibden Head Pit, near Halifax. The boulder is of a greyish colour, four

inches in length by about two and a half inches square. The angles have been

worn off and the faces smoothed and polished, and afterwards transversely

striated, the strim being most probably due to slickensiding in the coal rather

than to glaciation. It may be of use to note the exact locality and horizon in

which the boulder was found. It came from the hard-bed coal at a depth of

about 150 yards from the surface, and from under the north side of a hill called

Barebead, in Shibdendale, near Halifax. The round boulder above mentioned

came from the same bed, and from under the south side of the same hill, the two

i

)laces being about half a mile apart. The geological horizon of the Hard-bed coal

ies at about 60 to 70 yards above the rough rock, the uppermost member of the

Millstone Grit series.

After preparing thin slices and examining them under the microscope, it was
evident that the specin^eps presented a difierent structure from either of those

from the Black-bed coal.

Professor T. G. Bonney, B.Sc., LL.D., F.R.S., &c., t^ whom a specimen had
been sent, kindly describes it as follows :—

‘ The boulder is one of unusual interest.
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It is not a quartzite but a. granitoid gneiss or gneissoid granite, probably derived

from some mass of Pre-Oambrian age.
‘ The specimen practically consists of two minerals, quartz and felspar. The

former occurs in grains of irregular outline, sometimes associated, and often joined,

as it were sewn together, by microcrystalline quartz, which also occasionally

extends into small patches. Numerous small enclosures give it a dusty look

;

many are empty cavities, some contain fluids.
* The felspar also occurs in grains of roundish to rather irregular outline, also

often associated. It is much decomposed, but some is probably orthoclase, and
microcline can be distinctly recognised. Parts occasionally are blackened by
clustered granules. Without destroying the slide I cannot say whether these are

iron oxide or some carbonaceous material which has infiltered. As its presence

has no important significance I have thought it needless to ascertain its precise

nature, but believe it probably of secondary origin, llather roundish grains of

quartz are occasionally included in the felspar, as is common in old granitoid

gneisses. I note a very little flaky viridite. It is possible that the gneissoid

structure is due to mechanical deformation of a granite, but if so reconsolidation

has been complete. The structure, in short, recalls a type of* rock which is ex-

ceedingly common among gneissoid rocks which are universally admitted to be

much older than any part of the Cambrian, and which is, so I’ar as my experience

goes, exceedingly r'^re, if not altogether wanting in any rock of Palaeozoic or later

date.’

6. The -Caverns of Lnray, By the Chevalier R. E. Reynolds.

These famous caverns are situated near the crest of a limestone hill of Silurian

Limestone, near Luray Court Hou.se, in the valley ofthe South Shenandoah,Virginia,

U.S.A. The valley is bounded on the east by the Blue Ridge Mountains, and on
the west by the Massanulton range, the caverns lying e(iiiidistant from each.

They were discovered in 1880, during which year the Smithsonian Institution sent

out a scientific commission for the purpose of exploring and reporting on the same.

The writer was a member of this commission.
The caverns—several distinct ones united by engineering operations—are similar,

to others found in limestone regions. They are mostly the result of erosion; one
only—the Ramble, a plateau 600 feet long by oOO wide—re.sulting from displace-

ment of the adjacent strata.

The predominating features are chambers, galleries, chasms, cascades, lakes,

springs, and enormous columns.
The drapery is multiform in character, and many examples are highly ornate, a

few being absolutely unique. The several styles or patterns will be named in the
. order of their growth.

Human remains have been found, but the character of their environment proves
them to be of Indian origin. From the depth of the travertine which enclose them
they appep to have been imprisoned for nearly a thousand years. The bones that
are now visible consist of the right femur, the lower jaw, a rib, the segment of a
clavicle, and a few teeth detached from the superior max. They appear to have
belonged to a female of seventeen or eighteen years, the sex and age being deter-
mined by anatomical structure, ossification and dentition.

Columns.—Millions of them
;
some are 100 feet in circumference, and others

100 feet in height.
'

Stalactites,—They are very numerous and both single and compound, the latter

forming * sheet drapery ’ a hundred feet long and equally as wide.
Stalagmites.—Less numerous than the above, as much of the drip from the

stalactites is converted into travertine.

Helictites.—Stalactites, usually small, which have ceased to enlarge vertically,

their drip being diverted by polar influence and capillary attraction. The result is

a horizontal, or obliquely perpendicular growth, in utter defiance of the ‘Law of
Newton.’

Travertine.—^The reslilt of a drip too exceasive to permit the growth of stalag-
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Biites. The acidulous water spreads over the floor^ rapid evaporation takes places

the calcite or carbonaceous residuum forming loose granular tufa or sinter, which
slowly indurates in the form of compact travertine of variable depths.

GahSpar.—Found in abundance, tons of it having been removed by dynamite
while levelling obstructions and battering doorways through intervening walls. The
ci^stals are of the usual rhomboidal form.

Cmumhers.—Oblong convoluted objects found in the Coral Spring, and origi-

nating from nuclei.

Pearls.—^Mechanical formation similar to the above, but differing in size and
probably in material. '

The collection of objects and photographs is sufficiently large to convey a fair

idea of the several growths found in the caverns, and the characteristic appearance
of the same in situ.

'

The writer’s memoir on this subject embrace 3 a vast amount of information on
the early or incipient growth of stalactites, some of which is believed to be wholly
original. He is also engaged in studying tlfe ratio of stalagmitic growth in the

Atlantic coast caverns. The result now obtained shows that the vertical growth
of stalagmite is one inch in forty years. The growth of stalactites is nearly twice
as fast, or one inch in twenty years. The glasses exhibited show the following;

—

(1 ) The small glass, two years' deposit of carbonate under a medium drip.

(2) The goblet, three years’ deposit under a constant, heavily-impregnated cal-

careous drip.

The caverns embrace a circuit of seven miles.

The specimens exhibited to the British Association for the Advancement of

Science are the pBoducts of Luray and Weyer’.s caves. The polished sections are

from Luray. They consist of stalagmites and stalactites—primary, compound, and
drapery.

7. Report on the rate of Erosion of the Sea Coasts of England and Wales,

See Appendix, p. 80*2.

MONDAY, SEPTEMBER 10.

The following Papers and Reports were read :

—

1. The Volcanoes of the Two Sicilies. Bij Tempest Anderson, M.E., B.Sc,

The author has recently visited the volcanoes of Naples, the Lipari Islands and
Sicily, including Vesuvius, Stromboli, Vulcano, and /Etna, and taken photographs

of tlieir craters and some of their lava streams, and other most important parts, in

order to obtain a record of their present condition which rnay be available for

comparison in case of future eruptions. Some of these photographs were shown as

projections on a screen by means of a lime-light lantern.

The summit of Vesuvius presents a sort of plain, consisting of the lava of 1872,

in the north-eastern portion of which is the great crater excavated by the eruption

of 1886, now nearly filled up by matters ejected since that time. A small secondary*

crater on the north-east part of its floor emits white vapour and occasional showers

of red-hot pasty lava. An instantaneous photo of one of these explosions showed
many of these up in the .air.

Different lava streams exhibit different characteristics. The lava of 1872 was
very quick flowing. Its surface is covered with angular masses of scorim with

sharp edges, and it is still devoid of vegetation.

On the other hand, that of 1868 was pasty and slow moving. Its surface pre-

sents rounded bosses with ctuioUjS contortions, almost like great coils of ropes. It

is now beginning to weather and support a few,tufts of vegetation.

The island of Stromboli, one of the Lipari Islands, consists of a great volcanic
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cone standing out of tlie deep water of the Mediterranean and rising about 3|000
feet above its surface. The north side has been partly breached, so that the active

crater is now on the side of the mountain, about two-thirds of the way up. Explo-
sions take place constantly i'rom it at intervals of a few minutes, or occasionally

longer. The ejected materials partly fall back into the crater and partly roll dpwn
the steep slope, or achiara, into the sea. The details of crater itself are constantly

changing. A photo taken on May 17 showed two small cones on its floor, one of

which constantly emitted clouds of vapour, while the other was that from which
the explosions proceeded.

2. Notes on the late Eruption in the island of Yulmno. Ey Tempest
Anderson, Jlf.i)., and H. J. Johnston-Lavis) F.O.S,

\

Both authors have visited the Island of Vulcano, the former during the month
of May of this year, and the latter ,j^^st one 3"ear before. Both have photographed
the principal points of interest

;
those of the latter were exhibited at the last

meeting of the Association, and Dr. Anderson’s are now shown befoi*e the meeting
by aid of the lantern.

The island of Vulcano, so far as we can trace back its geological history, came
into existence and ’’^as chiefly built up of a cone composed of doleritic lavas and
related products. This large cone, traversed by radial dykes, some solid and some
hollow, indicating the existence at one time of parasitic cones, was eventually

destroyed by one or more explosive eruptions, and by truncating it very low, aided
by sul^quent denudation, reduced it to an irregular table-land. On this plain a
fresh eruption took place, giving rise to small scoria cones and lava streams, some
of which are basalts very rich in olivine.

This was followed by an eccentric explosive eruption, drilling a large crater out
of the northern part and edge of this plain, and along this axis the present active

cone of Vulcano was built up. This cone seems to have been formed at first of
basic rocks, like that composing the main mass of the island, but subsequently

highly acid products were erupted, composed of very acid pumices and lava streams
of obsidian, very snherulitic in the interior. Lastly, still further north of this is

the triple cone of Vulcanello, which, perched upon its own platform of lavas, con-
stitutes an almost circular peninsula joined to the rest of ^e island by a narrow
low neck of land. There is'every reason to believe that Vulcanello has almost, if

not entirely, been built up by eruptions of doleritic lavas and derivatives during the
historic period, though at present only slight warm emanations of steam occur from
a few cracks.

The main crater of Vulcano has also been in gentle solfataric activity from time
to time, interrupted by paroxysmal eruptions. In its solfataric state the bottom
and sides .get more or less covered by sublimations of sulphur, boric acid, realgar,

&c., whilst some distant rocks afford at present, and have from Roman times afforded,

many varieties of the alums. For many years the sulphur and boric acid were
collected for commercial purposes, but from the competition of Asia Minor and
California the latter product has been neglected, and the English company who
own the property have converted much of the island, described by Spallanzani a
century ago as totally barren, into a rich vine, fig, and broom plantation, including
more than 20,000 of vine plants.

The second of the authors described in * Nature,* of this summer, the state in
which he found the Lipari group of volcanoes in June 1887, and the first of the
authors noticed no important difference three months rince.

In 1886 a slight eruption cleared out the bottom of the crater of Vulcano, and
since that time the crater has never * entered into its former quiescent condirion

*

to which the residents on the island are accustomed.
Mr. Narlian, whose villa is within a few hundred yards from the crater, very

narrowly escaped with his and his children’s lives. ’ Tbe following is the substance
of his letter, and is, we t|iink, quite worthy of being put on recora
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LipaHy August 30, 1888.

Mt dbab De. Johnston-Lavis,—

I

have your kind note of 22nd inst. and
will give you a short account of the strange doings of our old friend the crater of
Vulcano.

^ 7
On the 3rd inst. we had an outburst in the crater with, stones, flames, thunder

(regular lightnings). It was strong enough to throw stones of considerable size to
the sides of the mountain. This lasted perhaps ten to fifteen minutes and theni

ended. After some time we began to have, at the interval of every twenty to
thirty minutes, a great rush of thick smoke, and lasting some ten to twelve minutes
at a time. We had often seen such eruptions during the twelve to thirteen years I

have been on this island, and I hoped it would end lilte former eruptions. Towards
evening, however, these rushes of smoke, steam, and ashes (which used to be pro-
jected into the air to about twice the height cf the mountain) had completely
ceased. As the night approached the leading fumarole (which was very active,

giving off an offensive smell for months beford* the event) had begun to show a
clear highJlame, much paler than the flames produced by the burning of wood, and
somewhat greenish or bluish. This phenomenon, together with the sudden stopping*

of the smoke, was evidently not a good omen. Consequently, I 8i)ent all the night
dressed on a sofa in the drawing-room. Towards morning I was overpowered by
sleep, and went to the little bedroom which looks towards the mountain, rested on
the bed, and soon was sound asleep. Shortly afterwards I was awakened bv a
tremendiyaa din which can hardly be described. As I jumped up from my ted
I felt stones falling on the roof as hail—such cannonading going on—I understood
what was the matter—ran to the opposite room, where I had made my cliildren

sleep that night. They were also up in consequence of an indescribable noise of

thunder, rush of gases, flames, falling of huge boulders, rocks, &c. I took them to

the drawing-room, but as soon as the door was opened a big stone red hot (all these

stones are quite red with heat) fell through the roof, ceiling, and floor a few yards
from us, smashing all, setting fire to everything. Now I took my children back
to the bedroom, which looks on to the verandah, and tried to gain the terrace by that

side. The house doors were shivering and shaking so that it was a difficult matter

to open the doors. At last I succeeded, but before we were out in the verandah
another stone fell at our feet, was smashed to fragments, and burned the feet and
logs of my boys. Now we passed through the verandah, regained the house at the

top of the stairs
;
here another stone fell very near us (none of these stones were

less than 2 feet in diameter). This last stone (which is the fourth that struck

the house including the one that fell on the ceiling of my bedroom while in bed)

has nearly blocked our way out with the rubbish that it brought from the roof.

We passed through over the heap of rubbish and were now out in the open to the

north of the house. By this time (not many minutes after ell) the whole place

was lighted up, woods, grass, buildings, hedges—all was on fire
;
the huge boulders

and stones were literally raining everywhere about us—what confusion ! Natali,

the faithful boy, had by this time come to the help of my little boys—*we all

began to run to Vulcanello and away from the dreadful thundering mountain. All

the means of communication we possessed at Vulcano consisted in an old, half-

broken 20-foot boat, and a lighter, both of which the men in their panic and mad
despair had taken away with them, leaving us on the sands of Vulcanello. Towards
noon, however, boats of rescue reached us from Lipari, and we thus ended one of

the most eventful days of our life. How we escaped death I do not know.

On revisiting the spot I saw the whole plains below the mountain, to the

distance of H mile, specially the neighbourhood of the house and the men^s

habitations, literally covered with boulders and rocks of all sizes, which had im-

bedded themselves in the ground to various depths. The most huge of them is near

the well of the house, which is not less than 10 yards in diameter, and is some

10 to 11 feet deep in the ground. This is about f of a mile from the crater.

Another, of nearly equal dimensions, is on the shore near the Quarantana at the

end of the bay of the Levante ! Bocks of 1 yard in diameter as plentiful as can

he as far as the mtddle of Vulcanello, near the Punta Samossa I We have to thank

God for going unhurt through this * hail storm ’ I
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After this awful calamity, •which has caused me so much loss, the crater has
recommenced the rushes of steam, ashes, &c. This was a time of comparative
diminution of activity, which liad lasted for some days. Soon, however, it began
the old game of throwing stones, boulders, ashes, &c., every two or three minutes,

in all directions. No doubt,many of tlilse boulders are 10 to 15 yards across, and
are projected as far as the sea, but often fall back into the crater itself. This state

of things is continuing incessantly and uuinterruptedly, causing further damage and
frightening everybody.

During the last three or four days the noise of the thunder and eruption is so

loud that from Lipari (at the distance of six miles) it would be impossible to dis-

tinguish it from a prolonged thunderstorm.
Yours truly,

A. li. Nablian.

In this letter we have a clear, unexaggerated account of the eruption that is

well worthy, from its analogy, of being placed side by side with the renowned
epistle of Pliny the younger to Tacitus. Until it is possible to examine ihQprimary
or essential ejectamenta the characters of the eruption seem to be, with slight doubt,

of an intermediate stage between a paroxysmal and explosive eruption. The irre-

gularity in the puffs of smoke and ejections of stones indicated that, as from time
to time the crumbling sides of the crater blocked the vent, eruptive energy was for

greater or less intervals suppressed until stored up energy or increased tension

overcame the obstacle.

Another point of interest was the presence of flames, which are so rare in vol-

canoes, but have repeatedly been seen in this one. These are the result, no doubt,

of the kindling of the sulphur deposited on the cooler parts around the fumaroles,

which gets lighted by the hot stones and gases. The peculiar tint is in all probability

due to the presence of boric acid (green) and sulphides of arsenic (g^*ey blue). In fact

a year ago the stones in the immediate neighbourhood of the great fumarole were
covered by a boiling varnish of mixed realgar and sulphur, and when the latter

author of this paper moved the stones, the outrush of steam bespattered those
standing near with pearls of this compound. No doubt this presence of arsenic

had increased of late and given rise to the special odour spoken of by Mr. Narlian.

One of us hopes soon to visit Vulcano and report more fully upoji this late

eruption.

8. Report on the Volcanic Phenomena of Vesuvius and its neighbourhood.

See Reports, p. 320.

4. On the Conservation of Heat in Volcanic Chimneys,
By H. J. Johnston-Lavis, F.G.S.

In various publications the author has endeavoured to enunciate the laws and
explain the phenomena of the absorption of water by volcanic magmas and the
liberation of the same. One group, however, of the phenomena were somewhat
neglected, and it is to these that reference will now be made.

One who daily follows the phenomena of an active volcano such os Stromboli,
Vesuvius, and others of the same type, cannot but be struck with the fact that the
enormous evolution of watery and other vapours does not suffice to reduce the
temperature of the magma to the point of solidification.

carefully following the details of the varying activity of the above-
mentioned volcanoes, which we will choose as our types, the matter becomes
comprehensible. There is little doubt that all igneous magmas are originally in a
vitreous condition, and that the passage from that state to a crystalline one must
be accompanied by the evolution of an enormous ampimt of heat, just as occurs in

the passage from the liquid state of water to the solid ice. Were the magma
composed of a singlft chemical compound, we should expect riiaa^^it would remain
at a fixed temperature from the commencement of crystallisation to the complete
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solidification as the result of that process. This would not he the case in the
lava in a volcanic chimney, in which we should expect that the temperature
would fall by steps, remaining fixed as long as any definite mineral species was
crystallising, and would then drop to the crystallising temperature of the next
species, again remaining for a certain time fixed. What these temperatures should
be we do not know until the crystallising temperature of each rock-forming species

is known. It must be remarked that the simple fusion point of any mineral is no
indication of the tempei'ature of the crystallising of a given mineral from a magma

;

for, in the former case we have to deal with a simple physical process, whereas in

the latter it is often a chemical one. This is illustrated well in the case of
orthoclase and augite, which both crystallise before leucite, which can only be
explained by a chemical reaction taking place in the magma.

This process I take to be dependent upon a magma open to the atmosphere, by
which the alkaline chlorides breakup, the HCl being liberated and the free alkalies

combining with the silica and alumina of the«l;asic iron glass. Part of the iron

separates as magnetite and part combines with the HCl and escapes in the vapour
as chloride, always accompanied by some of the alkaline chlorides.

In fact, it seems an almost impossible task, the determining theoretically or

even practically the temperature of solidification of a lava.

However, a clear comprehension of what has been said demonstrates how the

supply of heat is kept up for a long time in the volcanic chimney, and the varying

activity resulting therefrom. We have good reason to suppose that in our type

of volcanoes there comes to the surface a uniform quantity of magma in a given

time, although the extrusion may be more or less rhythmical, due to tidal and other

agencies. Let us suppose that the magma has been so long simmering in the

chimney that by volatilisation of steam, &c., it begins to become pasty. In that

condition the escape of vap^r from the lower part of the magma in the chimney
cannot go on, and consequently the fall of temperature is arrested, although
crystallisation may go on for some time, so that the temperature of the lava rises.

Meanwhile more water is being dissolved or taken up by the magma, and, in conse-

quence of this and the rise of temperature, the tension of the magma increases until

it overcomes the resistance of the pasty magma choking the upper part of the

chimney. There occurs a more or less strong paroxysmal eruption, in which, from
the excess of water and the higher temperature there will result a tendency to the

issue of the magma in a fragmentary condition, and this will approach more or

less the scoriaceous or even pumiceous character. This is what is constantly

occurring at Stromboli and even at Vesuvius, but in the latter it is much modified

by the lateral oozing of lava, the efiect of which I propose to treat of elsewhere.

In fine, we must conclude that the calorific capacity of the original vitreous

magma must be very great, although its temperature may not be very high, and
that its heat energy under favourable conditions may keep up the temperature for

a long time. This would be the case in a volcanic chimney when solidification was
taking place by crystallisation instead of cooling as a glass—a similar condition, in

fact, to what we observe in the soliditicatidn of melted sulphur and other vitreous

materials..

5. Note on a Mass containing Metallic Iron found on Vesuvitis,

By H. J. Johnston-Lavis, M.B.^ P.G.8,

In the year 1882, during an excursion that I made on the slopes of Vesuvius

to the N. W. of Camaldoli della Torre, a rusty-looking block about the size of a

human head was met with loose on the. surface. I was provided with a hammer
sufficiently powerful to break up the usual size of ejected blocks^ but on striking

the mass in question, much to my astonishment, it persistently refused to break.

A near examination revealed the fact that the spot where the blows bad been

delivered was malleable, and ~had been beaten out into scales. By a little

maqceuvring the block was eventually split up into various pieces,

The surface was rough and irregular, showing no patina df any kind, and was
much rust-stained. The' mass is ](>rincipa]ly composed of a dark grey vesicular
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Tock, with many scattered white glassy spots up to two millimetres in diameter.

There are also many patohes of bufF, more spongy*looking rock passing into the

surrounding grey mass. Scattered through the stony part are Wge masses of

metallic iron, which in one section is 9 centimetres long by in the broadest

part. From eight to ten grammes of the metal were employed for a search after

nickel and cobalt, but only gave faint traces of the former metal. A polished

surface etched afforded no signs of Widermanstaten figures.

There being much doubt in ray mind as to whether we had to deal with an
artificial product or iron of volcanic or meteoric origin, I thought it safest to place

it in the hands of some competent authority, and therefore sent one of the best

fragments to Mons. Stanislas Meunier, who kindly promised to investigate the

matter. From pressure of more important matters this investigation was delayed

until last month, when my eminent friend published a short account in 'Le
Naturaliste,’ April 15, 1888. His chemical researches agree with mine, as also

do his microscopical, from which he describes the matrix as * well-defined crystals

enclosed in a vermiculated paste which encloses here and there a few opaque
globules *

;
some of the crystals he considers to be oligoclase. There were also

very regular rectangular and rather large hyalin crystals.

He very justly observes that if this mass is not an artificial product it is of

considerable scientific interest. For over two years we had not corresponded; and
the appearance of Mons. Meunier’s paper rather took me by surprise, for had I

known of my friend’s intention of publishing his observations, I should have
supplied him w ith further and more recent facts that have come to my knowledge,

which to my mind render it very probable that we have to deal with an artificial

product.

Against the supposition of this mass being of artificial origin we have its

appearance and structure, which is not at all like wl^ one usually sees amongst
slags

;
secondly, there are no furnaces in the neighborhood

;
thirdly, the piece is

unique of its kind in the locality
;
and lastly, its mode and reason of transport were

not obvious when I found it.

During tlie last two years I have met with, in the same neighbourhood, sand-

stone the surface of which is vitrified apparently by artificial heat, besides a mass
of ordinary slag enclosing some fragments of half-baked limestone. In the next
place I have been able to discover its mode of transport, which is worthy of

description, as explaining the occurrence of many other rocks not belonging to

Vesuvius, but common in the neighbourhood, such as Pipemo, yellow tuff^

Travertine, Nocerine tuff, Castellamare limestone, &c., the latter being exceedingly

common, and all are more frequently met with in or near ouarries of Vesuvian
lava. The iron specimen also was not very far from some oi the largest quarries

on the mountain. In this neighbourhood all the carts for the transport of paving
stones of Vesuvian lava have a frame consisting of two long poles balanced on two
high wheels and prolonged into the shafts.

The carter, after having delivered his load, gets on his cart to ride back to the
quarry, and to counterbalance his own weight on the front of the cart he places

one or more stones at the tail about equal to his own weight. He naturally takes
what is most handy, hence the great abundance of limestone blocks which are left

in heaps along the sides of all the roads for repairing them when required. On
the carter’s arrival at or near the quarry these ballast stones are thrown away.
The presence of these furnace products on the slopes of Vesuvius I account for by
their having been brought from the ports of Torre del Greco or Toire Axmun-
ziata, where probably they had been thrown out from the ballast of some ship. At
any rate, it seems justifiable to consider this iron of artificial origin until we have
some more sul^tantial grounds for considering such masses of natural orimn.

In conclusion I wisn to thank Mons. Stanislas Meunier for the trouble he has
taken in the matter, and to express my regret for. not having furnished him with
further evidence, which I certainly should have done if I Imd known the matter
had not dronned.
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6. Note on the Occurrence of Leucite at Etna.
By H. J. Johnston-LaVIS, M.D.^ F.0.8.

Some years since, whilst on a visit to Etna, my attention was drawn* to some
superficially placed tuffs of a chocolate to a coffee-brown colour. In these tuffs,

near the Casa del Bosco, are observable included pieces of scoriaceous lava which
to the naked eye are evidently leucitic

;
that mineral occurring in large well-formed

crystals attaining to some millimetres in diameter, and brilliantly white as the
result of fairly advanced kaolinisation. In consequence of this change the rock is

excessively ffiable and, therefore, difficult to sectionise. A section of it, however,
was exhibited at the meeting and also two photo-micrographs therefrom. In these
it will be seen that kaolinisation has extended along the fracture planes of the
leucites, whilst the beautifully formed pyroxene crystals are unaltered and the
triclinic felspars are fairly in a normal condition. The base is a microlitic network
of felspar and pyroxene, together with beautiful minute cubes and octahedra of
magnetite, rendering the substance intervening between the crystals almost opaque
even in thin sections. The pyroxene is often enveloped in a casing of leucite, ns
at Vesuvius, Roccamonfina, &c., confirming what I have asserted in other places,

' namely, that leucite is one of, if not the latest mineral to crystallise.

I regret that I have not the 02)portunity of investigating the question of the
origin and age of this rock more completely, as on writing to my friend Professor

O. Silvestri, inquiring if leucite had yet been encountered at Etna, I received a
categorical answer in the negative, which, coming from such an authority, must be
taken as conclusive as to the rarity of leucitic rocks being produced from Etna.

The discovery of this mineral at Etna is what one would have looked for,

knowing as we do its wide distribution in nearly all the other late basic volcanoes

of Italy.

7. Note on some recent Investigations into the Condition of the Intenor of
the Earth.^ By Professor E. W. Claypole, B.A., D.Sc., F.O.S.

The difficulty of this great problem in geology was referred to in this j)aper as

a reason for the slow progress made toward its complete solution, and the indirect

nature of the evidence was also quoted as a source of uncertainty.

The chief element upon which reliance can be placed is the now seldom dis-

puted datum that the earth must in all these inquiries be regarded as a heated body
in cold space subject to laws of radiation as yet imperfectly understood.

Reference was then made to the recent investigations of Mr. 0. Davison, Mr.
T. M. Reade, Rev. A. Fisher, and Professor G. Darwin, claiming to prove that the

following deductions from this, datum have been established :

—

(a) That below 400 miles the cooling, and consequently the contraction, are

imperceptible.

(b) That the cooling, and consequently the contraction, reach their maximum
at the depth of seventy-two miles.

(c) That at the depth of five miles the contraction from cooling exactly equals

the diminution of space due to the descent of the shell at that depth

ensuing from the total vertical contraction of all the layers below it.

This layer at the depth of five miles has, therefore, been termed ‘ the layer of

no strain,’ being liable neither to extension nor compression, because the space is

exactly sufficient for its diminished bulk.

The layer of * no strain ’ is placed by one of the authors above named at the

depth of five miles, and in a neutral zone between the bent and crushed strata

above it and the compressed and horizontally extended strata below it. It is con-

sequently impossible that any disturbance can occur in the layer of ‘ no strain.’

Yet in some parts of the earth, and notoriously in the Appalachian region of

North America, strata have been forced up from a depth greatly exceeding this limit.

* Published in the American QeoXogist (Minneapolis, Minnesota) for Jane and

July 1888.



670 RBPOIIT—1888.

Beds are now exposed which, at the time of their folding, lay fully eight miles
below the surface, and must, therefore, have been far below this neutral zone, which
was then (at the end of the Palaeozoic Age) less than five miles deep.

Similar facts might be adduced from other parts of the world, and it is there-

fore difiicult to avoid the conclusion that the layer in question has been placed too

near the surface, though of the actual existence of such q zone, after a careful study
of these investigations, scarcely a doubt can be entertained.

It should further be urged, as another difficulty lying in the way of the im-
plicit reception of the numerical conclusions of the mathematicians, that if the
layer of ^ no strain ’ lie at the depth stated, all seismic foci must be situated at less

depth. Many of them doubtless are so, but that of the great Neapolitan earth-

quake of 1867 was placed by Mr. Mallett at the depth of seven miles, and that of
the Charleston earthquake of 1886 at the depth of twelve miles. Without pledg-

ing ourselves to exactness in these figures, it is somewhat difficult to reconcile

them with those of the mathematician.
Little doubt can be entertained that an actual and existing state of things has

been revealed by the mathematicians, needing, however, the joint action of them-
selves and the physicists in order to adjust its details.

8. On the Causes of Volcanic Action. By J. Logan Lobley, F.0,8.

After citing recent opinion as to the absence of an adequate explanation of the
causes of volcanic action, the author showed that the accumulation of knowledge
of the controlling facts of volcanic phenomena and the amount of attention which
had been given to the question placed the subject on firmer grounds, and made the
finding of a satisfactory solution of the problem now more probable.

The difficulty of the question lay in the great number of facts and the apparent
conflict of many of them.

It was, in the first place, necessary that the leading and controlling facts should
be recognised and kept in view. With this object a compendium or concise state-

ment of forty-five such facts was given, followed by a brief review of the various

theories that had been advanced from Lemery’s in 1700 to Prestwich’s in 1886,
with in each case numerical references to the facts in the compendium which were
in the author’s opinion at variance with the respective hypotheses.

The authors own conclusions were then submitted, which are briefly as’

follows :

—

A. That the primary cause of the formation of lava is the internal heat of the
globe inducing chemical action in subterranean regions where the materials and
conditions are both favourable.

That since the fusion-point of temperature of solids is raised by extreme

J

)ressure, conditions for chemical action may be changed from unfavourable to

avourable by the removal or relief of vertical pressure by lateral or tangential

pressure.

That certain substances are fusible at low or moderate temperatures, and that

thus at very moderate, depths chemical action may be locally commenced that will

extend until sufficient heat is produced to effect rock-fusion.

B. That the cause of the ejection of lava from its source, and its' rise in the

volcanic tube is the increase of bulk consequent upon the change from the solid to

the fluid state, aided by the formation of potentially gaseous compounds by chemical

reactions among the original materials of the magma.
That the ascent of the lava in the volcanic tube may be aflected by the weight

of the atmosphere and by lunar attractive influence, and that therefore a volcanic

vent is a thermometer, and, secondarily, a barometer and helkusometer ^ combined.
C. That the explosive effects of volcanic eruptions are altogether secondary,

and are due to the access of sea and land water, b^ pexcplation through cool rocks,

to fissures up which lava is ascending.
.

That this water, \^hen converted into steam, opens, by its expansive power,

* From ?AKv<rir- CVSa attraction.
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rents that admit large flows of sea-water to. the lava, occasioning the formation

of vents and the greater explosive phenomena of eruptions.

The formation of the actual surface volcano and the determination of its position

is therefore due to the sea, near, which volcanoes are almost always situated.

Emissions of lava without explosive effects are from volcanic tubes to which
large flows of water have not obtained admittance, and, on the other hand,^urely
explosive eruptions, without lava-flows, are caused by water reaching lava which
fails to rise to the surface of the earth.

The various forms of volcanoes the author considered could be explained by
these views, which opposed :

—

1. An infra-crust common central source of lava.

2. The passage of lava through 30 miles of rocks, and consequently through any
greater thickness.

8.

The ejection of lava from its source by vertical pressure.

4. The ejection of lava from its source super-heated steam or ^ potential

steam ' force.
*

6.

The passage of water through highly-heated rocks, either by fi&sures or by
,

capillary transmission.

6. The accumulation or the presence of water at volcanic foci.

7. A primogeneal ‘ water substance.’

8. The importance of land surface water.

The author had given much thought during many years to volcanology, and
had made personal observations of volcanic activity

;
and whether his views were

approved or not he would be glad if they elicited lacts and opinions that would
further a solution of the problem. lie thought a discussion on the subject would
not be inappropriate at the city of Bath, famous as it was for thermal waters deriv-

ing their heat from what might be termed, according to his views, a volcanic focus,

but in this case one from which only benefit to mankind was received.

9.

Eighth lleiiort on the Earthquake and Volcanic 'Phenomena of Jayan,
See Reports, p. 422.

10. On the recent Volcanic Structure of the Azorean Archipelago.

By OsBERT H. Howaeth.

The object of the author’s notes upon the relation of the Azorean group to the

other islands of the West Atlantic is to indicate a line of inquiry by which some
approximation may be made to the intervals separating the great eruptive clianges;

and determining any modifications in the type of flora during that important

succession of volcanic products which has been evolved since the Upper Miocene
period assigned to the islands generally. A field for such inquiry seems to be oflTered

by the present phase of action in the Furnas district, in the eastern centre of St.

Michael’s, where existing activity is associated with some of the oldest formations

in the series. The author has traced m that valley a series of beds of vegetable

origin dating back from the most recent changes, immediately connected with the

present boiling-spring area, to a period antecedent to the formation of the Furnas

Valley itself. The intermediate intervals of repose are now represented by.

peaty beds and subaqueous vegetable deposits, interstratified with the successive

lava streams, tuffs, and pumice-beds of various dates, within and prior to the

historical period lYom the more recent of these, buried trunks and branches have

been obtained which represent the intervals of recent eruptions; while in one of

the older tufts, underlying nearly the whole series at that portion of the islands, a

tree (probably an Erica) has been found, presumablym situ, and offering possibili-

ties of a subjacent soil for e^s^m^tion, which would be contemporaneous with the

earliest vegetation of the islan^^-; ^
11. Eeport of the Earth Tremor Committee.—See Reports, p. 622.
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Sub-Section 0.

1.

The Watconibe Terra-Gotta Clay. By W. A. E. Ussheb, F.0.8.

[Communicated by permission of the Director-General of the Geological Survey.]

The Lower Trias Conglomerates at Watcombe rest upon about 20 feet of sand-

stones made up of comminuted slate
;
these are succeeded by red marly and shaly

clay, cut olF by fault at the south boundary of Watcombe Combe, but reapp^ring
on the south side of the intervening faulted mass of conglomerate, in Fetitor

Combe, where the beds of marl and clay are apparently at a lower horizon than
those of Watcombe, and they are interstratified with sandstones made up of com-
minuted slate. They rest on broken limestone, through which the red mud has
permeated. The junction-beds are in places local masses of breccia.

• The series above described is visible nowhere else on the coast, but has been
traced inland by the author to Kingskerswell and Torre. Its character

changes in this westerly extension, the sandstones often assuming the aspect

of a fine breccia, and the clay becoming an indurated mudstone, brecciated in places.

About 40 feet of these beds are exposed in a large pit near the Torquay Cemetery,
where they are faulted against Devonian slates. Beds on this horizon, apparently,

consisting of clay and loam with gravelly detritus dispersed throughout, occupy
the slopes of the Daccombe Valley, near Kingskerswell on the east. In the Wel-
lington Co.’s (Thomas) pits a small mass of porphyrite occurs in the sands and
loams which there constitute the upper part of this series. Towards Torre Station the
W'atcombe clays pass under breccia and conglomerate

;
red marl and shaly clay

occur in the railway cutting.

To the north of Kingskerswell the Watcombe clays do not appear to have ex-
tended far, as the conglomerate and breccia of the overlying beds rest on the

Devonian rocks bordering the estuary of the Teign.

To the south and west of Torre and in the Paignton area no lithological equiva-

lent to the Watcombe clays has been observed. But it is quite possible that con-
temporaneous deposition took place in these districts

;
the components of the Lower

Trias exhibiting such frequent local variation that no great faith can be placed in

the maintenance of lithological distinction on definite horizons.

The Watcombe clays, however, may be the oldest Triassic rock in South Devon,
and may have attained a much greater development to the eastward of the present

coast, although restricted within narrow limits in their westerly extension.

The author concluded by adhering to the classification he had propounded for

the Triassic rocks of the south-western counties, and saw no reason to alter the
position therein assigned to the Watcombe clay.^

2.

Second Report on the ‘ Mayinre * Gravels of Wexford,
See Reports, p. 133.

3.

Reds exposed in the Southampton New Dock Excavation,

By T. W. Shore, F.Q.S.y F.0,8,

The beds described in this paper have been exposed during the progress of an
excavation of eighteen acres for the purposes of a deep-water dock at Southampton.
The edte of the excavation is at the jimction of the tidal rivers Itchen and Test in

the Southampton water, the area excavated having previously been covered with
tidal water to a depth varying from 12 to 17 feet, ^e excavation has brought to

light the succession of bsds to a depth varying from 86 to 42 feet below the

surface of the alluvium over this area. From 6 to 17 feet of tidal alluvium lay at

* In a paper by iHIt. Appleton ‘On Economic Geology of Devon * (TVa^ts. Dev.
Assoc, for 1876, p. 241), an analysis of the Watcombe clay, by Dr. Percy, iS given.
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the top, which contained within it and on its surface abundance of the marine shells

Cardium tdvle^ Bucdnum undaturrif Purpura lapUlmf Murex arenaceusy Tellina

Balthica, Tapes decussatUy Litorina litorea, TrocJius cmerareuSy Hydrohia ulveSf

. Ludna borealisy species of Scrohiculariay Rissoay Nassa, MytiluSy and others.

Beneath the tidal alluvium over the greater part of the area, peat was found in

thickness varying from 2 to 14 feet, being thickest towards the itchen side of the
•excavation, and as a rule thinnest on the Test side. At the Test side of the
excavation, and dipping sharply towards the Itchen under the thick peat on this

side—^at one time a dark line of peat parallel with the present course of the
Itchen, and on a level with the gravel terrace, cpuM be seen stretching out into the
estuary towards the junction of the river channels. The colouring matter of a
green sand found in the gravel just below the alluvium has been examined and
analysed by Mr. J. Brierly, public analyst for Southampton.

The Bracklesham beds lying beneath the* gravel were found to be largely

composed of green sand or green sandy claj^ coloured with glauconite, below
which a dark clay was met with. On the Itchen side of the excavation, where-

the gravel is comparatively thin and occurs beneath very thick peat, the Brackle-
eham clay just below the gravel was found to be dark-coloured. Some remarkably
large sand pipes, very fine specimens of Venericardia planicostay Turritella suldferuy

and large pieces of pyritised wood, have been found in the Bracklesham beds, the

compact sandy clays of which showed some well-marked joint planes discoloured

.

by infiltration and oxidation. About fifty species of Bracklesham mollusca have
up to the present time been found.

The loss of cattle and the native ponies of the New Forest during wet seasons

in the deep New Forest bogs at the present time, appears to explain the occurrence

of animal remains in the peat.

Some Neolithic remains were found in the peat, consisting of dark-coloured

flint flakes, such flint chips being met with on one occasion all lying within a few
feet of each other, the site probably marking the spot where a Neolithic worker
had fashioned his implement. A very fine specimen of a round hammer-stone was
also found in the peat about twenty feet below the surface of the alluvium, the

hammer being 3f inches in diameter, and having a circular hole If inches in diameter
at the sides, and ^ inch in diameter in the middle. It weighs I lb. 9 oz., and
is made of fine greywether sandstone, and is one of the finest of its kind recorded

as having been found in England.
The gravel beneath the peat was found partly in ridges with thick peat between

the ridges, but this character did not extend far. A great part of the area after

the removal of the upper beds presented the appearance of a gravel terrace, the

gravel lying highest on the north-western part of the excavation
;
the alluvium

was found to rest on gravel, peat being absent.

The peat was found to contain within it extensive beds or pockets of shell marl
or fresh-water tufa containing abundance of shells of land and iresh-water species

—

lAmnea peregruy Limnea stagnalis, Limnea palustris, several species of Helix and
Planorbisy Indium amnicum, Bithinia tentaculaiay Hydrohia ventrosUy and Valvata

^isdnalis. The tufa much resembled large patches of a similar kind, which occur

just below the surface of the alluvial meadow land in both the river valleys from

ten to twenty miles higher up the streams.

The peat contained mucn bog-oak, with large trunks in sitUy and remains of

beech, hazel, birch, fir, and apparently the bog myrtle, heaths, bracken-fern, sedge,

and bulrush.

The animal remains found in this peat comprised the horn cores and parts of

the skull of Bosprimigemus—one a very fine specimen, described by the author of

the paper in the ‘Geolomcal Magazine ’for November' 1887—^many bones of the

BoSy and many horns and bones of Cervus elephas. Some bones of a small variety

of horse were previously found in this peat, from which was also obtained the tusk

of a boar and some bones of the bare.



674 RBPOBT—1888.

4. Fossil Arctic Plants from, the Lacustrine Deposit at Hoxne, in Suffolk,

By Clement Reid, F.GB., and H. N. Ridley, M.A.y FL.S.

Kear the village of Hoxne, close to the northern border of Suffolk, and about

five miles east of Diss, lies the well-known lacustrine deposit from which Paleso-

lithic implements were obtained more than ninety years ago. This deposit has been

80 well described that it may seem presumptuous to imagine that there is still

anything new to say about it. But it so happens that every observer up till now
has studied the deposit either from an archaeological or from a geological point of

view. No one has paid special attention to the character of the associated plants,

or to the climatic conditions which these plants indicate.

This deposit was described in 1797 by John Frere, and afterwards, in 1860, by
Professor Prestwich, who gave numerous details and showed that the lacustrine

deposit rests in a hollow in the Boulder Clay.

The following is an abstract of the section given by Professor Prestwich :

—

Section in south-west corner op Hoxne bricxpield.
Feet

a. Surface soil 1 to 2

b. Brown and greyish clay, not calcareous. Two flint imple-

ments. Bones of Bos 10 to 13
. c. Yellow sub-angular flint gravel. Elephas . . . . ^ to 1

d. Bluish and grey calcareous clay, in places very peaty.

Wood and vegetable remains. Land and freshwater shells.

Deer, horse, elephant 3 to 4

e. Gravel like <?, but smaller 1 to 2

/. Calcareous grey clay, more or less peaty, with freshwater
shells (bored to 17 feet, but no bottom was reached) . 17

The mollu.sca, to which the authors added two or three unrecorded species, are

all forms having a wide range. The plants obtained from bed d throw more light

on the climatic conditions. They include twenty-seven flowering plants, one CharUf
and ten mosses. The specimens are chiefly seeds and fruits, with leaves of willow
and birch and wood of yew. The mosses are all fragments of the stem with leaves

attached. The list of species shows that the flora was an Arctic one corresponding

in many features to that of Iceland. The presence of Betula nana, Salix polaHs
and S. myrsinites is sufficient to show this. Tlie latter Sallow has not been hitherto'

recorded as fossil, but its leaves are the bilberry-like foliage mentioned by Professor

Prestwich. Salix polatne is now only known from very high arctic latitudes, but it is

well known as a fossil in glacial and post-glacial deposits. The mosses which Mr,
Mitten has identified for us have also an arctic or alpine facies. Acroceratium
sarmentosum is now an inhabitant of the higher mountains of Killarney and
Scotland, as well as the arctic regions. The Cornel is represented by a single large
seed, differing somewhat from the common form and perhaps a variety.

The larger part of the plants represented are aquatic or marsh plants, and nearly

all are plants still occurring in high latitudes at the present day
;
but the Yew,

Bur-reed, Gomel, and Potamogeton trichoides are absent from the arctic regions.

The flora thus suggests the approach of a warmer climate following a cold one,

so that the arctic flora had not entirely gone by the time that the more temperate
one had begun to come.

6 . Deport on an ancient Sea Beach near Bridlington Quay, *

See Reports, p. 328.

6 . On the Origin of Oolitic Texture in Limestone Bochs.
By Professor H. G. SEzmt, FD,S,

The author belieyed that oolitic texture might oii^nate in many ways. It

was stated to be foiind in limestones and iron ores of Silurian, Devonian, and
Carboniferous age, but to be most characteristic of the inferior and great oolite/
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coralline oolite, and Portland oolite. Experiment has shown that a pseudomorph
of carbonate of lime may be obtained when carbonate of soda is acted upon by
chloride of lime; and he thought that many oolitic grains were pseudomorphs.

In the magnesian limestone grains of dolomite present all the characters of oolite.

In the carboniferous limestone it is common for large foraminifera to be the nuclei

of oolitic grains so as almost to justify the view of Dr. W. B. Carpenter that

oolites are foraminiferal limestones where the foraminifera are coated with calcite.

In the secondary oolites nuclei are less frequent, and often include several grains

of sand. It is difficult to account for a pellet of sand acting as a nucleus, but the

author believed the interpretation of Dr. Sorhy to be satisfactory with a single

nucleus. The author attributed the small size of the grains to the small trans-

' porting power of the current which is assumed to have formed them by rolling.

Almost all limestones are of organic origin, and the author drew attention to

the close resemblance of the internodal grains of the nullipores to grains of oolite

as furnishing a further explanation of oolitic texture. These grains show a con-
^

centric structure as well as a radiated tubular structure, which would favour the
recrystallisation such as commonly occurs.

t-

TUESDAY, SEPTEMBER 11.

The following Papers and Reports were read :

—

1. Notes of some Researches on the Fossil Fishes of Chiavon, Vicentino

{Stratum of Sotzka, Lower Miocene), By Professor Francesco
Bassani.

These fossiliferous Marls were first discovered by Baron Zigno in 1852, who
referred them to the Lower Miocene, since which time Ileckel, Heer, Molon,
Bayan, and Messrs. Lioy, Suess, Sauvage, Hubert, Munier-Chalmas, Stur, Friedrich,

and Staub have studied their fauna and flora.

The abundant materials here investigated were derived from many public and
private museums, and represent plants and animals, amongst which are a few crus-

taceans badly preserved, very few insects, many beautiful fish, two bones of birds,

and some ampoibia.

The plants were described by Massalongo a^ Roberto di Visiani, the insects by
Omboni and Ileckel, Kner, and Messrs. Steinflachuer and de Zigno have occupied

themselves with the Ichthyolites. At this epoch the fish-fauna of Chiavdn was
represented by seventeen species, of which only six were figured, as follows :

—

1. Oaleodes priscus, Heckel (not fig.).

2. Mylwbates Clavonis, Zigno (tig.).

ib Myliohates leptacanthus, Zigno (fig.).

4. Clupea hreHceps, Heck, (not fig.).

5. Meletta gracilliina, Heck, (not fig.).

<». Alama latunma, Heck, (not fig.).

7. Engraulis Imtgipvn/nh, Heck, (not fig.).

8. EngraulU hreiripinnU, Heck, (not fig.).

1). Chanos hrevis (Heck.) Kner St. (fig.)
,j

{Alkula hrevis, Heck.).

10. Chanos Zlgnoi (Heck.) Kner St.

(fig.) {Alhula Zignoi, Heck.—Alh.
lata, id.).

1

1

. Smerdis analis, Heck, (not fig.).

12. Smerdis adimcus, id. (not fig.).

13. Smerdis minutus, Ag. (not fig.).

14. Gerres Massaltmgi, Heck, (not fig.).

15. Caranx ovalis, id. (fig.).

16. Caranx rigidicaudus, id. (fig.).

17. ? Mene (not fig., not descr.).

My researches have augmented in a notable manner the number of species,

which now amounts to fifty-eight, as,may be seen from the following table. This

shows, at the same time, their tropical and marine characters.
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EUICHTHYES.
PALAEICHTHYES.
CHONDROPTERYGII.

Fam. Galaeidae.

Gen. Galeocerdo, Muller et Henle.

1. GaUooerdo prisons (Heck.), Zigno.

{^Galeodes prisons

y

Hcck.).

Gen. Myliobatbs, Dum6ril.

2. Myliohates Clavonis, Zigno.

3. Mylioiates leptacanthus^ id.

TELEOSTEI.
ARTHROPTERI.
Physostomi.

Fam. Scopelidae.

Gen. ScoPELOiDES, Wettstein.

4. Soopeloides Nioolisi, n. sp.

* Fam. Clupeidae.

Gen. Clupea, Linneo.

6. Clvpoa hrevioeps^ Heck.
6. Chqioa latissima, id.

{Alausa latissima^ id.).

7. Clupea gracillima, Heck.
(^Meleita gracilllmay id.).

8. Clupea sagorensis^ Steind.

9. Clupea sagorensis^ St. var. arcoata
Kner {Clupea arcuata, Kner).

10. Clupea cfr. lanceolata^ Meyer.
11. Clupea injlatat Vukot.
12. Clupea, OmbouU, n. sp.

13. Clupea Grandonii^ n. sp.

14. Clupea^ sp.

Gen. Engraulis, Cuvier.

15. Engraulis Imigipinnis^ Heck. H
16. Engraulis brevipenniSyidi.

Gen. Chanos, Cuvier.

17. Chanos Zignoi (Heck.) Kner et St.

{Albula Zignoi, Heck,

—

Alb. lata^ id.).

18. Chanos brevis (Heck.) Kner et St.

{Albula brevis, Heck.).

ANARTHROPTERI.
Haplopteri.

Fam. Gobiidae.

Gen. Gobius, Lac6p.

19. Gobiust sp.

ACANTHOPTERI.
Pkaryngogitathi.

Fam. l^bridae,

Gen. Labbus, Artedi.

20.

Labrus Agassizi, Heckel.

ACANTHOPTBRIS. STB.

Fam. Cottidae.

Gen. Lepidooottus, Sauvage.

21. Lepidooottus aries (Ag.), Sauvg.
{Coitus CMnes, Ag.).

22. Lepidooottus elongatus, n. sp.

Fam. Percidae.

Gen. Lates, Cuvier.

23. Lates maoroptervs, n. sp.

Gen. Labrax, Cuvier.

24. Labrax cfr. Neuniayri, Kramb.

Gen. Smerdis, Agass.

25. Smerdis analis^ Heck.
26. Smerdis adunous, id.

27. Smerdis minutus, Ag.
28. Smerdis Taxramellii, n. sp. *

^

Gen. Gebres, Cuvier.

29. Gerres Massalongi, Heck.

Gen. Apogon, Lac6p5de.

30. Apogon Krambergeri, n. sp.

Gen. AntBIAS, Cuv.

31. Anthias ofr. stiriaous (Rolle) Bass.
{Serramus ? stirUicus, Rolle).

Gen. Serranus, Cuv.

32. Serranus rudis, n. sp.

33. Serranus, sp.

Fam. Sparidae.

Gen. Sparnodus, Ag.

34. Sparnodus Moloni, n. sp.

35. Sparnodus intermedins, n. sp.

36. Sparnodus, sp.

Gen. Pagrijs, Ouv.

37. Pagrus Meneghinii, n. sp.

Gen. Chrysophrys, Cuv.

38. Chrysophrys Zignoi, n. sp.

39. Chrysophrys Soaochii, n. sp.

Fam. Soomberidae.

Gen. Obcynus, Cuv.

40. Orcynus medius, n. sp.

Gen. Scomber, Cuv.

41. Scomber ofr. antiquus, Heck.

Gen. Cybium, Cuv.

42. CyHum, sp.
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Gen. Mene, Lac6p.

43. Mene oblonga (Ag.), Zigno, var. pusilla,

n. var.

Fam. Carangidae.

Gen. Caranx, Cuv.

44. Caranx ovaliSy Heckel.

46.

Ca/ranx rigidiccmdusy id.

Gen. Lichia, Cuv.

46. Lichia Stoppanii, n. sp.

47. Lichia latay n. sp.

Gen. Amphistium, Ag.

48. Amphistium duhiuMy n. sp.

Fam. Sqvamipennidae,

Gen. SCATOPHAGUS, Cuv.

49. Scatophagus Capelliniiy n. sp.

60.

Soatophagua qfHnis, n. sp.

Gen. Holacanthus, Cuv.

61. Holacanthua Piovenorvmy n. sp.

Gen. Pyoaeus, Ag.

62. Pygaeua aff. Coleanuay Ag.
63. Pygaeua ofr. dblonguay id.

54. I^gaeua Zigtwiy n. sp.

«

Fam. Sciaenidae,

Gen. Odonteus, Ag.

66. Odonte^ca cfr. aparoideay Ag.

Fam. Sphyraenidae.

Gen. Sphybabna, Blainv.

56. Gphyraena cfr. holcenaisy Ag.
67. Sphyraena intermediay n. sp.

Fam. Palaeorhynchidae.

Gen. Palaeorhynchus, B1.

68. Palaeorhynchua cfr. glaronenaUy Bl.

emend.

y

Wettst.

An examination of this list shows that the Chiavon fauna includes no Ganoids,
and is constituted of Chondropterygeans and Teleosteans. The first are represented

by two families, with two genera and three species. The second comprehend the

Arthropteri and the Anarthropteri
;
the former with two families, four genera, and

fifteen species; the latter with eleven families, twenty-six genera, and forty species.

The whole are therefore comprehended in fifty-eight species, distributed in thirty*

two genera and fifteen families.

Comparing the fish-fauna of Ohiavdn with twenty-one other analogous deposits of

Europe, I have come to the conclusion that they are in age Aquitanian, or belong,

like the strata of Sotzka, to the base of the Lower Miocene.
^ ^

(The original memoir, and the figures which accompany it, will be published in

the * Atti della II. Accad. delle Scienzia Fisiche e Matematiche di Napoli.’)

2.

Sixth Report on the Fossil Pliyllopoda of the Palaeozoic Rocks.

See Reports, p. 173.

3.

Report of the Committee for investigating the Flora of the Garhoniferous

Rocks of Lancashire and West Yorkshire .—See Reports, p. 150.

4.

On an Ichthyosaurus from Momhasay East Africa, with Observations on

the Vertebral Characters of the Oenus. By Professor H. G. Seeley,

F.R.8.

The author described two cervical vertebrae of an Ichthyosaurus from low-

lying country nine miles N.W. of Mombasa, brought to this country by Mr. New,
a missionary, and submitted to the author by Mr. Harris, F.G.S. The specimens

are from the cervical region, and difter in no way from such as occur in the

English Secondary clays. They are probably of Lower Secondary age. The
vertical height is 73 millimetres, the transverse width is 77 mm., and the antero-

posterior length is 34 mm. The author finds that the ratio of height to width

and of height to length, is a jg^od means of distinguishing vertebr® in different

species, and that, when it is determined for each region of the body, it forms and

furnishes a valuable datum for defining a species on vertej||^al characters. The
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author specified the vertebral characters which should be observed, as size, number
in the several regions, proportions of centrum in each region, proportions of vertebrae

to limb bones and to the skull. ^

5. A Gomyarison of the Cretaceous Fish-fauna ofMount Lebanon with that of
the English Chalk. By A. Smith Woodward, F.O.8., F.Z.S.

No detailed comparison liaving hitherto been instituted between the Cretaceous

fish-fauna of Mount Lebanon and that of the English chalky which belongs to a
well-determined horizon, the author has undertaken a general survey of the genera,

with the result that the two faunas are proved to have more forms in common than
hitherto supposed. The Selachian fishes are scarcely comparable, Notidanm and
Squatina being the only genera as yet recognised in the two formations, although the
English teeth named Lamna rhaphiodon seem to belong to the shark named Rhi-
nog'tmthus

;
on the whole, those of Mount Lebanon exhibit the most modern facies,

all traces of Hybodont Sharks and of Ptychodus being wanting. Chimseroids are

unknown at Mount Lebanon, but abundantly met with in the English Chalk.

Among Ganoids there are r^resentatives of the Pycnodonts both in the Lebanon
{PaUeobalistum, Coccodus, Xenophons') and in England (Coclodus), but no identical

genera can yet be recognised. Rhombic-scaled Ganoids are rare in the English
Chalk {Lophiost'^muSf Xeorhombolepis)^ and unknown in Mount Lebanon; traces of

Acipenseroids also occur in the former, but have not been discovered in the latter ;

and at least one Crossopterygian genus occurs plentifully in England {Macropoma)^
while no uncertain remains have been detected in the Syrian beds. JBelonostomuSf

however, is common to the two formations, one species having been described from
Mount Lebanon under the name of Rhinellus laniotus.

Of Physostomous Teleosteans, the great early families represented in the Chalk
of England and the Upper Cretaceous of North America by Portheus, Ichthyodec-

tes, Protosphyrana and Pachyf'hizodus, are quite unknown in the deposits of Mount
Lebanon

;
but in the latter locality Enchodus is abundant, having been described

under the synonym of EurygnathuSy and this is accompanied by a closely-allied

genus, EurypholiSf only difiering in the possession ot a few dermal scutes. The
English Pomognathus may also be regarded as represented at Mount Lebanon, for

the so-called Phylactocephalus merely difters in the presence of extremely delicate

minute scales, which would not be preserved in a matrix of the nature of the
Chalk; and Aspidopleurus (Mount Lebanon) possesses scutes indistinguishable

from the detached examples long known in the English Chalk under the name of
Prionoleqns. Dercetis, also, is met with abundantly in the Syrian beds, being
described under the synonym of Leptotrachelus. Among Elopine Clupeoids, some
undescribed forms occur in the English Chalk, and one from Mount Lebanon has
been erroneously assigned to the genus Clupea (‘ C. Lewisii ’)

;
and the supposed

Salmonoid, Ostneroides, is common to the two formations, though inferior in size at
the last-named locality. In the Syrian deposits, however, there are many more
specialised Physostomi, such as Cheirothrixy Spaniodony Opistopteryx, RhinelluSy

Scorndyrodupea, Diplomystus, and Clupea^ of which no traces appear to be discover-

able in collections of English Chalk fossils. Among Physoclystous Teleosteans but
few genera are common to the two formations under comparison. Hoplopteryx,
.with perhaps BeryXy represents the Berycidm in both localities ;

but only a single

imperfect specimen from the English Chalk can yet be assigned to any higher type,

namely, Platax (P) nuchalis. At Mount Lebanon more specialised Physoclysti are

numerous, as PlataXy Imogaster, and Pycnosterinx
;
although to the latter have been

erroneously assigned certain extraneous forms, including at least one well-marked
Berycoid, the so-called Pycnosterinx L&wisii.

The conclusion is thus arrived at, that in those respects in which the Lebanon
fish-fauna dtfifers from that of the English Chalk,, it exhibits greater specialisation.

Considered alone, therefore, it is distinctly of a more modern type than the latter,

although the beds in which it occurs are regarded, ^om other evidence, as being of

Turonian age.
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6. On Bucklandium diluvii, Konig^ a Siluroid Fish from the London Clay

of Sheppey. By A. Smith Woodward, F.O.S.t F.Z.8,

In his well-known * leones Fossilium Sectiles/ pi. viii., No. 91, Konig figures a
remarkable fossil from the London clay of Sheppey, which is mentioned in the text

as not certainly determinable, but generally regarded, by the anatomists who have
examined it, as pertaining to some type of lizard. This specimen is preserved in

the British Museum, and the author has determined that it is truly ime imperfect

hdad and pectoral arch of a Siluroid. The roof of the skull is preserved' almost as

far fomards as the middle of the frontals
;
the pectoral arch is in position, though

slightly bent backwards; and the mass of anchy^osed anterior vertebrae, with the
basioccipital, is displaced downwards and thrown beneath the clavicles. All the
bones are remarkably strong, and the exposed surfaces are ornamented with large

tubercles. The head must have been originally eomewhat deeper than broad, and
the roof exhibits no fiattening, but is strongly arched from side to side. Posteriorly,

the supraoccipital projects in the usual manner, probably to meet a dermal plate

upon the nape
;
and the post-temporal element seems to be merged with the bones

ol the postero-lateral angles of the cranium. It is impossible to determine the
family-position of the genus in the usual manner, but the skulls of the West
African Auchenoglanis and Synodontis appear to approach the fossil most closely.

The provisional name of Bucklandium diluvii may be retained
;
and the fish is

interesting as being the earliest undoubted Siluroid hitherto discovered.

7. On the Origin of Graphite in the Archaean Rocks, with a Review of the

alleged Evidence of Life on the Earth in Archcean Time. By the Rev.
A. Irving, L.Sc., B.A., F.Q.8.

Attention is drawn to the occurrence of carbon in meteorites and its supposed

evidence of the pre-existence of vegetation, reference being made to the recent

experiments of Mr. Lockyer. Mcibius, Etheridge, Dr. Sterry Hunt, Dr. Dawson,
and Dr. Geikie are referred to as having adopted a similar argument or else admitted

the presence of graphite to be evidence in that direction. References are made to

the writings of Oredner and Von Hauer as to its actual occurrence in the archsean

gneisses and schists. The general assumption of the phytoyenic origin of graphite

which has hitherto prevailed is found to derive no support from the specimens

preserved in the national collection at South Kensington, since their structures can

all be explained on mechanical principles. The only direct evidence of phytogenic

origin is its occurrence in later roclis as an extreme carbonisation-product, but this

clearly is no proof of such an origin for the archsean. ,

Other ways are then considered in which elementary graphitic carbon is

produced without the intervention of organic life, such as

fl) In the case of pig-iron.

(2) The reduction of COg by the alkali-metals and by magnesium, and the

reduction of hydrocarbons by chlorine.

(3) The dissociation of hydrocarbons by the spark-stream and by the contact-

action of heated solid surfaces.

The last-mentioned process is conclusively demonstrated by the experimental

results obtained during the last three months in the author’s laboratory, carbon

being copiously deposited from the hydrocarbons of common coal-gas by the simple

contact-action of red-heated fragments of pumice (cf. the author’s paper ‘ On Con-

tact-action ’ read before Section B)-
^

The known conditions under which acetylene, marsh-gas, and some more

complex hydrocarbons can be formed synthetically were referred to, as well as the

spectroscopic evidence of the existence of hydrocarbons in the heads of some

comets. Such conditions probably obtained when the minerals of the archsean

gneisses were formed by prkhaiy paramorphism from a state of dry fusion. It is

therefore maintained that the necessarily phytogenic origin of archsean graphite ia

a pure assumption, and can no longer be urged m proof of irehsean organic life.
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On the question of animal life the .author takes his stand on the results of
Mobius’s investigations, which cannot be explained away, and considers that it is

impossible to accept such slender evidence as has been produced of the organio
origin of Eozdon canademe in the face of the overwhelming physical evidence
(general and particular) against it.

The assumption by Sterry Hunt that the great beds of iron-oxides in the
archsean rocks point to the pre-existence of vegetation, is shown to be without
foundation

;
feme oxide being the direct product of the combustion of iron-vapour

in oxygen, and magnetic oxide the product of the reaction of steam on iron at high

limestones (as well as the quartzites of the archsean and
earlier Cambrian can be explained on purely chemical and physical principles,

which are known and demonstrable
;
and there is no need here for the intervention

of the agency of living organisms.

^

The sum of the whole matter is that we have no tangible and trustworthy
evidence whatever of the existence on this globe of organic life in archsean time.

temperatures.

The unfossiliferous

8. On, some Devonian Cephalopods and Gasteropods,

By the Rev. G. F. Whidbobne, M.A.y F.G.S.

' The following new species occur at Woulborough or Lummaton, or, in the case
of some of the Gasteropoda, at Chudleigh: Goniatites obliquus, a large shell with
open umbilicus, flat sloping sides and narrow flat back

;
G. psittacinus, a small

tumid shell with closed umbilicus, rounded whorls, slightly curved sutures
;
G,

nucifoi'mis, with minute umbilicus and much broader back than the preceding

;

G. aratus, a flatter shell with small umbilicus and marked with four angulated
sulci

;
G, pentangularis, with open spire, inner whorls ribbed, and section of whorls

pentagonal
;
G. Huyhesii, large and flat with closed umbilicus, evenly rounded

back and minutely striated surface
;
Cyrtoceras Leei, a large curved conoidal form

with more irregular and dilate lamellje than C. timbriatum, Pli.
;

C. pukheri'imum,
unlike C. reticulatum, Ph., in having tubercles on the shoulder iii.stead ol* ribs

j

C. Vicariij having a broader section and much fewer tubercles than the last;

C, preeclaruSf more involute and elliptical than the last, with wider mouth and
oblique ridges crossed by distant strite ; C. majestica^ large and smooth, with oval
mouth, narrow chambers and imperfect spire

;
Hercoceras inornatum^ diflering

from H. subtuberculatum, Sandb., in being smooth
;
Orthoceras /lastatum, more

conical and with fewer annulrn than O. tubicinella, Ph.
;
O. Vicarii, diflering from

O. pulchellum, F.A.Rd., in being round and not oval in section
;
O. comatum, which

is O. tubicinella, Sandb., not Ph.
;
Phragmoceras vasi/of'tnis, which is rather less

convex than Ph. subpyriforme, Mii.
;
Ph. ungulatuniy small and more arched than

O. cornucopiae, Sandb.
;
Ph. Marri^ conical and transversely flatttoed, approaching

G. Conradi, Barr. ; B. mundus^ with broad grooved keel and very transverse kidney-
shaped mouth; Euomphalus which has a depressed spire with three
ridges cancellated by numerous rings

;
PI. perversa^ a large sinistra! shell, unlike

PI. expanse in having spiral striae, a deeper suture, more convex whorls ; PI. vintriXf

which has an elevated spire, angulated whorls, central sinus band and a few spiral
'

striae
;
PI. fortUineata — VX. imbricata, M*Coy, not F.A.R6.

;
PI, ChudleighensiSf

separated from the preceding, having its spiral ridges crenulated and the sinus band
much higher

; Littorina devonica^ having the 'general shape of Purpura lapillus,

with eight spiral rows of tubercles which are largest near the suture
;
Monodonta

archoUf very large and trochiform with flat base and sides, linear suture and oblique

growth lines ; Phorus philosophus, with a low spire, wide umbilicus, and convex
whorls bearing fragments of broken shells ;

MacrocheHus tumescenSf a much more
globular form than M. subcostatus, Sclilot

;
Turbo Pengelliif unlike T. subangulosus,

d’A. Sc de V., in its wider flatness above the shoulder; Loxonema scalariodes, very
elongate, with its convex whorls crossed by discontino^dus varices

;
H. dupUsidcata,

diflering from H. tenui^ulcata in possessing a series of subsidiary striee
; Acromdia

colwnbina, a wide dep^ssed form with fine waving longitudinal markings; Mdo-
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ptoma cordataj like M. pileus, Ph., but with loftier umbo and more anprulated

mouth
;
and Chiton papiliOf which comes midway between Cb. corrugatus, Sandb.^

and Ch. sagittalis, Sandb.

The above are accompanied by Orthoceras Oceani, d’Orb. (
= 0. cinctum, Ph.),

O. tenuistriatum, Mii., O. subfusiforme, d’A. & de V., O. regulare, Mii,, O. sub-
annularis, Mii., B. lineatus, Goldf. ( = B. striatus, Ph.), P. bifida, Sandb. ( «= B,
AVoodwardii, Ph.), Eu. serpula, de Kon., Eu. planorbis, d’A. & de V., Eu. Isevis,

d’A. & de V., Eu. rota, Sandb., Eu. decussatus, Sandb., Eu, germanus, Ph.
Eu. catenatus (

= Eu. serpens, Ph., Pal. Foss., fig. 172, f. and g, only), PI.

B’Orbiguiana, d’A. & de V., PI. subclathrata, Sandb., PI. Lonsdalii, d’A. & de V.,

PI. delphinuloides, Scblqt., PI. calculiformis, Sandb., PI. trochoides (
= P1. monili-

fera, Ph. Pal. Foss.), PI. distinguenda ( = PI. aspera, Ph. Pal. Foss.), N. deformis
low., N. piligera, Sandb., T. multispira, Sandb., L. purpura, d’A. & de V., L. sub-
costata, d’A. de V., Scalaria antiqua, Mj^, M. subcostatus, Schlot. ( = M. arcu-

latus, Ph.^ and M. elongatus, Pli. Scoliostoraa texatum, Ph. sp., Sc. gracile, Sandb.,
Holopella tenuicostata, Sandb., H. tenuisukata, Sandb., H. piligera, Sandb.,
A. multiplicata, Giebel, and A. proava Eichw.

9. On some Devonian Crustaceans,

By the Rev. G. F. Whidborne, M.A., F.G.8.

Besides four or five species of trilobites and two ostracods already described from
Woulborough and Lummaton, Bronteus granulatus (Goldf.) has occurred there,

and the following new species :—Prmtus batillus, which differs from P. bohe-
micus, Barr., in having a flatter glabella, more anterior eyes and longer cheek spines;

P, mhfrontalisy which differs from P, frontalis, Barr., in having a much squarer

glabella; P. audax^ which is like P. cornutus, Sandb., but without a perpen-

dicular area in front of the glabella
;
Cyphaspis ocellatuSf like C. ceratophthal-

mus, Sandb., but with long sabre-like cheek spines
;
Lichas devonianus, differing

from L. Haueri, Barr., in having a wider head, larger eyes, surrounded with
tubercles, and a more arched neck

;
Acidaspis Mobertsiif with narrower side cheeks

than the Bohemian type ;
A. Iluyhesii^ having a bilobed tail surrounded by a flat

border bearing aciculate spines; Entomis peregrinuSf distinguishable from E.
pelasgicus, Barr., by the absence of a defined nodule

;
and Bactropus decoratusy dis-

similar from B. longipes, Barr., in being ’much smaller and more coarsely striated.

The Oheirurus found at Lummaton is not Oh. articulatus, Mii., but a new
species, C. Pengellii, diff’ering from the former by having a shorter front lobe of tho
glabella.

10. On some Fossils of the Limestones of South Devon.
By the Rev. G. F. Whidborne, M.A.y F.Q.8.

From the three localities of Woulborough, Lummaton, and Ohudleigh, about
334 species are known, of which 104 are common to the two former places, and
five occur in all three. Among these are Orthis distorta, Barr. ; Pterinea Wormii,
F. A. Ro., Pt, ala. Barr., A. rudis Ph., A. plicatellus (

» P. plicatus, Ph., Pal. Fos.), A.
Cybele, Barr., A. consolans, Barr., P. lateralis, Sow., Hoplomytilus crassus, Sandb.,

Megalodon obliquus (
~ M. carinatus, Ph., not Goldf.), Pi. Vilmarensis, d’A. and de

V. PI. pugnans ( = PI. minax, Ph.
;
Pal. Foss.), H. interscapularis, Ph. (including

H. depressus, Aust.), H. macrotatus, Aust. ( =» H. tuberculatus, Ph. not Mill.), H.
ornatus, Goldf., PI. fritillus, Wiet. and Zieler., H. Vicarii (

— IT. pentangularis, Ph.

not Mill.), PI. quintangidus (= PI. pentangularis, Aust. not Mill.), and Rh. crenatus,

Goldf. P Receplaculites sp. and Serpula P semiplicatus Sandb. ; and also the

following, whicn are new : l*terinea obovatUf a small deep species, like Pt. texturata,

Ph., but without concentric lamellae ; Pt, placidoy flatter and more angulated than

the last, and with more distant ribs flkan A. urbana, Barr. ; Pt, dilatata, which is

larger and wider and with fewer andPlnore distant ribs than ^e preceding, crossed

by crowded growth lines; Pt, crenatissimay a longer shell witm very anterior umbo,
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and covered with fine granulated lines crossing minute rays ; bellula^ a species

like Pt. fasciculata, Goldf., but with few alternating ribs crossed by distant zigzag
striae

; Avtcuiopecten hirundellay separated from Pt. texturata by its shorter hinge
line and finer reticulation (the right valve has- transverse marks similar to those of
Pt. ala. Barr.) A» avifoi'misj a flat recurved shell much produced and rounded
behind, with very small umbo and wings

;
A. comma, similar to the preceding, but

much smaller and with reticulated surface
;
A. gracillimmf a flat, elongate, sub-

equilateral form, with minute umbo, notched anterior ear and close alternating

ribs
;
MytUlus Robertsii, which is more ovoid and less produced in the postero-

superior region than M. dimidiatus, Qoldf.
;
M, stultus, a short, squarish form, with

fine concentric strise and a few stronger ones ; M. pinnoides, which is shorter and
has a more direct umbo than M. uncinatus, Eichw.

; Mycdina elliptica, a smooth,
convex ovoid shell, differing from Unio castor, Eichw., in its more incurved umbo,
and less dilate wings

;
Megalodon colnmbinus, separated from M. carinatus, Goldf.,

by its finer, regular plaits, more terminal umbo, and the contour of its. elevated
keel

;
M. ? prominens, larger than ‘the last, and with coarser wavy plaits, loftier

and more projecting umbo, and more oblique anterior margin
;
Ctenodonta? lepida,

a small, flat, transverse shell, which is narrower and more convex anteriorly than
P. modiolaris, F. A. Rb.

;
Cardiomorpha ? polita, a flat, oblique species, unlike A.

damnoniensis, Ph., in its smoothness and its shorter hinge-line
;
Cypricardia neglecta,

with fewer, stronger ribs and more definite wing than M. scalaris, Ph., C. guttata,

with fewer plaits and rounder indentations than C. crenistria, Sandb.
;
C, emiformis,

a much flatter and wider shell than C. neglecta, and with more and finer plaits

;

Edmondia 9 dubia, a large, wide convex shell, with a recurved anterior umbo, deep
area and close, indistinct, bifurcating growth, lines

;
Ilexacrinvs peparmatua, witn

calix, like II. macrotatus, Aust., but covered with sharp, regular, non-confluent
tubercles

;
IL microglyphicus, with a convex calix, very long basals, and fine orna-

mentation
;
PlatycTinus dberrans, with trilobed attachment, elongate calix, three

squarish basal, four or five long radials, intercalated with one large and one small
subsidiary anal

;
Ilaplocrinus decipiens, a minute crinoid, having a short calix with

an elevated conical summit, with key-shaped grooves for the arms; Tricmlocrinusf
Led, with shorter limbs and shallower excavations than T, Woodmani, Mate and
Worthenj and Seipula? devonica, a long, straight, smooth, and cylindrical tube.

Sub-Section C.

1. Mineralogical Evolution, By T. Sterrt Hunt, LL.D., F.B.S.

In a paper read by the author in 1887, before the Geological Section of the British

Association for the Advancement of Science, on The Elements of Primary Geology,
it was said that ‘ the transformation of the primitive igneous material of the

earth’s crust through the action of air and water, aided by internal heat, presents

a mineralogical evolution not less regular, constant, and definite in its results than
the evolution apparent in the organic kingdoms.’ ^ The details of this complex
evolutionary process, as explained by what the writer has named the crenitic

hypothesis, have been elsewhere set forth at length, on more than one occasion, and
involve the whole chemical history of the various mineral species which enter into

the constitution of rock-masses, but especially their relations to subterranean

changes under the influence of heated water, and to atmospheric action. As we
have pointed out, the transformation of basalt into the hydrous porodic body
known as palagonite, and the subsequent partial conversion of this into a crystal-

line zeolite, as described by Bunsen, furnishes a significant illustration of the
process under consideration.

The stability of silicated species under qjjpospherm influences is very variable,

> Tramao^nt, p. 704; also Qeologioat-Magazine, November 1887.
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fioroe being readily decomposed, and others very permanent; the indifference or
chemical resistance, moreover, increasing with the hardness or mechanical resistance.

These two qualities vary, for species of analogous constitution, directly as their con-
densation

;
while for species of similar condensation and hardness, the chemical in-

difference increases as alumina takes the place of the ordinary protoxyd-bases, lime,
magnesia, ferrous ox^d, and alkalies—a fact readily explained by the comparative
insolubility of alumina and aluniinous silicates in atmospheric waters. The less

partial action of dilute fluorhydric acid on the various silicates shows more clearly

than the atmospheric process, the relation of condensation to chemical indifference.

This relation may be made evident by a few examples. The condensation being
inversely as the so-called atomic volume, we find that when calculated by a simple
formula (elsewhere given by the author) for all silicates and oxyds this value,
represented by v {=p-^d) for the various feldspars and scapolites, for nephelite,
iolite, and petalite, equals 6*8— 6*2

;
for the muscovitic or non-magnesian micas,

6’9— 6’6
;
for garnet, epidote, zoisite, and the various tourmalines, 6’4— 6*3

;
for

fltaurolite and spodumeno, 4‘9
;
and for andalusite, topaz, fibrolite, and cyanite,

5«0— 4*6, a,pproximately. Comparing with these the common protoxyd-silicates,

we find for wollastonite and willemite, v = 6*6
;
for amphibole, 6*9

;
for pyroxene

and enstatite, 6'5
;
for chrysolite, 6*4 — 6*3

;
and for phenakite, 4*6. In the sub-

aerial decay of crystalline rocks, while felspars and scapolites among alumini-
ferous silicates are kaolinised, the micas, notwithstanding their laminated structure^

are much less readily changed, and garnet, epidote, tourmaline, andalusite, and
topaz are found unaltered, with the quartz, corundum, spinel, cassiterite, and mag-
netite left behind by the decay of the felspathic rocks—a process in which even
amphibole, pyroxene, and chrysolite share. * The greater stability of those [sili-

cates] which belong to the more condensed types is shown in their superior

resistance to decay, and is thus of geological significance.^

While the above are examples of the varying resistance to the atmospheric in-

fluences of carbon dioxyd and water combined, other changes less well known take

place in silicates by the subterranean action of watery solutions, where a greater

insolubility determines the formation of certain softer hydrated magnesian and
aluminous species by epigenesis from harder and more condensed species. The pro-

duction of these epigenic products, as was said in 1886, is due to their * chemical
stability under the circumstances,’ and it was added, ‘ The constancy in composi-
tion and the wide distribution of pinite show that it is a compound readily formed
and of great stability. Such being its character, it might be expected to occur as

a frequent product of the aqueous changes of other and less stable silicates. It is

met with in veinstones in the shape of crystals of nephelite, iolite, scapolite, fel-

spars, and spodumene, from each of which it is supposed to have been formed by
,
epigenesis. Its frequent occurrence as an epigenic product is one of the many
examples to be met with in the mineral kingdom of the law of “ the survival of

the fittest.” It is, however, difficult to assign such an origin to beds of this

[described as dysyntribite and parophite], which are probably the results of or^nal
deposition or of diagenesis.’

Mr. E. A. Bid.sdale, who during the present year (1888) has done good service

by publishing a suggestive essay called * Notes on Inorganic Evolution,’ speaks of

the production and conservation of more stable species, as above described, as a

'

gradual * selection of inert forms,’ and further, as ‘ a survival of the most inert.’

But as inertness consists in stability, and in fitness to resist alike the chemical and
the mechanical agencies which destr<^ other species, it is evident that his phraseo-

logy is but another statement of the mrmula of * the survival of the fittest.’

The great principle of the change of the mineral matters which existed in

former conditions of our planet, into other forms more stable under the altered con-

ditions of later ages, is but an extension to the mineral kingdom of the laws already

recognised in ‘astronomical and biological development. As was written in 1884,

'That a great law presided over the development of the crystalline rocks was from

the first my conviction, but until thd confusion which a belief in the miracles of

metamorphism, metasomatism, and vulcanism had introduced into geology had

been dispelled, the discovery of such a law was impossible/ To this vve may add
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that * the pfreat successive groups of stratiform crystalline rocks mark necessary

stages in the mineralogical evolution of the planet’
; and that the principles which we

have elsewhere laid down will help us * to recognise the existence and the necessity

of an orderly lithological development in time.’ The reader who desires to follow

the questions here raised will hod them discussed in the author’s * Mineral Pl^sio-
logy and Physiography, (Boston, 1886), at much length in chapters V., VI., Vll.,

and VIII., and further noticed in the Appendix, p. 688, where will be found
references to previous pages here cited.

2.

Mejport on the Microscopic Structure of the Older Rocks of Anglesey

»

See Reports, p. 367.

3.

On a probable Capse of Contortions of Strata,

By Charles Ricketts, M.D.y F.O.S,

The amount of compression to which the crust of the earth would be subjected

as the effect of subsidence, by the presence of faults and other causes, as well as by
the secular cooling of its mass (Rev. O. Fisher, ‘ Phil. Mag.,’ Jan, 1888), is too in-

considerable to develop the great contortions and foldings certain strata have
undei^one.

When accompanied by cleavage, the distortion of contained fossils and the

displacement of included rock fragments (the flat sides lying parallel to the
cleavage planes), indicate that the change occurred whilst the clay deposits were
in an unconsolidated or plastic condition.

It is suggested that these flexures may be dependent on irregular pressure,

caused by the local distribution of larger and heavier particles on accumulations of
unconsolidated muddy deposits, in a similar manner to what may be demonstrated
by spreading layers of clay of various colours, dried and reduced to powder, in a
trough

j
when, on the admission of water, the clay has become plastic, sand is

heaped on some special part and extra weight applied, which in the experiment is

necessary. The heavier substance subsides into the plastic mass, and at the same
time the clay beds are squeezed outwards, causing the layers underneath to be
formed into films, which are still continuous with those on the sides, though these
are rendered considerably thicker than in their original state and are curved into

folds, even to reversal of the beds, representing on a small scale what are frequently
met with in stratified rocks. The experiment so coincides with natural phenomena
that it is reasonable to expect it will prove to be a true and frequent cause of the
contortions of strata.

4.

On the Temperature at which Beryl is decolorised.^

By J. Jolt, M.A.y B.E,

Experiments on some translucent gi’een and yellow beryls from Olencullen,
Co. Dublin, show that these beryls are almost entirely deprived of colour when
exposed for one hour to a temperature of 357° C., f.e., the temperature of boiling

mercury at atmospheric pressure. The loss of colour takes place whether the
beryls are out of contact with the air or not. It was found further that exposure •

to a temperature of 230° C. for the space of 30 hours effected a marked loss of colour.
In all cases the crystals retain their translucency. They have shown no signs of
regaining colour during a lapse of three years since the date of the experiments.

The author suggests that this observation may bear on the history of the
containing granite subsequent to the formation of beryl if the colour of the latter

be regarded as indicating a major limit to the changes of temperature experienced
by the rock.

M l unii- - -- - *

Proo, Royal Dublin Soo. vol. v. p. 51.
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On the Occurrence of lolite in the Oranite of County Dublin.^
By J. Jolt, M.A.^ B.E.

lolite, not previously noticed in Irish granite, has been found by the author in
granite of GlencuUen. It occurs as a microscopical but abundant inclusion

in a substance of felspathic nature which is to be found interpenetrating prisms of
beryl. Its presence is confined, apparently, to the felspar so intermixed with beryl.

The iolite is in twelve-sided basal prisms, showing the faces 7
,
t-1, «-S, i-1, 0

,
in

size up to 0*1 mm. in length, transparent, colourless viewed singly, and presenting
a vivid and beautiful object in the polarising microscope. Characteristic features
are the basal angles of 160°, 120° or 60°

;
its generally symmetrical extinction on

elongated rectangular sections and the transverse cleavage on such sections. A
foliation or plating on 0, and an oblique twining line parallel to /, are also fre-

quently met with. Occasionally the crystals occur in radiating groups. Enclosures
are rare, generally glass. *

6.

An Igneous Succession in Shropshire.

By W. W. Watts, M.A., F.G.8.

The author described the succession of Igneous Rocks in the Shelve and Corndon
district in Shropshire.

1. There is a series of Andesitic ashes, interbedded at two principal horizons in

the Ordovician sequence. These have a percentage of silica varying from 66-60.

2. Then come three sets of intrusive masses, a. Andesites (59-64 per cent, of
silica). These are intruded into Ordovician rocks, and never touch the Silurian

of the district. 6. Dolerites (61-48 per cent, of silica) which are post-Silurian in

date. c. Picrites (41-34 per cent, of sDica) of later date. These are undoubtedly
rocks intermediate in age and composition, but it is difficult to be quite sure of this

where the differences in composition are so slight. One, however—the dolerite of
Llanfawr—is a very basic dolerite, coming between the normal dolerites and picrites.

In minerals a similar transition is to be noted. The Andesites are rich in

Hypersthene, the Dolerites rather richer in Augite, while Olivine and Brown Mica
come in in the Picrites. The author believed, though he had no means of certainly

proving it, that the felspars became more basic in the more basic rocks, but
certairdy there were different felspars in some of the difierent members of the series.

Another curious point was that the mineral aggregates in glomeroporphyritic

Andesites are practically pieces of the ophitic dolerites. The determination of the
specific gravities of these rocks gave a similar sequence, the least dense rocks

having been erupted first and the denser last. Each of the eruptive rocks occurred

in laccolites along the main anticlinal line of the district and also in dykes and
along fault lines.

7.

Fourteenth lleport on the Circulation of Underground Waters.

See Reports, p. 145'.

8.

A List of Works referring to British Mineral and Thermal Waters.

» By W. H, Dalton.—See Appendix, p. 859.

Proo. Royal Dtdflin Soc. vol. v. p. 66.
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Section D.—BIOLOGY.
(

Pebsident op the Section.—W. T. THISELTON-DYER, C.M.G., M.A., B.Sc.,

F.R.S., F.L.S.

THURSDAY, SEPTEMBER 6.

The President delivered the foUowing Address :

—

Before we commeiice the formal business of the Section, I propose to invite your
attention to several points which have suggested themselves to me from a con-

sideration of the present position and progress of the study of botany in this

country.

It is not so very long ago that at English universities, at least, the pursuit of

botany was regarded rather as an elegant accomplishment than as a serious occu>

pation. This is the more remarkable because at every critical point in the history

of botanical science the names of our countrymen will be found to occupy an honour-
able place in the field of progress and discovery. In the seventeenth centuryHooke
and Grew laid the foundations of the cell theory, while Millington, by discovering

the function of stamens, completed the theory of the flower. In the following

century Morison first raised ferns from spores, Lindsay detected the fern prothallus,

Ray laid the foundations of a natural classification. Hales discovered root-pressure,

and Priestley the absorption of carbon dioxide and the evolution of oxygen by
plants. In the early part of the present one we have Knight’s discovery of the true

cause of geotropism, Baubeny’s of the effect upon the processes of plant-life of rays

of light of different refrangibility, and finally, the first description of the cell-nucleus

by R. Brown. I need not attempt to carry the list through the last half-century.

I have singled out these discoveries as striking landmarks, the starting-points of

important developments of the subject. It is enough for my purpose to show that

we have always had an important school of botany in England, which has contri-

buted at least its share to the general development of the science.

I think at the moment, however, we have little cause for anxiety. The academic
chairs throughout the three kingdoms are filled, for the most part, with young, en-

thusiastic, and well-trained men. Botany is everywhere conceded its due position

as the twin branch with zoology of biological science. We owe to the enlightened

administration of the Oxford University Press the possession of a Journal which
allows of the prompt and adequate publication of the results of laboratory

research. The excellent work which is being done in every part of*the botanical

field has received the warm sympathy of our colleagues abroad. I need only recall

to your recollection, as a striking evidence of this, the remarkable gathering of
foreign botanists, which will ever make the meeting of this Association at Man-
chester a memorable event to all of us. The reflection rises sadly to the mind that
it can never ber^atcd. Not many months, as you know, had passed before the

two most prominent figures in that happy assemblage bad been removed from us
by the inexorable hand of death. In Asa Gray we xnisB a figure which we could
never admit belonged w^lly to the other side of the Ailantic* In technical botany
we recognised him as altogether in harmony with the methods of work and standara
of excellence of our own most distinguished taxonomists. But, apart from this, he
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Lad that power of grasping large and far-reaching ideas, which, I do not doubt,
would have brought him distinction in any branch of science. We owe to him the
classical discussion of the facts of plant distribution in the Northern Hemisphere,
which is one of the corner-stones of modem geographical botany. He was one of
the earliest of distinguished naturalists who gave his adhesion to the theory of
Mr. Darwin. A man of simple and sincere piety, the doctrine of descent never

S
resented any difficulty to him. He will remain in our memories as a figure en-
o%ed with a sweetness and elevation of character which may be compared even

with that of Mr. Darwin himself.

In De Bary we seem to have suffered no less i. personal loss than in the case of
Gray. Though, before last year, I do not know that he had ever been in Eng-
land, so many of our botanists had worked under him that his infl.uence was
widely felt amongst us. And it may be said that ohis was almost equally so in every
part of the civilised world. His position as a teacher was in this respect probably
unique, and the traditions of his methods of wdrk must permanently affect the pro-
gress of botany, and, indeed, have an even wider effect. This is not the occasion

to dwell on each of his scientific achievements. It is sufficient to say that we owe
to him the foundations of a rational vegetable pathology. He first grasped the
true conditions of parasitism in plants, and not content with working out the com-
plex phases of the life-history of the invading organism, he never lost sight of the
conditions which permitted or inhibited its invasion. He treated the problem,
whether on the side of the host or of^the parasite, as a whole, as a biological

problem, in fact, in the widest sense. It is this thorough grasp of the conditions

of the problem that give such a peculiar value to his last published book, the
* Lectures on Bacteria,' an admirable translation of which we owe to Professor

Balfour. To this I shall have again to refer. I must content myself with saying
now, that in this and all his work there is that note of highest excellence which
consists in lifting detail to the level of the widest generality. To a weak man this

is a pitfall, in which a firm grasp of fact is lost in rash speculation. But when, as

in De Bary’s case, a true scientific insight is inspired by something akin to genius,

the most fruitful conceptions are the result. Yet De Bary never sacrificed exact-

ness to brilliancy, and to the inflexible love of truth which pervaded both his work
and his personal intercourse we may trace the secret of the extraordinary influence

which he exerted oyer his pupils.

As the head of one of the great national establishments of the country devoted
to the cultivation of systematic botany, I need hardly apologise for devoting a few
words to the present position of that branch of the science. Of -its fundamental
importance I have myself no manner of doubt. But as my judgment may seem in

such a matter not wholly free from bias, I may fortify myself with an opinion

which can hardly be minimised in that way. The distinguished chemist. Professor

Ijothar Meyer, perhaps the most brilliant worker in the field of theoretical

chemistry, finds himself, like the systematic botanist, obliged to defend the

position of descriptive science. And he draws his strongest argument from
biology.

* The physiology of plants and animals,’ he tells us, ‘ requires systematic

botany and zoology, together with the anatomy of the two kingdoms: each
speculative science requires a rich and well-ordered material, if it is not to lose

itself in empty and fruitless fantasies.’ No one, of course, supposes that the

accumulation of plant specimens in herbaria is the mere outcome of a passion for

accumulating. But to do good systematic work requires high qualities of exacti-

tude, patience, and judgment. As I attempted to show on another occasion, the

world is hardly sensible of the influence which the study of, the subject hashed
on its affairs. The school of Jeremy Bentbam has left an indelible mark on the

social and legislative progress of our own time. Mill tells us that * the proper

arrangement of a code of laws depends on the same scientific conditions as the

classifications in satur^ history }
:hor could there,’ he adds, ‘ be a better preparatory

discipline for that important fito^ than the principles of a natural arrangement,

not only in the abstract, but in their actual application to thp class of phenomena
for which they were first elaborated, and which are still the beat school for leam-

Ihg their use.^ He further tells- us that of this Jeremy Bentham was perfectly
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aware, and that his * Fragment on Government ’ contains clear and just views on the
meaning of a natural arrangement which reflect directly the influence ofLinnaeus and
Jussieu. Mill himself possessed a competent knowledge of systematic botany, and
therefore was well able to judge of its intellectual value. For my part, I do not
doubt that precisely the same qualifications of mind which made Jeremy Bentham
a great jurist, enabled his nephew to attain the eminence he reached as a botanist.

As a* mere matter of mental gymnastic, taxonomic science will hold its own with
any pursuit. And, of course, what I say of botany is no less true of other branches
of natural history. Mr. Darwin devoted eight or nine years to the systematic study
of the Cirripedia. * No one,' he himself tells us, * has a right to examine the question

of species who has not minutely described many.' And Mr. Huxley has pointed
out, in the admirable memoir of Mr. Darwin which he has prepared for the Royal
Society, that, the acquirement of an intimate and practical knowledge of the process

of species-making . .
. ' was ‘ of no less importance to the author of the “ Origin of

Species ” than was the bearing of the' Oirripede work upon the principles of a natural

classification'

At present the outlook for systematic botany is somewhat discouraging. France,

Germany, and Austria no longer possess anything like a school in the subject,

though they still supply able and distinguished workers. That these are, how-
ever, few, may ? e judged from the fact that it is difficult to fill the place of the

lamented Eichler in the direction of the Botanic Garden and Herbarium at Berlin.

Outside our own country, Switzerland is fhe most important seat of general syste-

matic study to which three generations of De Candolles have devoted themselves.

The most active centres of work at the moment are, however, to bo found in our
own country, in the United States, and in Russia. And the reason is, in each case,

no doubt the same. The enormous area of the earth's surface over which each
coimtry holds sway brings to them a vast amount of material which peremptorily

demands discussion.

No country, however, affords such admirable facilities for work in systematic

botany as are now to be found in London. The Linnean Society possesses the

Herbarium of Linnaeus
;
the Botanical Department of the British Museum is rich

in the collections of the older botanists; while at Kew we have a constantly

increasing assemblage of material, either the results of travel and expeditions or

the contributions of correspondents in different parts of the empire. A very large

proportion of this has been worked up. But I am painfully impressed with the

fact that the total of our available workers bears but a small proportion to the

labour ready to their hands.

This is the more a matter of concern, because for the few official posts which
are open to botanists at home or abroad a practical knowledge of systematic botany
is really indispensable. For suitable candidates for these one naturallv looks to

the universities. And so far, I am sorry to say, in great measure one Iooks in vain.

It would be, no doubt, a great impulse to what is undoubtedly an important branch
of national scientific work if fellowships could occasionally be given to men who
showed some aptitude for it. But these should not be mere prizes for under-
graduate study, but should exact some guarantee that during tlie tenure of the

fellowship the holder would seriously devote himself to some definite piece of
work. At present, undoubtedly, the younger generation of botanists show a dis-

position to turn aside to those fields in which more brilliant and more immediate
results can be attained. Their neglect of systematic botany brings to some extent

its own Nemesis. A first principle of systematic botany is that a name should

denote a definite and ascertainable species of plant. But in physiological literature

you will find that the importance of this is often overlooked. Names are

employed which are either not to be found in the books, or they are altogether

misapplied. But if proper precautions are taken to ascertain the accurate

botanical name of a plant, no botanist throughout the civilised world is at a loss to

identify it.

But precision in irjtoienclature is only the necessary apparatus of the subject.

The data of systematic botany, when properly discussed, lend themselves to very
important generalisations. Perhaps those which are yielded by the study of
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geographical distribution are of the most general interest. The mantle of vegeta-
tion which covers the surface of the earth, if only we could rightly unravel
its texture, would tell us a good deal about geological history. The study of
geographical distribution, properly handled, affords an independent line of attack

upon tne problem of the past distribution of land and sea. It would probably
never afford sufficient data for a complete independent solution of the problem

;

but it must always be extremely useful as a check upon other methods. Here,
however, we are embarrassed by the enormous amount of work which has yet to

be accomplished. And unfortunately this is not of a kind which can be indefinitely

postponed. The old terrestrial order is fast passing away before our eyes. Every-
where the primitive vegetation is disappearing as more and more of the earth’s

surface is brought into cultivation or, at any rate, denuded of its forests.

A good deal, however, has been done. W i owe to the indomitable industry of Mr,
Benthamand of Sir Ferdinand Mueller a comprehensive flora of Australia, the first

large area of the earth’s surface of which the vegetation has been completely worked
out. Sir Joseph Ilookei;, in his retirement, has pushed on within sight of com-
pletion the enormous work of describing so much of the vast Indo-Malayan flora as

is comprised within British possessions. To the Butch botanistswe owe a tolerably

complete account of the Malayan flora proper. But New Guinea still remains
botanically a terra incognita^ and till within the last year or two the flora of China
has been an absolute blank to us. A committee of the British Association (whose
report will be presented to you) has, with the aid of a small grant of money, taken

in hand the task of gathering up the scanty data which are available in herbaria

and elsewhere. This has stimulated European residents in China to collect more
material, and the fine collections which are now being rapidly poured in upon us
will, if they do not overwlielni us by their very magnitude, go a long way in

supplying data for a tentative discussion of the relations of the Chinese flora to

that of the rest of Asia. I do not doubt that this will in turn explain a good deal

that is anomalous in the distribution of plants in India. The work of the com-
mittee has been practically limited to Central and Eastern China. From the west,

, in Yunnan, the French botanists have received even more surprising collections, and
these supplement our own work in the most fortunate manner. I have only to add
for Asia Boissier’s * Flora Orientalis,’ which practically includes the Mediterranean
basin. But I must not omit the invaluable report of Brigade-Surgeon Aitchison

on the collections made by him during the Afghan Delimitation Expedition. This
has given an important insight into the vegetation of a region which had never
previously been adequately examined. Nor must I forget the recent publication of
the masterly report by Professor Bayley Balfour on the plants collected by himself
and Schweinfurth in Socotra, an island with which the ancient Egyptians traded, but
the singularly anomalous flora of which was almost wholly unknown up to our
time.

The flora jof Africa has been at present but imperfectly worked up, but the
materials have been so far discussed as to afford a tolerablv correct theory of its

relations. The harvest from Mr. Johnston’s expedition to !l^ilmanjaro was not as

rich as might have been hoped. Still, it was sufficient to confirm the conclusions

at which Sir Joseph Hooker had arrived, on very slender data, as to the relations

of the*high-level vegetation of Africa generally. The flora of Madagascar is perhaj)S,

at the moment, the most interesting problem which Africa presents to the botanist.

As the rich collections, for which we are indebted to Mr. Baron and others, are

gradually worked out, it can hardly be doubted that it will be necessary to modify
m some respects the views which are generally received as to the relation of the

island to the African continent. My colleague, Mr. Baker, communicated to the

York Meeting of the Association the results which, up to that time, he had arrived

at, and these subsequent material has not led him to modify. The flora as a whole
presents a large proportion of endemic genera and species, pointing to isolation

from a verv ancient date. The tropical dement is, however, closely allied to that

of Tropical Africa and of the Mascarene Islands, and there iisa small infusion of

Adatic tvpes which do not extend to Africa. The high-level flora, on the other

hr«nd, exhibits an even closer affinity with that temperate flora the ruins of which
1888. YY
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are scattered over the mountainous regions of Central Africa, and which survives

i n its greatest concentration at the Cape.

The American botanists at Harvard are still systematically carrying on the

work of Torrey and Gray in the elaboration of the flora of Northern America. The
Kussians are, on their part, continually adding to our knowledge of the flora

of Northern and Central Asia. The whole flora of the North Temperate Zone can
only be regarded substantially as one. The identity diminishes southwards and
increases in the case of the Arctic and Alpine regions. A collection ofplants brought

us from high levels in Corea by Mr. James might, as regards a large proportion of

the species, have been gathered on one of our own Scotch hills.

We owe to the muniBcence of two English men of science the organisation of

an extensive examination of the flora and fauna of Central America and the publi-

cation of the results. The work, when completed, can hardly be less expensive than
that of the results of the * Challenger * voyage, which has severely taxed the liber-

ality of the English Government. The problems which geographical distribution

in this region present will doubtless bo found to be of a singularly complicated

nature, and it is impossible to overestimate the debt of gratitude which biologists of

all countries must owe to Messrs. Godraan and Salvin when their arduous under-

taking is completed. I am happy to say that the botanical portion, which has been
elaborated at Kf'w, is all but finished.

In South America, I must content myself with referring to the great ' Flora

Brasiliensis,’ commenced by Martins half a century ago, and still slowly progressing

under the editorship of Professor Urban at Berlin. Little discussion has yet been
attempted of the mass of material which is enshrined in the mighty array of volumes
already published. But the travels of Mr. Ball in South America have led him to the

detection of some very interesting problems. The enormous pluvial denudation of

the ancient portions of the continent has led to the gradual blending of the flora of

different levels with sufficient slowness to permit of adaptive changes in the process.

The tropical flora of Brazil, therefore, presents an admixture of modified temperate
types w'hich gives to the whole a peculiar character not met with to the same
degree in the tropics of the old world. On the other hand, the comparatively
recent elevation of the southern portion of the continent accounte, in Mr. Ball’s eyes,

for the singular poverty of its flora, w'hich we may regard indeed as still in progress

of development.
The botany of the * Challenger ’ expedition, which was also elaborated at Kew,

brought for the first time into one view' all the available facts as to the floras of the
older oceanic islands. To this was added a discussion of the origin of the more
recent floras of the islands of the Western Pacific, based upon material carefully

collected by Professor Moseley and supplemented by the notes and specimens
accumulated with much judgment by Br. Guppy. For the first time we were enabled
to get some idea how a tropical island was furnished with plants and to discrimi-

nate the littoral element due to the action of oceanic currents irom the ipterior forest

almost wholly due to frugivorous birds. The recent examination of Christmas
Island by the English Admiralty has shown the process of island flora-making in

another stage. The plants collected by Mr. Lister prove, as might be expected, to

be closely allied to those of Java. But the eflbct of isolation has begun to tell

;

and I learn from my colleague. ProfessorOliver, that the plants from Christmas Island
cannot be for the most part, exactly matched with their congeners from Java, but
yet do not differ sufficiently to be specifically distinguished. We have here, tWe-
fore, it appears to me, a manifest case of nascent species.

The central problem of systematic botany I have not as yet touched upon: this

is to perfect a natural classification. Such a classification, to be perfect, must be
the ultimate generalisation of every scrap of knowledge which we can bring to bear
upon the study of plant affinity. In the higher plants experience has shown that
we can obtain results which are sufficiently accurate for the present without carrying
our structural analysis very far. Yet even here, the correct relations of the
Gymnosperms wouli^never have been ascertained without patient and minute
microscopic study of the reproductive processes. Upon these, indeed, the correct
classification of the Vascular Cryptogams wholly depends, and generally, as wo
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descend in the scale, external morphology becomes more and more insecure as a
guide, and a thorough knowledge of the minute structure and life history of each
organism becomes indispensable to an3rthing like a correct determination of its

taxonomic position. The marvellous theory of the true nature of Lichens would
never have been ascertained by the ordinary methods of examination which were
held to he sufficient by lichenologists.

The final form of every natural classification—for I have no doubt that the
general principles I have laid down are equally true in the field of zoology—^must

be to approximate to the order of descent. For the Theory of Descent became an
irresistible induction as soon as the idea of a natural classification had been firmly
grasped.

In regard to flowering plants we owe, as I have said, the first step in a natural
classification to our own great naturalist John Day, who divided them into Mono-
cotyledons and Dicotyledons. The celebrated classification of Linnseus was
avowedly purely artificial. It was a temporar;- expedient, the provisional character
of which no one realised more thoroughly than himself. He, in fact, himself gave
us one of the earliest outlines of a truly natural system. Such a system is based on
affinity, and we know of no other explanation of affinity than that which is implied
in the word, namely, common parentage. No one finds any difficulty in admitting
that, where a number of individual organisms closely resemble one another, they
must have been derived from the same stock. I allow that, in cases where external

form is widely different, the conclusion to one who is not a naturalist is by no means
so obvious. But in such cases it rests on the profound and constant resemblance
of internal points of structure. Anyone who studies the matter with a perfectly

open mind finds it impossible to draw a line. If genetic relationship or heredity

is admitted to be the explanation of affinity in the most obvious case, the stages

are imperceptible, when the evidence is fairly examined, by which the same con-
olusion is inevitable, even in cases where at the first glance it seems least likely.

This leads mo to touch on the great theory which we owe to Mr. Darwin,
That theory, I need hardly say, was not merely a theory of descent. This
had suggested itself to naturalists in the way I have indicated long before.

What Mr. Darwin did was to show how by perfectly natural causes the separation

of living organisms into races which at once resemble and yet differ from one
another so profoundly came about. Heredity explains the resemblance

;
Mr,

Darwin’s great discovery was that variation worked upon by natural selection

explained the difference. That explanation seems to me to gather strength every
day and to continually reveal itself as a more and more efficient solvent of the
problems which present themselves to the student of natural history. At the

eame time I am far from claiming for it the authority of a scientific creed or even
the degree of certainty which is possessed by some of the laws of astronomy. I
only affirm that as a theory it has proved itself a potent and invaluable instrument

of research. It is an immensely valuable induction
;
but it has not yet; reached

such a position of certitude as has been attained by the Law of Gravitation, and I
have myself, in the field of botany, felt bound to protest against conclusions being

drawn deductively from it without being subjected to the test of experimental

verification. This attitude of mine, which I believe I share with most naturalists,

must not, however, be mistaken for one of doubt. Of doubt as to the validity of

Mr. Dar^fin’s views I have none ; I shall continue to have none till I come across

facts which suggest doubt. But that is a different position from one of absolute

certitude.

It is therefore without any dissatisfaction that I observe that many competent

persons have, while accepting Mr. Darwin’s theory, set themselves to criticise

various parts of it. But I must confess that I am disposed to share the opinion

expressed bjr Mr. Huxley, that these criticisms really rest on a want of a thorough

comprehension.
. ^

Mr. Ilomanes has put forward a view which deserves the attention due to the

speculations of a man of singular subtlety and dialectic sk^l. He has started us

with the paradox that Mr. Darwin did not after all put forth, as I conceive it was
his own impression he did, a theory of the origin of species, but only of adaptations.

Y Y 2
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And inasmuch as Mr. Romanes is of opinion that specific differences are not * even
generally *

adaptive, while those of genei’a are, it follows that Mr. Darwin only
really accounted for the origin of the latter, while for an explanation of tlie former
we must look to Mr. Romanes himself. For my part, however, 1 am altogether

imable to accept the premises, and therefore fail to reach the conclusion. Specitio

differences, as we find them in plants, are for the most part indubitably adaptive,

while the distinctive characters of genera and of higher groups are rarely so.

Let anyone take the numerous species of some well-charactorisea English genus,

for example lianunculus
;
he will find that one species is distinguished by having*

creeping stems, one by a tuberous root, one by floating leaves, another by drawn-
out submerged ones, and so on. But each possesses those common characters which
enable the botanist almost at a glance, notwithstanding the adaptive disguise, to

refer them to the common genus Eatimiculus. It seems to me quite easy to see,

in fact, why specific characters should be usually adaptive, and generic not so.

Species of any large genus must, froiji the nature of things, find themselves exposed
to any but uniform conditions. They must acquire, therefore, as the very con-
dition of their existence, those adaptive characters which the necessities of their

life demand. But this rarely affects those marks of affinity which still indicate

their original common origin. Probably these were themselves once adaptive, but
they have long been overlaid by newer and more urgent modifications. Still

Nature is ever cor.^servative, and these reminiscences of a bygone history persist

;

significant to the systematic botanist as telling an unmistakable family story, but
far removed from the stress of a struggle in which they no longer are called upon
to bear their part.

Another episode in the Darwinian theory is, however, likely to occupy our
attention for some time to come. The biological world now looks to Professor Weiss-
mann as occupying the most prominent position in this field of speculation. His
theory of the continuity of the germ-plasm has been put before English readers with
extreme lucidity by Professor Moseley. That theory, I am free to confess, I do
not find it easy to grasp clearly in all its concrete details. At any rate, my own
studies do not furnish me with sufficient data for criticising them in any adequate
way. It is, however, bound up with another theory—the non-inheritance of
acquired characters—which is more open to general discussion. If with Weissmann
we accept this principle, it cannot be doubted that the burden thrown on natural

selection is enormously increased. But I do not see that the theory of natural
selection itself is in any way impaired in consequence.

The question, however, is, are w’e to accept the principle ? It appears to me
that it is entirely a matter of evidence. It is proverbially difficult to prove a
negative. In the analogous case of the inheritance of accidental mutilations Mr.
Darwin contents himself with observing that we should be * cautious in denying
it.’ Still I believe that, though a great deal of pains has been devoted to the
matter, there is no case in which it has been satisfactorily proved that a character
acquired by an organism has been transmitted to its descendants

;
and there is, of

course, an enormous bulk of evidence the other way.
The consideration of this point has given rise to what has been called the new

Lamarckism. Now Lamarck account^ for the evolution of organic nature by
two principles—the tendency to progressive advancement and the force of external
circumstances. The first of these principles appears to me, like Nfigeli’t internal

modifying force, to be simply substituting a name for a thing. Lamarck, like many
other jjeople before him, thought that the higher organisms were derived from others
lower in the scale, and he explained this by saying that they had a tendency to be
so derived. This appears to me much as if we explained the movement of a train

from London to Bath by attributing it to a tendency to locomotion. Mr. Darwin
lifted the whole matter out of the field of mere transcendental speculation by the
theory of natural ;^lection, a perfectly intelligible mechanism by which the result

might be brought about. Science will always prefer a material modus operandi to
anything so vague as t^e action of a tendency.

Lamarck’s second principle deserves much more serious consideration. To be
perfectly fair we must strip it of the crude illustrations with which he hampered
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it. To suggest that a bird became web-footed by persistently stretching the skin
between its toes, or that the neck of a giraffe was elongated in the perpetual
attempt to reach the foliage of trees, seems almost repugpant to common sense.

But the idea that changes in climate and food

—

i.e. in the conditions of nutrition

generally—^may have some slow but direct influence on the organism seems, on a
superflcial view, so plausible that the mind is very prone to accept it. Mr. Darwin
has himself frankly admitted that he thought he had not attached sufficient

weight to the direct action of the environment. Yet it is extremely difficult to

obtain satisfactory evidence of effects produced in this way. Hoffmann experimented
with much pains on plants, and the results were negative. And Mr. 'Darwin
confessed that Hoffmann’s paper had ‘ staggered' him.

Organic evolution still, therefore, seems to me to be explained in tlie simplest way
as the result Jf variation controlled by natural selection. Now both these factors

are perfectly intelligible things. Variation is a mere matter of everyday observa-
tion, and the struggle for existence which is the cause, of which natural selection

is the effect, is equally so. If we state in a parallel form the Lamarckian theory,

it amounts to a tendency controlled by external forces. It appears to me that
there is no satisfactory basis of fact for either factor. The practical superiority of the
Darwinian over the Lamarckian theory is, as a working hypothesis, immeasurable.

The new Lamarckian school, if I understand their views correctly, seek to re-

introduce Lamarck’s ‘ tendency.’ The fact has been admitted by Mr. Darwin him-
self that variation is not illimitable. No one, in fact, has ever contended that any
type can be reached from any point. For example, as Weissmann puts it, ^ under
the most favourable circumstances a bird can never become transformed into a
mammal.’ It is deduced from this that variation takes place in a fixed direction

only, and this is assumed to be due to an innate law of development, or, as

Weissmann has termed it, a ‘phyletic vital force.’ But the introduction of any
such directive agency is superfluous, because the limitation of variability is a
necessary consequence of the physical constitution of the varying organism.

It is supposed, however, by many people that a necessary part of Mr. Darwin’s
theory is the explanation of the phenomenon of variation itself. But really this is

not more reasonable than to demand that it should explain gravitation or the source

of solar energy. The investigation of any one of these phenomena is a matter of

first-rate importance. But the cause of variation is perfectly independent of the

results that flow from it when subordinated to natural selection.

Though it is difficult to establish the fact that external causes promote varia-

tion directly, it is worth considering whether they may not do so indirectly.

Weissmann, like Lamarck before him, has pointed out, as others have also done, the

remarkable persistence of the plants and animals of Egypt
;
and the evidence of

this is now even stronger. We owe, at Kew, to the kindness of Dr. Schweinfurth,

a collection of specimens of plants from Egyptian tombs which are said to be as

much as 4,000 years old. They are still perfectly identifiable, and, as one of my
predecessors in this chair has pointed out, they differ in no respect from their

living representatives in Egypt at this day. The explanation which Lamarck gave
of this fact ‘may well,’ says Sir Charles Lyell, ‘lay claim to our admiration.’ He
attributed it, in effect, to the persistence of the physical geography, temperature,

and other natural conditions. The explanation seems to me adequate. The
plants and animals, we may fairly assume, were, 4,000 years ago, as accurately

adjusted to the conditions in which they then existed as the fact of their persistence

in the country shows that they must be now. Any deviation from the type that

existed then would either, therefore, be disadvantageous or indifferent. In the

former case it would be speedily eliminated, in the latter it would be swamped by
cross-breeding. But we Know that if seeds of these plants were introduced into

our gardens we should soon detect varieties amongst their progeny. Long obser-

vation upon plants under cultivation has always disposed me to think that a

change of external conditions actually stimulated variation, and so gave natural

selection wider play and a better chance of re-establishing the adaptation of the

organism to them. Weissmann explains the remarkable facr that organisms may
ioi thousands of years reproduce themselves unchanged by the principle of the
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persistence of the germ-plasm. Yet it seems hard to believe that the germ-plasm,

while enshrined in the individual whose race it is to perpetuate, and nourished at

its expense, can he wholly indifferent to all its fortunes. Tt may be so, hut in that

case it would be very unlike other living elements of organised beings.

I am bound, however, to confess that I am not wholly satbfied with the data

for the discussion of this question which practical horticulture supplies. That the

contents of our gardens do exhibit the results of variation in a most astonishing

degree no one will dispute. But for scientific purposes any exact account of the

treatment under which these variations have occurred is unfortunately usually

wanting. A great deal of the most striking variation is undoubtedly due to wide
crossing, and these cases must, of course, be eliminated when the object is to test

the independent variation of the germ-plasm. Hoffmann, whose experiments I

have already referred to, doubts whether plants do as a matter of ^act vary more
under cultivation than in their native home and under natural conditions. It

would be veiy interesting if this CQuld be tested by the concerted efforts of two
cultivators, say, for example, in Egypt and in England. Let some annual plant be
selected, native of the former country, and let its seed be transmitted to the latter.

Then let each cultivator select any variations that arise in regard to some given

character
;
set to work, in fact, exactly as any gardener would who wanted to

* improve ’ the plant, but on a preconcerted plan. A comparison of the success

which each obtained would bo a measure of the effect of the change of the environ-

ment on variability. If it proved that, as Hcffmann supposed, the change of con-

ditions did not affect what we may call the rate of variation, then, as Mr. Darwin
remarks in writing to Professor Semper, * the astonishing variations of almost all

cultivated plants must be due to selection and breeding from the varying indivi-

duals. This idea,’ he continues, * crossed my mind many years ago, but I was afraid

to publish it, as I thought that people would say, How he does exaggerate the

importance of selection !
”

’ From an independent consideration of the subject I

also find my mind somewhat shaken about it. Yet I feel disposed to say with
Mr. Darwin, ‘ I still believe that changed conditions give the impulse to

variability, but that they act zn most cases in a very indirect manner.’

Whatever conclusions we arrive at on these points, everyone will agree that

one result of the Darwinian theory has been to give a great impulse to the study
of organisms, if I may say so, as ‘ going concerns.’ Interesting as are the problems
which the structure, the functions, the affinity, or the geographical distribution of
a plant may afford, the living plant in itself is even more interesting still.

Every organ will liear interrogation to trace the meaning and origin of its form
and the part it plays in the plant s economy. That there is here an immense field

for investigation there can be no doubt. Mr. Darwin himself set us the example in

a series of masterly investigations. But the field is well-nigh inexhaustible. The
extraordinary variety of form which plants e.xhibit has led to the notion that
much of it may have arisen from indifferent variation. No doubt, as Mr. Darwin
has pointed out, when one of a group of structures held together by some morpho-
logical or physiological nexus varies, the rest will vary correlatively. One variation

then may, if advantageous, become adaptive, while the rest will be indifferent. But
it appears to me that such a principle should be applied with the greatest caution^

and from what I have myself heard fall from Mr. Darwin, I am led to believe

that in the later years of his life he was disposed to think that every detail of
plant structure had some adaptive significance, if only the clue could he found to it.

As regards the forms of flowers an enormous body of information has been collected^

but the vegetative organs have not yielded their secret to anything like the same
extent. My own impression is that they will he found to be adaptive in innu-
merable ways which at present are not even suspected. At Kew we have probably
a larger number of species assembled together than are to be found anywhere on
the earth’s surface. Here, then, is ample material for observation and comparison.
But the adaptive significance will doubtless often b^ found by no means to lie on
the surface. Who, ^r example, could possibly have guessed by inspection the pur-
pose of the glandular bodies on the leaves of Acacia aphcerocemtala and on the pul-
vinus of Cecropiapeltatayfhich'^Xt in the one case, andFritz MUller in the other hai^e



TBANSACTIONS OF SECTION D. 695

shown to serve as food for ants ? So far from this explanation being farfetched.

Belt found that the former * tree is actually unable to exist without its guard,’
which it could not secure without some attraction in the shape of food. One fact

which strongly impresses me with a belief in the adantive significance of vegetative
characters is the fact that in almost identical forms they are constantly adopted by
plants of widely different affinity. If such forms were without significance one
would expect them to be infinitely varied. If, however, they are really adaptive,

it is intelligible that different plants should independently avail themselves of tlie

same appliances and expedients.

Although this country is splendidly equipped with appliances for the study of
systematic botany, our universities and collegeci fall far behind a standard which
would be considered even tolerable on the Continent in the means of studying
morphological and physiological botany or of making researches in these subjects.

There is not at the moment anywhere in London an adequate botanical laboratory,

and though at most of the universities matters are not quite so bad, still I am not
aware of any one where it is possible to do afore than give the routine instruction

or to allow the students, when they have passed through this, to work for them-
selves. It is not easy to see why this should be, because on the animal side the
accommodation and appliances for teaching comparative anatomy and physiology
are always adequate and often palatial. Still less explicable to me is the tendency
on the part of those who have charge of medical education to eliminate botanical

study from the medical curriculum, since historically the animal histologists owe
everything to botanists. In the seventeenth century, as I have already mentioned,
HooKe first brought the microscope to the investigation of organic structure, and the

tissue he examined was cork. Somewhat later. Grew, in his ‘ Anatomy of Plants,’

gave the first germ of the cell-theory. During the eighteenth century the anato-

mists were not merely on a hopelessly WTong tack themselves, but they were bent
on dragging botanists into it also. It was not till 1837, a little more than fifty

years ago, that Ilenle saw that the structure of epithelium was practically the same
as that of the parenchyma plantarum which Grew had described 150 years before.

Two years later Schwann published his immortal theory, which comprised the

ultimate facts of plant and animal anatomy under one view. But it was to a
botanist. Von Mohl, that, in 1846, the biological world owed the first clear descrip-

tion of protoplasm, and to another botanist, Cohn (1851), the identification of this

with the Barcode of zoologists.

Now the historic order in discovery is not without its significance. The path
which the first investigators found most accessible is doubtless that which be-

ginners will also find easiest to tread. I do not myself believe that any better

access can be obtained to the structure and functions of living tissues than by the

study of plants. However, I am not without hopes that the serious study of botany
in the laboratory will be in time better cared for. I do not hesitate to claim for it

a position of the greatest importance in ordinary scientific education. All the

essential phenomena of living organisms can be readily demonstrated upon plants.

The necessary appliances are not so costly, and the work of the class-room is free

from many^ifficulties with which the student of the animal side of biology has to

contend.
Those, however, who have seriously devoted themselves to the pursuit of either

morphological or physiological botany need not now be wholly at a loss. The
splendid laboratory on Plymouth Sound, the erection of which we owe to the

energy and enthusiasm of Professor Ray Lankester, is open to botanists as well as

to zoologists, and affords every opportunity for the investigation of marine plants,

in which little of late years has been done in this country. At Kew we owe to

private munificence a commodious laboratory in which much excellent work has

already been done. And this Association has made a small grant in aid of the

establishment of a laboratory in the Royal Botanic Garden at Peradeniya, in

Ceylon, It may be hoped that this will afford facilities for work of the same kind

as has yielded Dr, Treub such a rich harvest of results in the Buitenzorg Botanic

Garden in Java. ^

Physiological botany, as I have already pointed out, is a field in which this
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country in the past has accomplished great things. It has not of late, however,
obtained an amount of attention in any way proportionate to that devoted to

animal physiology. In the interests of physiological science generally, this is

much to be d^lored
;
and I believe that no one was more firmly convinced of

this than Mr. Darwin. Only a short time before his death, in writing to Mr.
Komanes on a book that he had recently been reading, he said that the author

had made ^ a gigantic oversight in never considering plants
;
these would simplify

the problem for him.* This goes to the root of the matter. There is, in my
judgment, no fundamental biological problem which is not exhibited in a simpler

form by plants than animals. It is possible, however, that the distaste which
seems to exist amongst our biologists for physiological botany may be due in some
measure to the extremely physical point of view from which it has been cus-

tomary to treat it on the Continent. It is owing in great measure to the method
of Mr. Darwin’s own admirable researches that in this country we have been led

to a more excellent way. The work which has been lately done in England seems
to me full of the highest promise? Mr. Francis Darwin and Mr. Gardiner have
each in ditferent directions shown the entirely new point of view which may be
obtained by treating plant phenomena as the outcome of the functional activity of

protoplasm. I have not the least doubt that by pursuing this path English re-

search will not merely place vegetable physiology, which has hitherto been too

much under the influence of Lamarckism, on a more rational basis, but that it will

also sensibly react, as it has done often l^fore, on animal physiology.

There is no part of the field of physiological botany which has yielded results

of more interest and importance than that which relates to the action of ferments
and fermentation

;
and I could hardly give you a better illustration of the purely

biological method of treating it. I believe that these results, wonderful and fasci-

nating as they are, afford but a faint indication of the range of those that are still

to be accomplished. The subject is one of extreme intricacy, and it is not easy to

speak about it briefly. To begin with, it embodies two distinct groups ofphenomena
which have in reality very little which is essential in common.

What are usually called ferments are perhaps the most remarkable of all

chemical bodies, for they have the power of effecting very profound changes in

the chemical constitution of other substances, although they may be present in very
minute quantity

;
but—and this is their most singular and characteristic property

—

they themselves remain unchanged in the process. It may be said without hesitation

that the whole nutrition of both animals and plants depends on the action of fer-

ments. Organisms are incapable of using solid nutrient matter for the repair and
extension of their tissues

;
this must be first brought into a soluble form before it

can be made available, and this change is generally brought about b}"^ the action

of a ferment. Animal physiology has long been familiar with the part played by
ferments, and it may be said that no small part of the animal economy is made
up of organs required either for the manufacture of ferments or for the exposure of
ingested food to their action. It may seem strange at first sight to speak of
analogous processes taking place in plants. Dut it must be^'emembered that plant

nutrition includes two very distinct stages. Certain parts of plantsJt)uild up, as

everyone knows, from external inorganic materials suWances which are available

for the construction of new tissues. It might be supposed that these are used up
as fast as they are formed. But it is not so

;
the h/e of the plant is not a con-

tinuous balance of income and expenditure. On the contrary, besides the general

maintenance of its structure, the plant has to provide from time to time for enor-

mous resources to meet such exhausting demands as the renewal of foliage, the

production of flowers, and the subsequent maturing of fruit.

In such cases the plant has to draw on an accumulated store of solid food which
has rapidly to be converted into the soluble form in which alone it is capable of

passing through the tissues to the seat of consumption. And I do not doubt
for my part that in such cases ferments are brought into play of the same kind and
in the same way as in the animal economy. Take such a simple case as a potato

tuber. This is a mass49f cellular tissue, the cells of which are loaded with starch.

We may either dig^up the tuber and eat the starch ourselves or we may leave jt ii^
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the ground, in which case it will be consumed in providing material for the
growth of a potato-plant next year. But the processes by which the insoluble

starch is made available for nutrition are, 1 cannot doubt, closely similar in either

case.

When we inquire further about these mysterious and all-important bodies, the
answer we can give is extremely inadequate. It is very difficult to obtain them in

amount sufficient for analysis or in a state of purity. We know, however, that

they are closely allied to albuminoids and contain nitrogen in varying proportion.

Papain, which is a vegetable ferment derived from the fruit of the papaw, and
capable of digesting most animal albuminoids, is said to have the same ultimate

composition as the pancreatic ferment and as peptones, bodies closely allied to pro-

teids
;
the properties of all three bodies are, however, very different. It seems

clear, nevertheless, that ferments must be closely allied to proteids, and, like these

bodies, they are, no doubt, directly derived from protoplasm.

I need not remind you that, unlike other constituents ofplant tissues, protoplasm,

as a condition of its vitality, is in a constant state of molecular activity. The
maintenance of this activity involves the supply of energy, and this is partly

derived from the waste of its own substance. This ‘ self-decomposition ’ of the

protoplasm liberates energy, and in doing so gives rise to a number of more stable

bodies than protoplasm. Some of these are used up again in nutrition
;
others are

thrown aside and aie never drawn again into the inner circle of vital processes. In
the animal organism, where the strictest economy of bulk is a paramount neces-

sity, they are promptly got rid of by the process of excretion. In the vegetable

economy these residual products usually remain. And it is for this reason, I may
poiht out, that the study of the chemistry of plant-nutrition appears to me of such
immense importance. The record of chemical change is so much more carefully

preserved; and the probability of our being able to trace the course it has followed

is consequently far more likely to be attended with success.

This preservation in the plant of the residual by-products “of protoplasmic

activity no doubt accounts for the circumstance which otherwise is extremely

perplexing—the profusion of substances which we meet with in the vegetable king-

dom to which it is hard to attribute any useful purpose. It seems probable that

ferments, in a great many cases, belong to the same category. I imagine that it is

in some degree accidental that some of them have been made use of, and thus the

plant has been able to temporarily lock up accumulations of food to be drawn upon
in future phases of its life with the certainty that they would be availaole.

Without the ferments the key of the storehouse would bo lost irretrievably.

Plants, moreover, are now known to possess ferments, and the number will

doubtless increase to which it is difficult to attribute any useful function. Papain,

to which I have already alluded, abounds in the papaw
;
but it is not easy to

assign to it any definite function; still less is it easy, on teleological grounds,

to account for the rennet ferment contained in the fruits of an Indian plant,

Withania coagulans^ and admirably investigated by Mr. Sheridan Lea.

Having dwelt so far on the action of ferments, we may now turn to fermentation

and that other kind of change in organic matter called ^ putrefaction,’ which is

known to be closely allied to fermentation. Ferments and fermentation, as I have
already remarked, have very little to do with one another

;
and it would save

confusion and emphasise the fact if we ceased to speak of ferments but used some
of the alternative names which have been proposed for them, such as zymases or

enzymes.

The classical case of fermentation, which is the root of our whole knowledge
of the subject, is that of the conversion of sugar into alcohol. Its discovery has

everywhere accompanied the first stages of civilisation in the human race. Its

details are now taught in our text-book^
;
and I shou d hardly hope to 'be excused

for referring to it in any detail if it were not necessary for my purpose to draw
your attention more particularly to one or two points connected with it.

Let us trace what happens in a fermenting liquid. It Incomes turbid, it

froths and effervesces, the temperature sensibly increases ;
this is the first stage,

^fter this it begins to clear, the turbidity subsides as a sediiient
;
the sugar ''^ch
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the fluid at first contained has in great part disappeared, and a new ingredient,

alcohol, is found in its place.

It is just fifty years ago that the great Dutch biologist Schwann made a series

of investigations which incontrovertibly demonstrated that both fermentation and
putrefaction were due to the presence of minute organisms which live and propagate

at the expense of the liquids in which they produce as a result these extraordinary

changes. The labours of Pasteur have confirmed Schwann’s results, and—^what

could not have been foreseen—^have extended the possibilities of this field of investi-

gation to those disturbances in the vital phenomena of living organisms themselves

which we include under the name of * disease,’ and which, no one will dispute, are

matters of the deepest concern to every one of us.

Now, at first sight, the conversion of starch into sugar by means of diastase

seems strikingly analogous to the conversion of sugar into alcohol. It is for this

reason that the phenomena have been so long associated. But it is easy to show
that they are stiikingly diflerent. Diastase is a chemical subtance of obscure
composition it is true, but inert and destitute of any vital properties, nor is it

affected by the changes it induces. Yeast, on the other hand, wnich is the active

agent in' alcoholic fermentation, is a definite organism
;

it enormously increases

during the process, and it appears to me impossible to resist the conclusion that
fermentation is a necessary concomitant of the peculiar conditions of its life.

Let me give you ?, few facts which go to prove this. In the first place, you cannot
ferment a perfectly pure solution of sugar. The fermentible fluid must contain

saline and nitrogenous matters necessary for the nutrition of the yeast protoplasm.

In pure sugar t6e yeast starves. Next, Schwann found that known protoplasmic
poisons, by killing the yeast-cells, would prohibit fermentation. He found the same
result to hold good of putrefaction, and this is the basis of the whole theory of
antiseptics. Nor can the action of yeast be attributed to any ferment which the

yeast secretes. It is true that pure cane-sugar cannot be fermented, and that yeast

effects the inversion of this, as it is called, into glucose and Imvulose. It does this

by a ferment which can be extracted from it, and which is often present in plants.

But you can extract nothing from yeast which will do its peculiar work apart from
itseln Helmholtz made the crucial experiment of suspending a bladder full of
boiled grape-juice in a vat of fermenting must; it underwent no change; and
oven a film of blotting-paper has been found a sufficient obstacle to its action.

We are driven, then, necessarily to the conclusion that in the action of ‘ ferments ’

or zymases we have to do with a chemical

—

i.e. a purely physical process
;
while

in the case of yeast we encounter a purely i>hysiological one.

How, then, is this action to be explained ? Pasteur has laid stress on a fact

which had some time been known, that the production of alcohol from sugar is a
result of which yeast has not the monopoly. If ripening fruits, such as plums, are

kept in an atmosphere free from oxygen, B^rard found that they, too, exhibit this

remarkable transformation
;
their sugar is converted appreciably into alcohol. On

the other hand, Pasteur has shown that, if yeast is abundantly supplied with oxygen,
it feeds on the sugar of a fermentible fluid without producing alcohol. But, under
the ordinary circumstances of fermentation, its access to oxygen is practically cut

off
;
the yeast, then, is in exactly the same predicament as the fruit in B^rard’s ex-

periment. Sugar is broken up into carbon dioxide and alcohol in an amount far in

excess of the needs of mere nutrition. In this dissociation it can be shown that an
amount of energy is set free in the form of heat equal to about one-tenth of what
would be produced by the total combustion of an equivalent amount of grape-sugar.

If the protoplasm of the yeast could, with the aid of atmospheric oxygen, completely
decompose a unit of grape-sugar, it would get ten times as much energy in the

shape of heat as it could get by breaking it up into alcohol and carbon dioxide. It

follows, then, that to do the same amount oi growth in either case, it must break
up ten times as much sugar without a supply of oxygen as with it. And this

throws light on what has always been one of the most remarkable facts about fer-

mentation—the enomous amount of change which the yeast manages to effect in

proportion to its own development. •
.

^erc are still two points about yeast which deserve attention before we dismiss
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it. When a fermenting liquid comes to contain about 14 per cent, of alcohol, the
fwitivity of the yeast ceases, quite independently of whether the sugar is used up or
not. In other cases of fermentation the same inhibiting effect of the products of

' fermentation is met with. Thus lactic fermentation soon comes to an end unless

calcium carbonate or some similar substance be added, which removes the lactic

acid from the solution as fast as it is formed.
The other point is that in all fermentations, besides what may be termed the

primary products of the process, other bodies are produced. In the case of
alcoholic fermentation the primary bodies are alcohol and carbon dioxide

;
the

secondary, succinic acid and glycerine. Delpino has suggested that these last are

residual products derived from that portion of the fermentible matter which is

directly applied to the nutrition of the protoiilasm.

Yeast, itself the organism which effects the remarkable changes on which I

have dwelt, is somewhat of a probleni. It is clear that it is a fungus, the
germs of which must be ubiquitous in the^ atmosphere. It is difficult to believe

that the simple facts, which are all w^e know about it, constitute its entire life

history. It is probably a transitory stage of some more complicated organism.

I can only briefly refer to putrefaction. This is a far more complex process

than that which I have traced in the case of alcoholic fermentation. In that
nitrogen is absent, while it is an essential ingredient in albuminoids, which are the
substances which undergo putrefactive changes. Hut the general principles are

the same. Here, too, we owe to Schwann the demonstration of the fact that the
effective agents in the process are living organisms. If we put into a flask a
putrescible liquid such as broth, boil it for some time, and during the process of
boiling plug the mouth with some cotton-wool, we know that the broth will re-

main long unchanged, while if we remove the wool putrescence soon begins.

Tyndall has shown that, if we conduct the experiment on one of the high glaciers

of the Alps, the cotton-wool may be dispensed with. We may infer, then, that the
germs of the organisms which produce putrefaction are abundant in the lower
levels of the atmosphere and are absent from the higher. They are wafted about
by currents of air ; nut they are not imponderable, and in still air they gradually

subside. Dr. Lodge has shown that air is rapidly cleared of suspended dust by an
electric discharge, and this, no doubt, aflbrds a simple explanation of the popular
belief that thunderous weather is favourable to putrefactive changes.

Cohn believes that putrefaction is due to an organism called Bacterium Termo^
which plays in it the same part that yeast does in fermentation. This is probably
too simple a statement ; but the general phenomena are nevertheless similar.

There is the same breaking down of complex into simpler molecules
;
the same

evolution of gas, especially carbon dioxide
;
the same rise of temperature. The

more or less stable products of the process are infinitely more varied, and it is

difficult, if not impossible, to say, in the present state of our knowledge, whether in

most cases they are the direct outcome of the putrefactive process, or residual pro-

ducts of the protoplasmic activity of the organisms which induce it. Perhaps, on
the analogy of the higher plants, in which some of them also occur, we may attri-

bute to the latter category certain bodies closely resembling vegetable alkaloids

;

these are called ptomains, and are extremely poisonous. Besides such bodies,

bacteria undoubtedly generate true ferments and peculiar colouring matters. But
there are in most cases of putrefaction a profusion of other substances, which repre-

sent the various stages of the breaking up of the complex proteid molecule, and are

often themselves the outcome of subsidiary fermentations.

These results are of great interest from a scientific point of view. But their

importance at the present moment in the study of certain kinds of disease can

hardly be exaggerated. I have already mentioned Henle as having first found the

true clue to animal histology in the structure of plants. As early as 1840 the same
observer indicated the grounds for regarding contagious diseases as due to living

organisms. I will state his argument in the words of De Bary, whose ‘ Lectures

on Bacteria,’ the last work which we owe to his gifted ]jj[and, I can confidently

recommend to you as a luminous but critical discussion of a vast mass of difficult and
^conflicting literature.
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It was, of course, clear that contagion must be due to the communication of in-

fectious particles or contagia. These contagia, although at the time no one had seen
them, Henle pointed out, ‘have the power, possessed, as far as wo know, by living

creatures only, of growing under favourable conditions, and of multipljing at the
expense of some other substance than their own, and therefore of assimilating that

substance.’ llenle enforced his view by comparison with the theory of fermenta-
tion, which had then been promulgated by Schwann. But for many years his views
found no favour. Botanists, however, as in so many other cases, struck on the
right path, and from about the year 1860 steady progress, in which De Bary him-
self took a leading part, w^as made in showing that most of the diseases of plants

are due to parasitic infection. The reason of this success was obvious : the structure

of plants make them more accessible to research, and the invading parasites are

larger than animal contagia. On the animal side all real progress dates from about
ISOO, when Pasteur, having established Schwann’s theory of fermentation on an
impregnable basis, took up Ilenle’s theory of living contagia.

The only risk now is that we may get on too fast. To put the true theory of
any one contagious disease on as firm a basis as that of alcoholic fermentation is no
easy matter to accomplish. But I believe that this is, notwithstanding a flood of
facUe speculation and imperfect research, slowly being done.

There are two tracts in the body which are obviously accessible to such minute
organisms as bact 'ria, and favourable for their ’development. These are the ali-

mentary canal and the blood. In the case of the former there is evidence that

every one of us possesses quite a little flora of varied forms and species. They
seem for the most part, in health, to be comparatively innocuous

;
indeed, it is be-

lieved that they are ancillary to and aid digestion. But it is easy to see that other
kinds may be introduced, or those already present may be called into abnormal
activity, and fermentative processes may be set up of a very inconvenient kind.

These may result in mere digestive disorder, or in the production of some of those

poisonous derivatives of proteids of which 1 have spoken, the effect of which upon
the organism may be most disastrous.

The access of bacteria to the blood is a far more serious matter. They produce
phenomena the obvious analogy of which to fermentative processes has led to the
resulting diseases being called zymotic. Take, for example, the disease known as
‘ relapsing fever.’ This is contagious. After a period of incubation, violent fever

sets in, which lasts for something less than a week, is then followed by a period of
absence, to be again followed in succession by one or more similar attacks, which
ultimately cease. Now you will observe that the analogy to a fermentative process
is very close. The period of incubation is the necessary interval between the
introduction of the germ and its vegetative multiplication in sufficient numbers to

appreciably affect the total volume of the blood. The rise in temperature and the
limited duration of the attack are equally, as we have seen, characteristic of
fermentative processes, while the bodily exhaustion which always follows fever is

“the obvious result of the dissipation by the ferment organisms of nutritive matter
destined for the repair of tissue-waste. During the presence of this fever there

is present in the blood an organism, Spirochcete Ohermeieriy so named after its

discoverer. This disappears when the fever subsides. It is found that if other
individuals are inoculated with blood taken from patients during the fever attack,

the disease is communicated, but that this is not the case if the inoculation is made
during the wriod of freedom. The evidence then seems clear that this disease is

due to a definite organism. The interesting point, however, arises, why does the
fever recur, and why eventually cease ? The analogy of fermentation leads to the
hypothesis that, as in the case of yeast, the products of its action inhibit after a
time the further activity of the Spirochccte. The inhibiting substance is, no doubt,
eventually removed partially from the blood by its normal processes of depuration,

and the surviving individuals of Spirocficete can then continue their activity, as in

lactic fermentation. With regard to the final cessation of the disease, there are

facts which may lead ^e to suppose that in this as in other cases sufficient of the
inhibiting substance ultimately remains in the organism to protect it against any
further outbreak of activity on the part of the Spvrochate*
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Here we have an example of a disease which, though having a well-marked
zymotic character, is comparatively harmless. In Anthrax, which is known to be
due to Bacillus anthracis, we have one which is, on the contrary, extremely fatal.

I need not enter into the details. It is sufficient to say that there is reason to
believe that the Bacillus produces, as one of those by-products of protoplasmic
destruction to which I have already alluded, a most virulent poison. But the
remarkable thing is that this which can be cultivated externally to the
body, if kept at a heightened temperature, can be attenuated in its virulence.

It drops, in fact, the excretion of the poison. It is then found that, if injected

into the blood, it does no mischief, and, what is more extraordinary, if the Bacillus

in its most lethal form is subse<]^uently introduced, it too has lost its power. The
explanation of the immunity in this case is entirely different to that which was
suggested by a consideration of the facts of relapsing fever. The researches of
Metschnikotf have led to the hypothesis that in the present case the white blood-
corpuscles destroy the Bacillus. When theyifi vst come into contact with these in

their virulent form they are unable to touch them. But if they have been educated
by first having presented to them the attenuated form, they find no difficulty in

grappling with the malignant. This is a very remarkable view. I should not have
put it before you had there not been solid reasons for regarding the idea of the
education of protoplasm with scientific respect. The plasmodia of the rayxomy-
cetes, which consist of naked protoplasm, are known to become habituated to food
which they at first reject, and the researches of Beyerinck on the disease known as
* gumming’ in plants have apparently shown that healthy cells may be taught, as it

were, to produce a ferment which otherwise they would not excrete.

If Metschnikoff’s theory be true, we have a rational explanation of vaccination

and of preventive inoculation generally. It is probably, however, not the only
explanation. And the theory of the inhibitive action upon itself of the products of
the ferment-organism’s own activity is still being made the basis of experiment.

In fact, the most recent results point to the possibility of obtaining protection by
injecting into the blood substances artificially obtained entirely independent of the
organisms whose development they inhibit.

It is impossible for me to touch on these important matters at any greater length,

but I doubt if the theory of fermentation, as applied to the diseases of organisms,

has as yet more than opened its first page. It seems to me possible that, besides

the rational explanation of zymotic diseases, it may throw light on others where,
owing to abnormal conditions, the organism, as in the case of Bdrard’s plums, ia

itself the agent in its own fermentative processes.

And now I must conclude. I have led you, I am afraid, a too lengthy and
varied a journey in the field of botanical study. But to sum up my argument. I
believe I have shown you that at the bottom of every great branch of biological

inquiry it has never been possible to neglect the study of plants
;
nay, more, that

the study of plant-life has generally given the key to the true course of investiga-

tion. Whether you take the problems of geographical distribution, the most
obscure points in the theory of organic evolution, or the innermost secrets of vital

phenomena, whether in health or disease, not to consider plants is still, in the words
ofMr. Darwin, ‘ a gigantic oversight, for these would simplify the problem.’

The following Reports and Papers were read :

—

1, JRejport of the Committee for exploring the Flora of the Bahamas,
See Reports, p. 361.

2. Second Report of the Committee for taking steps for the estahlishment of

a Botanical Station at Peradeniyay Ceylon.— See Reports, p. 421.

3* Report of the Committee for eontinuiiuf the preparation of aR^ort on our

« present knowledge of the Flora of China ,—See Reports, p. 420.
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4. A Lily Disease. By Professor H. Marshall Ward, F.B.S4

6. On the Morphology of the Ditcher of Nepenthes.

By Professor Bower, F.L.S.

6. On Adelphotaxy : an undescrihed Form of Irritahility,

By Professor Marcus M. Hartog, D.Sc., M.A.

In AchlyOf a genus of Saprolegnieae, the zoospores lie in tlie sporange before

liberation closely appressed together, with their long axes paraUel, instead of
showing the rotatory hustling movements of other species. In liberation, instead

of separating and swimming off, each on its own account, they remain near the

mouth of the sporange, each in turn edging its way in between those that have
already escaped with its narrower fifagellate (anterior end inwards). They thus
form a holloAv sphere, each zoospore rotating round its long axis (radial to the

sphere) before encysting in its place. The only explanation that will fit these

phenomena is that these zoospores are endowed with a peculiar irritability in virtue

of which they tend to place themselves close together side by side, with their

long axes parallel. This irritability is only exerted at a short distance
;
for, if a

zoospore be pushed as little as its long diameter awa^, whether by accident or

design, it fails to find its place, but swims off to and fro, instead of rotating in situ,

before encysting.

In a critical review, now in the press, of a paper by Rothert, I have given the name
* addphotaxy ’ to this form of irritability, consisting in the tendency of sponta-

neously motile cells to assume definite positions with regard to theirfellows.

Leaving aside the kindred question of tissue-formation and the processes in the
embryo-sac of Phanerogams, adelphotaxy is of rare occurrence in the Vegetable
Kingdom. Two good instances occur in the Cliloropliytes. In Pediastrum the
contents of each cell of the flat disc break up into 16 (or 32) zoospores, which
swarm in the cell, and then unite edge to edge to form a new disc. So in each
cell of a Ilydrodictyon the many thousand zoospores unite end to end to form a new
network with hexagonal meshes.

In many of the Myxomycetes the plasniodia aggregate together before fructifi-

cation to form the compound masses termed scthalia
;
possibly even the very forma-

tion of plasmodia may be regarded as a mode of adelphotaxy.

We may perhaps go a step further and ascribe the parallel or converging courses
of Fungus hyphw to form mycelium strings, fruit bodies, and pseudo-parenchyma
as extreme cases of adelphotaxy.

I think this principle affords a ready explanation of many cases of cellular

aggregation in the animal embryo, and the formation of the spermatophores of many
animals, notably Limicolous Worms.

The relations of sexual and isogaraous union of gametes to adelphotaxy are
obvious

;
for, though in some cases of sexual union chemotaxy has been shown

by Pfeffer to be involved in bringing the active gamete from a distance, that will

not cover the actual fusion of the two cells.

Zoological Department.

1. Report of the Committee for reporting on the present state of our hnow-
l^ge of the Zoology and Botany of the West India Islands^ and taking
steps to invesMggde ascertained deficiencies in the Fauna and Flora .

—

See Reports, p. 437.
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Report of the Committee to arrange for the occupation of a Table at the
Zoological Station at Naples .—See Reports, p. 150.

3.

Report of the Committee for malcing arrangements for assisting the Marim
JBiological Association Laboratory at Plymouth.—See Reports, p. 94.

4.

Report of the Committee for continuing the Researches on Food^Fishes
at the St. Andrews Marine Laboratory. —See Reports, p. 141.

5.

Report of thie Committee on the Migration cf Birds .—See Reports, p. 146.

6. On the Irruption of Syrrliaptes paradoxus.
By Professor Newton, M.A.^ F.R.S.

The author began by observing that 25 years before, almost to a day, he had
made a communication with the very same title to the Section at Newcastle, and
had then been bold enough to anticipate a recurrence of the irruption of which he
then treated, a full account of which appeared in * The Ibis ’ for 1864. After

briefly pointing out the peculiarities of this singular form of bird, and tracing

what was known of its early history, especially of its appearance in Europe prior

to the first great irruption of 1863, he proceeded to notice the two small and less

known visitations of 1872 and 1876. In the former of these it had only been ob-

served in two localities—one on the coast of Northumberland, the other on that of

Ayrshire—in both cases in the month of June, though in neither was any specimen
procured. In the latter (1876) it was observed in three localities—one being near

Winterton, in Norfolk (in May), another near Modena, in Italy (in June), and the

third in the county Wicklow, in Ireland (in October). The irruption of the present

year had been on a scale at least as large as that of 1863, if not larger—certainly

the number of observations was greatly in excess. It had also taken place fully a

month earlier. From the information at present in I)is possession it had extended

further to the southward—in Italy to Orvieto, and in Spain (which country had
been for the first time reached) to the Albufera of Valencia

;
and to the westward

—

to Belmullet, in the county Mayo
;
but at present it seemed to have fallen short as

regards its northern limits, though very possibly time would prove that localities

quite as far towards the north as on the former occasions (the Nord Fjord, in Nor-
way, and the Faeroes) had been attained. The limits of all the irruptions from
1859 to 1888 were shown on a map, and in this way it was evident that the general

direction of all was practically identical. The discovery of the ^ radiant point
*

(which might be assumed to be beyond the Caspian Sea) was very desirable, and on
this matter the author hoped trustworthy information might be received from
Russian observers. With regard to the causes which had led to these extraordinary

movements, he wished to express himself cautiously
;
but their apparent regularity

inclined him to think that they were not due to any ^ convulsion of Nature,’ as

some persons supposed, but rather, as he had before suggested, to the natural over-

flow of a redundant population. When more complete information had been

obtained he hoped to treat this irruption at length in ‘ The Ibis ’ for the year 1889
in some such way as he had treated that of 1863.

7. Remarks on some Teleostean Ova^ and their Development.

By J. T. OuNNiNQHAM, R.A., F.R.S.E.

The ovum of Solea vulgaris has a diameter of 1*46 1*47 mm. Its 'peri-

vitelline space is small. There are a large number of very minute oil-globules

aggregated in irregular groups on the surface of the yolk, first mostly near the
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edge of the blastoderm, later chiefly at the sides of the embryo. There is a single

layer of separate vitelline masses, at iirst 'beneath the blastoderm, later forming a
superficial layer over the whole yolk.

Neither the Solea, sp. A, nor Solea, sp. B, of Raflaele (‘ Mitt. Zool. Stat. Neapel/
Bd. viii.) is the ovum of Solea vulgaris.

The ovum of Solea variegata has a diameter of 1*36 mm. The oil-globules are

separate and not united in groups, and they are larger than in Solea vtUgaris;

otherwise the ova of the two species are similar. No. 1 of Ralfaele’s ^specie

indeterminate ’ is probably the ovum of Solea variegata.

The ovum of Pleuronectes microcephalus has a diameter of T36 to 1*37 mm.
The yolk is perfectly homogeneous, the perivitelline space small. The larva, which
hatches in seven, eight, or nine days, has a multicolumnar notochord, the mouth
not open, the rectum in contact with the yolk. Ohromatophores, black«and yellow
in colour, are present over the sides of the body, in the median tin fold, and on the

surface of the yolk. t

The ovum of the mackerel is 1*22 mm. in diameter
;
the perivitelhne space is

small
;
the yolk has a single large oil-globule, which is at first movable, but after-

wards fixed beneath the posterior end of the embryo. Black chromatophores

develop on the body of the embryo and on the deeper surface of the oil-globule,

and others of a green colour behind the eye and on the side of the embryo above
the oil-globule.

It was suggested that there is a close connection between the presence of one
or more oil-globules in a pelagic ovum and the abundance of oil in the body of the

parent. The pilchard is oily, and its ovum has an oil-globule
;
the herring is less

oily, and its ovum is without that structure.

It was argued that the space round the heart is a part of the body cavity, con-

tinuous posteriorly with the lateral body cavities ; while the space between the

yolk-sac and the yolk, with which the heart is innpen communication, corresponds

to the vitelline veins in those Teleostean ova where the latter exist. This venous
space seems to be the segmentation cavity continued and remaining open through-

out development ;
at the same time the cavity has been altered morphologically

when the heart develops by the appearance of mesoblastic cells on the surface of
the periblast, these cells being the dendritic chromatophores on the surface of the

yolk visible in the living larva, but not to be traced in transverse sections. Thus
Ryder (‘ U.S. Fish Commissioners’ Report ’ for 1882) was wrong in calling the
space round the heart the pericardium, and the venous space both segmentation
cavity and body cavity

;
while Shipley (‘ Quart. Journ. Mic. Sci.’ 1887) gives an

account of the parts in Petromyzon which closely agrees with the above descrip-

tion of them in Teleostei, the diferences being that he found no mesoblastic cells

on the surface of the yolk in Petromyzon^ and found that the eoelem had not de-
veloped in the lateral mesoblast posterior to the heart at the time that it had
developed an anterior ventral portion around that organ.

FRIDAY, SEPTEMBER 7.

The following Papers were read :

—

Physiological Department.

1. On the Physiological Bearing of Waist-hells and Stays,

Py Professor Rot, M.D., P.R.&., and J. G. Adami, M,A,

In,the course of an investigation upon the work of the heart in health and in

disease, certain facts wc^e observed by the authors which throw not a little light

upon the physiological bearing of waist-belts and girdles. By means of an instru-

ment devised by them—a Oardiometer—^they have been enabled to register very
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accurately the changes of volume in, and the amount of blood propelled by, the
heart in a given time under varying conditio,ns. Experimenting upon the dog, they
found that even slight compression of the abdomen caused an increase in volume
of the heart, and that with this a greatly increased amount of blood passed through
the heart in a given time, the increase being often thirty or even forty per cent,

more in some cases. These phenomena can be explained without difficulty. The
abdominal vessels are capable of containing all, and more than all, the blood in the
organism. Slight compression of the abdomen will, without disturbing the arterial

supply, drive out from the abdominal veins and venous capillaries a large amount
of blood

;
and this blood so driven out will, as long as the compression continues,

be of use for the other regions of the body—for the brain, muscles, &c.

Now the functional activity of any organ depends directly upon its blood-supply.
With increase in the arterial blood-supply of any part, other things being equal, the
activity and power of work of that part increases. It is to bo noted further that
the abdominal walls in front and at the sides .e formed of soft, and more or less

elastic, tissues. In health pressure is, by means of the muscles contained in these
walls, exerted upon the abdominal contents, and can be therefore put upon the
abdominal veins and venous capillaries. This physiological compression of the
abdominal contents is rendered more powerful by the use of a waist-belt. Here,
then, we have an explanation of the extensive use of some form or other of
waist-belt by all nations who have passed beyond the stage of absolute bar-
barity.

The waist-belt is of use and has constantly been used in cases of sudden and
great exertion, and in those cases where, through want of tone of the abdominal
wall, it becomes necessary to counteract the tendency to a useless storing up of
blood in the abdomen

;
and, lastly, and most frequently, by those in perfect health,

by bringing more blood into the service of the brain and muscles to conduce to an
increase of mental and muscular activity. Thus, for instance, is to be explained,

on the first ground, the employment of tight belts by gymnasts and modern athletes.

This use has been recognised from the earliest times. Thus in 2 Kings xviii.

46 (and elsewhere), where Elijah is said to ^ gird up his loins,’ the word for

girding up is, we are informed by Professor Robertson Smith, best rendered ybr^iVer
constrinxit—tightly constricted. Similarly the Greek expression for an active

man— well-girt—arose from a like conception. The Romans had a cor-

responding phrase, and eventually among all these nations—as among the Arabs
of the present day—a loose girdle or belt when in public places was looked upon
as a sign of want of vigour, and, indeed, of dissolute habits.

If the history of girdle-wearing by women be inquired into it will be found
that the women of ancient Egypt, Greece, Rome, and indeed of all the more or

less civilised races, employed habitually one or two, or even three, girdles placed
higher up or lower down on the body (not necessarily worn simultaneously).

We are therefore brought to conclude that among women some form of waist-

belt has been found advantageous. The modern corset is an article of apparel

which may be said to be evolved from two separate belts— the waist-belt proper

and the band over the lower ribs, the aTp6(f)iovoi the Greeks, employed to preserve

the figure. These in the course of time have become combined, and now are worn
not only by the well-to-do, but by the poorest in every European country.

Moderate constriction does no harm
;
extreme constriction is not only absurd but

dangerous, inasmuch as instead of promoting exercise and activity it does the

reverse, and, while causing pressure upon the veins, affects the arteries also, and
disturbs the blood-supply of the abdomen and lower extremities as well. The
pressure upon the abdomen should be capable of alteration according to circum-

stances, and i^hould be slight after ineals, when digestion is going forward and a

full abdominal circulation is required.

The authors are emphatically not advocates of tight-lacing, nor is their paper

written in order to urge the universal use of belts and stays. Their desire nas

been to point out that the widely-spread habit of wearing so?he form or other of

waist-band, which may almost be termed an instinct, has a physiolo^cal basis, and
is rrtt of purely msthetic origin

;
and, further, that there are periods at which,

1888. z z
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witliin certain limits, rightly constructed abdominal bands are of use, and are not

an abuse. They have not touched upon the pathology of abdominal constriction,

this subject not being in the scope of their paper.

Zoological Department.

1. Some Memarlcs on the Instincts of Solitary Wasps and Bees.

By Sir John Lubbock, Bart.y F.B.S.

2. Bestoration o/Brontops Robustns, /ront the Miocene of America,
By Professor 0. C. Marsh, Fh.D., LL.D.

The largest mammals of the American IMiocene were the huge BrontotheridcSf

which lived in great numbers on the eastern flanks of the llocky Mountains, and
were entombed in the fresh-water lakes of that region. They were larger than the
Binocerata of the Eocene, and nearly equalled in size the existing elephant. They
constitute a distinct family of perissodactyles, and were more nearly allied to the

rhinoceros than to any other living forms.

The deposits in which their remains are found have been called by the author
the Brontotherium beds. They form a well-marked horizon at the bash of the
Miocene. These deposits are several hundred feet in thickness, and may be
separated into different subdivisions, each marked by distinct genera or species of
these gigantic mammals.

The author has made extensive explorations of these Miocene lake-basins, and
has secured the remains of several hundred individuals of the Brontotherida:, wliich

will be fully described in a monograph, now well advanced towards completion, to

be published by the United States Geological Survey. The atlas of sixty litho-

graphic plates is already printed, and the author submitted a copy to the Section,

The last plate of this volume is devoted to a restoration of Brontops robustust one-
seventh natural size, and a diagram enlarged from this plate to natural size was
also exhibited.

The skeleton represented in this restoration is by far the most complete of any
of the group yet discovered. It was found by the author in Dakota in 1874, and
portions of it have been exhumed at different times since, some of the feet bones
having been recovered during the past year. It is a typical example of the family,

and shows well the characteristic features of the genus and species which it

represents.

The most strildng feature of the restoration here given, aside from the great

size of the animal, is the skull. This is surmounted in front by a pair of massive
prominences, or horn-cores, w^hich are situated naainly on the frontal bones. The
nasals contribute somewhat to their base, in front, and the maxillaries support the
outer face. These elevations, or horn-cores, vary much in size and shape in the
different genera and species. They are always very small in the females.

The general form of the skull and lower jaw is well shown in the figure. The
prominent occipital crest, the widely expanded zygomatic arches, and the projecting
angle of the lower jaw are all characteristic features. In general shape the skull

resembles that of Broi^otherium, but may be readily distinguished from it by the
dental formula, which is as follows:

—

Incisors | ;
canines J :

premolars | ;
molars f

.

» i

The presence of four premolars in each ramus of the lower jaw is a distinctive

feature in this genus. This character, with the single well-developed lower incisor,

marks both the knotfm species.

The number of teeth varies in the different genera. The form of the teeth,

^specially in the molar series, is more like that in Chalicotherium and Diplawdon
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than in any other known forms. The teeth in the allied genua Brontotherium
have already been figured and described by the author.

The vertebrae are somewhat similar to those of the existing rhinoceros. In the
present genus, BrontopSf the neural spines of the dorsal vertebrae are elevated and
massive. There are four sacral vertebrie in this genus, and in the known species

the taij is short and slender, as in the individual here described.

The ribs are strong and massive. The sternal bones are compressed transversely.

The exact form of the first one is not known with certainty, and is here restored

from the rhinoceros. This is the only important point left undetermined in the
restoration.

The fore limbs are especially robust. The humerus has its tuberosities and
ridges ve^ strongly developed, and the radius and ulna have their axes nearly
parallel. There are four well-developed digivS in the manus, the first being entirely

wanting.
The pelvis is very wide, and transversely expanded, as in the elephant. The

femur is long, and has the third trochanter rudimentary. The* tibia and fibula are
quite short. The calcaneum’is very long, and the astragalus is grooved above.
There are only three digits in the pes, the first and lifth having entirely

disappeared.

Diplacodon of the Upper Eocene is clearly an immediate ancestor of the
BrontotheridtSf while Paheosyops and Limnohym of the Middle Eocene are on the
more remote ancestral line. The nearest related European form is the Miocene
Chalicotheriwn. No descendants of the Brontotheridce are known.

MenoduSf Megacerops, Brontotherium
j
Symborodon^ Menops, Titanops, and AUopa

all belong to the family Brontotheridref and their relation to the genus here
described, and to each other, will be fully discussed in the monograph to which
reference has already been made.

3. Seredity in Gats with an extra Number of Toes.

By E. B. PouLTON, M.A,

4. On the Nature of the Geological Terrain as an important factor in the

Geographical Distribution of Animals. By Hans Gadow, M.A.j Ph.D.

The observations concern the geographical distribution of all the species of
Amphibia and Reptiles in the Iberian Peninsula, with special reference to Portugal.

The number of different species amounts to 38, whilst the localities from which
these species are recorded number about 800.

The method adopted—with a view of finding out a possible interdependence

between geological terrain and occurrence of species—was the following: The
various species and localities were arranged in five groups, which latter represent

' the most typical sorts of terrain in the Peninsula, viz. : Palaeozoic
;
granite and

other igneous rocks
;
new red sandstone

;
mesozoic limestones, including the

cretaceous deposits
;
and, lastly, tertiary terrain, the latter being overlaid with sandy

soil chiefly.

The proportionate areas of these five classes of terrain were given in percentage

of the area of the whole country.

The most reliable conclusions could be drawn from Portugal, since this country

hod been extensively visited by the author on four different occasions. The follow-

ing conclusions refer to Portugal only; it may, however, be especially stated

that these results agree closely with those drawn from the whole peninsula. The
distribution of the Reptiles exhibits features different from that oAhe Amphibia.

Concerning Amphibian Life.—The most favourable terrain is that of red sand-

stone ;
then follows granitic terrain, then tertiary, palasozoic, and lastly mesozoic

limestone. Granitic terrain is more than six times more favour^le than palseozoic,

and three times more favourable than tertiary terrain. Linmstone is as a rule

almost detrimental. Palaeozoic terrain is about seven times 4t ss favourable ihan
red bhhdstone, and not half so good as tertiary terrain.

t z 2
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Concei'ning Reptilian Life .—By far the best terrain is that of red sandstone

;

then follows mesozoic limestone, granite, tertiary, and lastly palaeozoic terrain.

Granite is more than two times better than palaeozoic, nearly equal to Jurassic and
cretaceous, and slightly better than tertiary terrain. Palaeozoic terrain is many
times less favourable than that of red sandstone and nearly three times worse than

Jurassic and cretaceous grounds.
,

The effect of the nature of the various sorts of terrain upon the whole flora and
the healthiness of the country is remarkable.

An interesting fact is also this, that most of the snakes which frequent the

sterile Jurassic and palaeozoic rocks are lizard-eaters, whilst the two species of

Tropidonotus are nearly absent.

It was found that altitude, annual mean temperature, or the annual amount
of rainfall by far less influence the distribution of Reptiles and Amphibia in the

peninsula than the nature of the soil. High and long granitic ranges of mountains

may in many cases afford no obstacle to the spreading of certain creatures, whilst

other terrain, like limestone—although perhaps forming low and narrow tracts

only—may act as a most effective barrier. •

In conclusion, the wish is expressed that similar data, referring to other countries,

may be forthcoming to enable us to verify and to correct the conclusions made in

this paper. Fo^ the present they cannot be anything but suggestions, which, how-
ever, may, with more material to work wdth, prove capable of wider application.

5. On the Natural History of Ghristmas Island*

JBy J. J. Lister, JIf.A., F.Z.8.

Her Majesty’s surveying vessel * Egeria ’ reached Christmas Island on Friday,

September 30, 1887.

In the distance the sides of the island were seen to rise moderately steeply, and
a shallow saddle in the middle ended in two low, rounded elevations, one of which
was the summit, near the western end. On nearer approach the whole island was
seen to be uniformly covered with bush, except where the bare face of a line of
inland cliffs appeared. The general physical features of the island are treated of in

Captain Aldricii’s report.* The greatest length is 12 statute miles. It rises from
deep sea. Soundings of over 1,000 fathoms were obtained at five points round the

island, all within four miles of shore. Its volcanic origin is proved by the presence

of lumps of * compact olivine basalt and basalt tuff’ at the foot of a cliff, and of a
bed of ' altered volcanic stones ’ near the summit.'* No volcanic rock was, however,
found in situ. The surface formation of the parts of the island explored is lime-

stone. This rock forms the summit, 1,195 feet above the sea, and covers the sides,

broadening out at successive elevations into terraces which rise one above another

on the sides of the island. The rock is traversed by vertical fissures which isolate

tall pinnacles often 12 or 20 feet in height. The surface is weathered into

irregular hollows and sharp projecting points. From the base of the lowest inland
cliff a gradual slope leads to the sea, terminating in a shore cliff from 16 to 60
feet in height. This has a vertical face and is much underworn by the waves.
In some places, where the aides slope less steeply into deep water, beds of live

coral are seen.

The geological history of the island appears to be shortly as follows. The
summit of a submarine volcanic mass has been slowly elevated above the sea to a
height of nearly 1,200 feet, and, as it has passed through the zone of lime-forming

organisms in shallow water, these have invested it with a cap of limestone. The
upheaval has been arrested at intervals and allowed the formation of reefs which
have since been elevated and form the terraces on the sides. At the projecting-

headlands, where the chief stress of the ocean currents fell, the reefs have grown
less than in the intervals between them, and since their eleval;ion the action of the

* Report on Christmas Island (Indian Ocean), H.M.S. ‘ Egeria.’ 1887. Captain
P. Aldrich, R.N. * Loo. oit. p. 16.
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waves has been greatest at these points
;
hence we find that at the headlands the

terraced slopes are replaced by a single abrupt descent.
Captain Wharton points out that the raised reefs forming the summit of

Christmas Island are the hif?hest that are known in the world.
No sign of any stream was seen. The rain sinks at once into the porous lime-

stone rock and reaches the sea by underground channels. Widely-spread littoral

plants fringe the shores, JSibiscus tileaceusy Toumefortia argenteay and Sctevola
kosnigii being abundant. Within the line of shore plants the high bush begins.
Many of the trees attain 200 feet in height. Several kinds ofepiphytes were found,
among which a new species of Hoya was conspicuous.

The following vertebrate animals were observed (those ma^rked with an
asterisk are peculiar to the island) :—

MAMMALS.
•Pteropus natalis. (Thomas.)
A small insectivorous Bat (not obtained), Sorex (sp.)

*Mus macleari. (Thomas.)
*Mus, u. sp,

BIRDS
•Merula erythropleura. (Sharpe.)

*Zosterops, n. sp.

•Collocalia, n. sp.

*Carpoi)haga whartoni. (Sharpe.)
•Chalcophaps, n. sp.

*Urospizias, n. sp.

*Ninox, n. sp.

Totanus hypoglottis. (Linn.)

Charadrius geoffroyi. (Wagler.)
Ardea jugularis. (Forster.)

Sula, 2 sp.

Fregeta aquila. (Linn.)

Phaethon flavirostris. (Brandt.)

Phaethon phoenicurus. (Gm.)

REPTILES.
Lizards.

•Lygosoma nativitatis. (Blgr.)

•Ablepharus, n. sp.

Gymnodactylus marmoratus. (Kuhl.)

•Gecko, n. sp.

Snakes,

•Typhlops exocoeti. (Blgr.)

Turtles.

Chelonia virgata.

No Amphibia were found.

Eleven kinds of Molluscs are known, seven of which were discovered during the

visit of the * Egeria.’ Five out of the eleven have been found by Mr. E. A. Smith

to be peculiar .to the island.

The examination of the insects has not yet been completed.

JBitsffus latro (Linn.)—The large land crab was very abundant.

Though the collections are, from the shortness of the visit, necessarily imperfect,

the following conclusions as to the nature of the Christmas Island fauna appear to

be justified. ^

First Its poverty. Situated 190 miles from the nearest part of the rich Malay

Archipelago, it contains, as far as is at present known, only five kinds of Mammals,
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seven of land birds, four of lizards, and. one snake. This seems to show that the

island has been stocked by what may be called accidental means.
Secondly—Its peculiarity. Of the mammals, three out of the five are certainly

peculiar, as are all the land oirds^ though some approach their allies on the archi-

pelago very closely, and four out of the five reptiles. A considerable though not so
nigh a degree of peculiarity has been found among the invertebrate forms.

Thirdly—As to the afiinities. What conclusions are to be drawn as* to the

affinities of the fauna and flora when viewed as a whole cannot be certainly

determined until the examination is complete. The birds, however, appear to be
allied to those of the Austro-Malay region.

SATURDAY, SEPTEMBER 8.

The Section did not meet.

^ MONDAY, SEPTEMBER 10.

The following Reports- and Papers were read :

—

1.

Report of the Committee for aiding in the maintenance of the establish^

ment of a Marine Biological Station at Granton^ Scotland .—See
Reports, p. 319.

2.

Report of the Committee on the Development of the Oviduct in certain

fresh-water Teleostei.—See Reports, p. 338.

3.

On certain Adaptations for the Nutrition of Embryos.
By F. W. Olivek.

4. On the Development of the Bulb in Laminaria bulbosa.^

By C. A. Barber.

A brief description was given of a mature plant. In such a plant three parts
are distinguishable. The bulb

;
the stalk, upon whose modifications special stress

was laid; and the lamina. The bulb is merely a part of the stalk curiously altered.

After a short historical summary, the development of the bulb was described in detail.

It arises as a ridge upon the stalk below the lamina : this ridge grows outwards
and forms a shelf-like process, which very soon curves downwards all around. A
bell-shaped organ is thus formed from whose edges numerous hapteres are developed

;

after these hapteres have appeared, successive circles of these processes are developed
in ascending order upon the expanding hollow bulb. A few points were noticed in the
histology of the plant. The epidermis seems to be the only region in which active
cell-division takes place. Increase in size in all parts, even at the ridge, seems to
be largely dependent on increase in size of the ceils. Increase in thickness is also
dependent on the great thickening of the walls of the cells. This occurs especially
in the elongated cells of the central strand of tissue. From these latter are sent
out numerous protrusions into their thick mucilaginous walls. The protrusiona^thus
formed penetrate in all directions, and form tne so-called * hyphal tissue.’ The
formation of new cells by budding seems to take place in a somewhat different
form in the cortical Cells of the older stalk. The epidermal cells usually appear to

* Published in full in Annals ofBotany. *
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cont-ain one nucleus : in other cells usually several* nuclei appear : in the larger
ones as many as thirty or forty may frequently be counted. In some of the inner
cells of the cortex each nucleus is surrounded by a crowd of chromatophores.

There appears to be an absence of hyphal tissue in the stalk below the ridge.
The cells of the hapteres are parenchymatous

;
they are of two kinds, larger and

emallercells alternatmg in such a manner that the larger cells appear to be surrounded
and s^arated by the smaller. There is in the hapteres no strand of conducting
tissue ; in this respect the hapteres resemble those of Podostemacese. Numerous
multicellular root-hairs are developed from the part of the haptere in contact with
the . substratum. This is due to the outgrowth of epidermal ce^ls. The formation
of sporangia takes place in exactly the same way

j
and these bodies occur on the

inside as well as the outside of the hollow bulb.

The difference between L. bvlbosa and allied species is seen as well in the
formation of the bulb and stalk as in the position of the sporangia. The shedding
of the lamina does not appear to bo recorded for L, bulbosa.

The differentiation of the stalk is primarily due to the necessity of supporting
the huge lamina. The cylindrical stalk of young specimens points to the descent
of the species from a form more nearly allied to that of other Laminarias, where
the stalk is still rounded. It is not easy to assign a definite reason for the
departure of the stalk from its cylindrical form.

There are in this species a great amount of morphological difierentiatidn and
complicated attempts at adaptation. There does not appear to be the same amount
of histological differentiation. It has not been possible to examine old specimens;
but, so far as material extends, no zones of secondary thickening have been met with,

neither have any mucilage-ducts been observed : the development of sieye-hyph»
is not at all well marked. Finally, the huge size of the cells and their numerous
nuclei, and the increase in size by the growth of cells rather than their division, seem
to point to a low stage of histological differentiation.

5. On Pachytheca, a Silurian Alga of doubtful Affinities}

By C. A. Barber.

Bachytheca was described by Sir J. B. Hooker in 1853, and has, since then,

received the attention of many eminent botanists. Two excellent slides have been

obtained, and Sir Joseph Hooker requested the author to make drawings and
descriptions for publication in the * Annals of Botany,’ offering himself to write a
general historical and descriptive introduction. The historical portion was read

before the Association by the permission of Sir Joseph Hooker, and the author then

made a few remarks on the structure exhibited in the two slides.

There are three zones in the specimens. An outer cortical portion of radiating

filaments
;
a central portion, consisting of a clear matrix, penetrated in different

directions by filaments
;
and a zone of spherical bodies separating the cortex from

the central part.

In the cortex the radiating filaments are divided by transverse walls
;
there-

fore the Alga does not belong to the Siphoneae. On the transverse walls are freely

developed the callus-like thickenings or ^stoppers’ found in Oscillaria^ NostoCj &c.,

and characteristic of the Floride®. The filaments branch in a few cases, and the

branching is similar to that of Cladophora : this removes the Alga from the group

Oyanophycero.
^

*

In the centre the filaments are also divided by transverse walls. The stoppers

and the branching have not yet been observed.
^

In tracing the filaments from the cortex, they uWlly appear to pass between

the spherical bodies ;
and in one case they appear to arise by branching from

one of the spherical bodies. In tracing the filaments from the centre, they appear

to enter the spaces between the spherical bodies, and to pass between the bars

which are present in these interspaces. ^
The large spherical bodies are of dubious nature. In one of the sections, which

' Published in full in AnnoZf
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seems to pass through the spherical pl|pt at some distance from its centre, there

appear to be three or four rows of spherical bodies
;
and these are separated by

well-defined interspaces of irregular form. This seems to indicate that the spherical

bodies are not merely the interspaces between the radiating filaments. In the

same section certain of the spherical bodies send out protrusions towards the

cortex, thus becoming flask-shaped. In the other section, which appears to be cut

through the centre of the plant, there is only one circle of these bodies. !Chey

have a well-defined inner wall, but appear to taper outwards towards the cortex.

Between any two spherical bodies there are bars stretching across the intervening

space, reminding one of the bars of Caulerpaf or such as are formed between the

larger cells of Furcellaria. In one case there seems to be a connection between the

spherical bodies and the radiating filaments : usually these filaments appear to pass

between the spherical bodies.

Having regard to the facts mentioned, there seems to be no theory which can
be accepted. More specimens must be obtained showing structure.

There are several possible explanations. The central and radiating filaments

may or may not be continuous. The spherical bodies may be true cells, or they
may be the interspaces between the filaments. If the central filaments are not con-
tinuous with the cortical, the former are probably parasitic. There may finally be
present such a body as one of the segments of Cymopoliay the central part being
penetrated by a parasitic alga.

6. On the FlanUremains discovered hy Mr. W. M. Flinders Petrie in the

Cemetery of Hawara^ Lower Egypt} By Percy E. Newberry.

The author called attention to the importance of this discovery to botanical

science, and briefly reviewed the species of plants determined by him among the
ancient remains. The condition which these plants were still in was wonderful,
for, although they had lain eighteen or twenty centuries in the earth, the author
had succeeded in preparing, by placing the remains in cold or warm water, a series

of specimens which were as satisfactory for the purposes of science as any gathered
at the present day. He had examined these plant-remains, but had been unable
to detect, except in two or three instances, any peculiarities in the plants from the
graves which were absent in the existing species. The author exhibited a series

of specimens to illustrate his paper.

The following is a list of the ancient Egyptian plants found by Mr. W. M.
Flinders IVtrio in the cemetery of Ilawara, Lower Egypt. Those marked with
an asterisk have before been authenticated by specimens from the ancient tombs.

Nymph(Ba ccBi'ulea^ Sav.*
Nelumbium speciosum^ Willd,
Matthiola librator^ L.
Zilla myagraides

^

Forsk.
Lychnis coeli-rosa, L.

TamaHx nilotica^ Ehrenb.
Hibiscus, sp. ?

Elaocarpus serratus, L.
Linum humile, Mill.*

JBalsamodendron myrrha, Nees (Resi
Vitis vinifera, L.*
Vitis vinifera, L., v. corinthiac^, L.
Medicago denticulata, L.*

Trifolium alexandrinum, L.

Cicer arietinum, L.
Vicia Faba, L.*
Lens esculenta, Moench.
Pisum sativum, L.

Pisum arvense, ^

* Ihiblished in extenso in Mr. W. M. Flinders Petrie’s Harvara (Field & Tuer, Londoxl).

Acacia arabica, Willd.*
Posa sancta, llichars.

Tyrus domestica, L.
Prunus persica, Bth. and Hook.
Myrtus communis, L.
Lawsonia inermis, L.*
Punica granatum, L.*
Epilobium hirsutum, L.*
Cucumis sativus, L.

i). Lagenaria vulgaris, L.*
Galium tricorne, With.
Voriandrum sativum, L.*
Torilis infesta, h.

Chrysanthemum coronarium, L.*
Centaurea depressa, M. Bieb.*

Gnaphalium luteo-album, L.
Mimusops Schimperi, Hochst.*
Olea europea, L.*

‘ Olea europea, L., v. nuhica, Scbwnf.



TRANSACTIONS OF SECTION D. 713

C&t'dta Myxttf L.

Styrax Benzoin^ Dry. (Resin).
Cuscuta arabicay L.

, Solanum Bvlcamaray L.
Origanum Marjoranay L.
Celosia argenteuy L.
Bumex dmtaiusy L.*
Laurus nobilis, L.

Ficus sycomortuiy L.*
Juglans regiay L.
Juniperus phccniday L,*

» IHnus PineUy L.*
Narcissus tazetta, L.
Phoenix dactylifera, L.*
Nyphcene thebaicay Mart.*
Cyp&rus papyrus

y

L.*
Scirpus maritimuSy t.
Imperata cylindrictty L.
Saccharum egyptiacum, Willd.
Avena strigosa, Schreb.
Triticum vulgare, L.*
Hordeum vudgarcy L.*

7 . Abnormal Ferns^ Hybrids, and their Parents}
By E. J. Lowe, F.li.S.y avd Colonel Jones. '

It is not intended by anything said in this paper that the exertion of others in

the same field shall be ignored
;
the authors only wish to record their personal

experience, the labour of a number of years.

More than thirty years ago experiments were commenced, and twenty-one
years ago a paper was read b}-- Mr. Low'e, * On Hybrid Ferns,’ at the Dundee
meeting of the British Association. The subject was at that time in its infancy,

and none of the botanists there present, with the exception of the late Professor
Balfour, thoroughly believed in these crosses. The late Mr. Clapham, who had
given the subject careful investigation for some years, only became convinced by
seeing a series of examples in 1879 of crosses of Athyriums, in which were spores

of the varieties Victorias and Proteoides, which series was taken to the British

Association at Sheflield.

About fifteen year-ago the endeavour w’as made to cross Polystichum aculea-

turn with Polystichum angularcy and when the seedlings had become mature
(seven years afterwards) it was at all events apparent to one of the authors that

this cross had been accomplished, but only in five examples out of a thousand
seedlings. The object was to obtain a narrow cruciate variety of Polystichum
aculeatum, a copy in Polystichum aculeatum of the narrow cruciate variety

"Wakeleyanum of Polystichum angulare, for as yet this was a desideratum.

Polystichum angulare, var. VVakeleyauum, was sown together with a dense
fronded variety of Polystichum * aculeatum ’ known as ^densuin.’ In 1884 speci-

mens and a short paper were sent to the Linnean Society, but even this was not
sufficient to remove the doubts of botanists ; but a year later a letter from Sir

Jos^h Hooker stated that the crossing of ferns was then an acknowledged fact.

This hybrid, with its parents, together with the offspring of the hybrid, have
been exhibited at the Bath Floral Fete amongst other specimens of botanical

interest to Section D.
Colonel Jones, who is joint author with Mr. Lowe, has had (though starting

a little later) great experience in the crossing of ferns, and has obtained coincident

results. The instances of crossing have now accumulated to such an extent a»

to preclude the possibility of any further doubt on the subject.

To produce these results, however, great care is necessary that the germination

of the spores should be very general and also simultaneous.

The clear proof of the reality of the crossing of varieties lies in the fact of the

production of plants, either bearing a character intermediate between those of the*

plants sown, or combining the two characters.

A remarkable fact in connection with these crosses being the frequent trans-

ference of the character by one variety to another, this even applies to variegation.

It will be seen in the example of the cruciate hybrid of Polystichuin aculeatum
that it is a marked copy of the cruciate form of Polystichum angulare, one of the

parents selected with the 'object of obtaining a cruciate l^olystichum aculeatum.

Iz^stead of the usual gradual process, the form was obtained at once. This appliea

* This paper is to be published in extenso in Annals of Botany, with illustrations.
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equally in the case of the polydactylous forms of Polystichum angulare, and in

the variegated forms of Scolopendrium vulgare.

As' examples there have been selected experiments made with varieties of
Athyriums, ^olopendriums, and Polystichums. Several hundred examples might
have been shown, but a few of each is ample illustration.

Example 1.—Athyrium,

The following varieties were sown together ; Victoriae, multifidum, Jonesii,

Oraigii, uncum, Harrisie, cruciatum, Proteoides, tortile, reflexum, laciniatum, and
grammicon. The result has been several hundred intermediate forms, some very
interesting.

Example 2.—Scolopendrium,

In this experiment the varieties were : Crispum (rarely fertile), Victorias, muri-
catum, marginatum, undulatum, digitatum, ramo-cristatum, laceratum, and a
variegated crispum. The result has bebn various intermediate forms, a number of
which are variegated

;
for instance, the variegation in the crispum has passed into

a crested form, the colour and not the shape being altered.

Example 3.—Polystichum,

The attempt was made to so transfer the polydactylous character of certain

forms of Polystichum angulare to other forms of Polystichum angular^, which,
though preserving the normal outline and distinct individuality, were not poly-

dactylous.

The forms used were Mr. Padley’s polydactylous form from the vale of Avoca,
and Colondl Jones’s Hampshire form. The polydactylous character has now been
successfully transferred to the forms known as decompositum, acutilobum, divisi-

lobum, frondosum, alatum, lineare, cbngestum, insequale-vauegatum, and others.

The polydactylous character of Polystichum angulare has also been transferred to

Polystichum aculeatum.

There are now four clearly established cases in which the characters of distinct

forms of Polystichum angulare have been transferred to Polystichum aculeatum.

Hitherto the varieties of Polystichum aculeatum have been very few, so that now
a new field for exertion is open, the results of which it is difficult to over-estimate,

for the robust constitution of Polystichum aculeatum enables it to thrive in
climates in which Polystichum angidare would soon perish.

The interest in the varieties of British ferns ought to increase now the crossing

of varieties has become an acknowledged fact, not only on account of the extreme
beauty of many of the crosses already effected, but also that, however beautiful,

it may be confidently asserted that these are as nothing to what will be accom-
plished when exhaustive experiments, guided by tasteful and judicious selection,

shall have been made. Though much will depend on such selection, there will

always be enough left to the element of chance to keep up the interest.

The prospect of these endless combinations may be likened to the combinations
in bell-ringing, where the changes in the ringing of twelve bells amount to

40 millions. The immense field of inquiry that can be opened up in these in-

vestigations can scarcely be conceived. The number of forms to be obtained

is past all conception, and, like as the discovery of one truth is the stepping-stone

to the discovery of even greater truths, so every new form that is raised enables

the raiser, or those following in his footsteps, to produce countless other combina-
tions.

8 . Preliminary Note on the Functions and Homologies of the Contractile •

Vamole in Plants and Animals, By Professor Mabcus M. Habtoo,
J),Sc., M,A,

Through the practicsr of regarding botany and zoology as essentially distinct

studies, the solution of many an interesting problem in the one domtun is long
missed, because the known facts that affbra a clue when properly applied have
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been worked out only in the other, and are contained in records never likely to be
consulted in reference to the given problem. Thus, the ‘ contractile vacuole ’ is an
organ that exists in both kingdoms : the question of protoplasmic vacuolation, of
which this is a particular case, has only been really studied by the vegetable physio-
logist

;
and yet in the minute plant-cells which possess this organ it is too small for

the study of the mechanism of its work : this study has been successfully carried
ou^by zoologists on the larger Ciliata andHeliozoa, in ignorance, however, of the
known facts that explained the reason of its working. Thus the botanists had
forged a kejr of the right pattern, but too big to open the locks in their own
domain, while fitting that of which the zoologists had described the wards and
tumblers. In this preliminary publication I snail only put the key into the lock,
reserving original observations for a complete paper.

I. Distribution.—One or more contractile vacuoles occur in all naked plant
zoospores, with scarcely a recorded exception, whether mastigopod or myxopod,
whether Algal, Fungal (Saprolegniese, Peronosporese, Chytridiese), or Myxomycete.
They occur in all fresh-water Protozoa when in the active state, though not when
dhcysted

;
they are, however, absent from those that live in the perivisceral fluid or

blood of living hosts from the Radiolaria, and possibly other marine forms.

II. Position and Mechanism.—^They are vacuoles in the protoplasm, usually
peripheral

;
they contract to disappearance at regular intervals

;
in favourable cases

(Actinosphserium, many Ciliata) they are seen on contraction to discharge their

contents into the water. In a few cases they are known to be reservoirs filled

gradually by the almost continuous influx from plasmatic canals, which are invisible

&om this very reason, only starting into sight normally during the momentary
pause when, owing to the contraction of the vacuole, their liquid contents have
time to accumulate and distend them.

Now, if a specimen of sufficient size, say a Paramoecium, be placed under
certain unfavourable conditions (among which is deficiency of oxygen), we find

that the contractile vacuoles contract less perfectly and at longer intervals
;
the

plasmatic canals become persistently visible and enlarged
j
the whole animal be-

comes dropsical
;

its thin cuticle bursts, and its protoplasm, no longer protected

by the * Hautschicht ’ and cuticle, and exposed directly to the water, disintegrates

into ^ diffluence.’

Again, if a vegetable cell be wounded in water and its protoplasm passes out,

it rounds off and surrounds itself with a Hautschicht,* then vacuoles appear inside;

these enlarge enormously and finally burst
;
the protoplasm so exposed without a

Hautschicht to the water disintegrates into diffluence, just like the Ciliate whose
contractile vacuole works inefficiently. This pathological vacuolation and diffluence

do not occur if to the water there be added a sufficiency of sugar, saltpetre, glyce-

rine, or other innocuous osmotic substance
;
and when the protoplasm has the power

of excreting a complete cellulose wall, as in Vaucheria, the incipient vacuolation is

arrested on the formation of the wall.

The explanation of both series of facts is the same, as worked out by a series of

botanists from Von Mohl to De Vries :

—

Protoplasm contains in its interstices substances of high osmotic value ;
its

outer layer at least, while freely pervious to water, is slightly if at all pervious to

these substances even in solution. Hence, when protoplasm is immersed in water,

cavities or vacuoles form in its substance containing solutions of these substance,

which continue to enlarge by attraction of water from without ; the enlargement

produces a tension which DeVries and others have by various methods determined

to be at least 3 atmospheres, and which may reach 15 atmospheres. Now, naked

protoplasm has very little toughness, it yields readily to the increasing tension and

to the expansion of the vacuole, and finally bursts and disintegrates. On the other

hand, cellulose and chitinous cyst-walls are sufficiently tough to resist ; and equi-

librium is attained when, after a certain amount of stretching, the elasticity of the

wall balances the tension of the vacuoles due to osmosis.

If, however, in the absence of a tough wall, the vacimle, instead of extending

indefinitely and bursting irregularly, (a) opens by a minute pore, (b) contracts

' regularly as it expels its contents, (c) closes up simultafiec usly with tlie completioii
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of their expulsion, no part of the inner protoplasm is exposed directly to the water

;

and we have a mechanism which expels regularly the plasmatic juice or cell-sap

when over-diluted and over-abundant, and which prevents the destruction of the

protoplasm hy bursting and diffluence. This is the mechanism of the contractile

vacuole, which is thus a physiological necessity to the naked cell living in water
like the kidney is to the multicellular animal organism.

I will add one unpublished observation to the well-known facts here brought
together. Two sporanges of Saprolegnia opened at an early stage of the partial

segregation of the protoplasm into masses. Part of the protoplasm in each slowly

escaped and aggregated into rounded masses. The first discharged masses under-
went the usual pathological changes and dilHuence

;
the later masses (from both

sporangia) had already acquired the power of forming contractile vacuoles pos-

sessed Dy the zoospores
;
the numerous small vacuoles appeared and contracted

regularly, lines of separation formed and deepened, and the masses divided into

zoospores which separated and swarmed, just like the protoplasm which remained
in the sporange, though more slowly. This observation seems to afford a crucial

lest of the truth of the thesis that the contractile vacuole has the function of pre-

venting excessive vacuolation and diffluence of naked cells in water.

The following is a brief summary of the points on which the above thesis

rests :

—

1. All naked protoplasmic bodies living in fresh water have at least one con-
tractile vacuole.

2. The possession of this is quite independent of the systematic position of the

organism.

3. The vacuole loses its contractility on the formation of a strong cell-wall or

cyst and may even disappear.

4. It is absent from Gregarinida and Opalinia, and the Itadiolaria which
inhabit saline liquids.

5. When, owing to morbid conditions, the efficiency of the contractile vacuole
is impaired, excessive vacuolation and diffluence ensue.

6. Conversely, as soon as contractUe vacuoles appear the tendency to excessive

vacuolation and diffluence is arrested.

It may be suggested that the perforations of the nephridial cells in Verniies and
embryonic moUusks, and of the epiblastic ^land-cells of Vermes and Arthropods,
are due to the persistence of the contractile vacuole, the opening of which has
become permanent, while its contractility has been superseded in the kidneys at
least by other arrangements. Even the goblet-cells of mucous epithelia may
possibly be traced to this origin.

9. On the Contrivances for the Seed Protection and Distribution^ in,

Blumenbachia Hieronymi, Urban. By W. Gaediner.

Zoological Department.

1. On Locusts in Cyprus. By S. Brown,

The author gave a brief description of the habits of the common Cyprus locusts

{StauronotiLs croctatus) and of the system which has been successfully employed
for their destruction in Cyprus. These insects have from time immemorial been
the scourge of the island, and as, under Turkish rule, little was done to keep them
down, their ravages formed probably the chief agency in reducing what was once a
fertile and flouriwing island to a condition of comparative desolation. Successful

efforts were, however, mack/ by the Turkish Government from 1862 to 1870 for the
• destruction of the locusts, and in the latter year the island was so far rid of them
that for some time no injury was sustained by the crops. £bt the Government
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relaxed its exertions and the locusts again bred and mi}ltiplied, until, by the time of
the British occupation in 1878, they had so increased as to cause -anxiety for the
future. Acting under local advice, the Government attempted to keep them down
by collecting and destroying their eggs. This operation was continued for three
years on a vast scale, involving a heavy outlay, but without success, for, although
this method was attempted on a scale almost without precedent, the locusts con-
tinued to increase with alarming rapidity, until in 1882 they,swarmed throughout
the plains, and in spite of various attempts to destroy them the damage sustained

by crops was very great, and probably did not fall short of 80,000/., or from 15 to

20 per cent, of the value of the crops on the infested area.

In 1883 and 1884 operations against the locusts were limited exclusively to

attacking them in the crawling stage by the apparatus known as the Cyprus system
of screens. These were formed of canvas and were stretched across the line of
march, so that the onward progress of the locusts was arrested, and they were then
diverted into pits carefully trapped, from which there was no escape. By the opera-
tions of these two years the power of the* locusts was so effectually destroyed that

no damage whatever has been sustained by the crops during the past five years

;

and although it is still necessary to watch the locusts and prevent their increase,

this is now done at a comparatively small annual outlay—and their numbers have
so steadily decreased year by year as to warrant the hope of their final extermi-

nation.

In submitting this paper to the Association the author was influenced by the

hope that some of its members might be able to throw light on problems which
(although they have received from him considerable attention) he has been unable

hitherto to solve in a definite and satisfactory manner. The chief of these are :

—

1. The rate of increase and the number of eggs deposited by different varieties

of locusts.

2. How is it that some varieties possess the migratory instinct in an eminent

degree, while others closely allied in outward form appear to be altogether devoid

of it ?

3. What are the laws that determine the direction of the march or flight of

migratory locusts ?

2, On the Fauna of the Firth of Clyde. By W. E. Hoyle, M.A.

3. On a Beep-sea Tow Net. By W. E. Hoyle, M.A.

4.

On some Points in the Natural History of the Coral Fungia.
By J. J. Lister, M.A.^ F.Z.8.

The coral fungia is abundant in shallow water on the reefs of the island of

Mah5 in the Seychelles Islands. Many examples of the fixed stocks were obtained.

These show the disc in all stages of growth, from the young stocks with six primary

septa coDspiciSus, to the stage in which separation of the disc takes place by ab-

sorption in a plane which is situated where the stalk is beginning to widen out into

the disc.

The disc, when set free, has a scar on its under surface, exposing a section of the

thecal wall, septa, trabeculre and the soft tissues investing them. Calcareous

matter is subsequently deposited over this, obliterating the scar.

A similar section is exposed on the summit of the stalk. From this a new disc

is formed by growth of the septa and other structures. An early stage was ob-

tained in which delicate fluted laminae had been formed on the edges of the septa

just projecting above the scar surface. These grow higher and higher and a new
thectil wall is built up just within the margin of the thecal wall of the stalk, and
thus a new disc is produced. This again is set free, vdien it is fully formed, at a

plane above that at which the first disc was separated
^
end the repetition of the

' process gives rise to the jointed appearance of the stalk.
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In many stocks the soft tissues invest the exterior of the stalk down to its base.

The fully-grown discs were producing free swimming larvae during the month
of March.

6. On the JBchinodermata of the Sea of Bengal.

By Professor P. Jeffrey Bell, M.A., Sec. B.M.8. w

I am able to make an addition of some interest to the report on the Echinoderms

of Ceylon which I communicated to the British Association in 1886. Collections

of groat interest have been made at Mergiii by Dr. John Anderson, F.R.S., and
at his instigation at the Andamans, while Mr. E. Thurston, Superintendent of the

Madras Museum, has lately made a rather large collection at Tuticorin. If we add

to the species collected at these stations those which have been noted by others, we
find that the whole number of species found in the Bay of Bengal is 149. This is a

considerable advance on the 6fty-one imecimens which, three years ago, I reported

from Ceylon. The additions have not Ml, of course, been made since then, but the

more important are due to the collections of Anderson, the Sarasins, and Thurston.

If we compare the lists of forms with those given in the ^ Alert Report,' we find

much to support the view there held, that there is in the Indo-Pacific area an
intertropical Echinoderm fauna. Within the Bay of Bengal it is not possible to

show that this doctrine is erroneous, but an examination of the Persian Gulf would
aftbrd an excellent test, and it is much to be wished that such an examination

might be made. It may be confidently predicted that some interesting examples of

the modification of common Indo-Pacific species would be discovered therein. •

TUESDAY, SEPTEMBEU 11.

The following Papers and Reports were read-:

—

1. Discussion on Coral Beefs.

hlr. W. T. Thiselton-Dter, President of the Biological Section, said :—We
have met this morning in conjunction with our colleagues from the Geological

Section to consider a question which at the present moment is very deeply

attracting the interest not merely of biologists but of geologists—the vexed question

which has been raised with respect to the origin of coral islands and coral reefs.

One of the earliest researches of the late Mr. Darwin was a memoir upon the
origin of these islands, and in it he was disposed to attribute them in great

measure to the subsidence of the land upon which they were ultimately formed.

I will not anticipate the statement of the reader of the paper as to the points of

difference between Mr. Darwin’s views and those which are now held, but it was
in consequence of the explorations of H.M.S. * Challenger ’ that a series of facts

were brought before the scientific world which in some degree made it extremely

probable that Mr. Darwin’s views did not form the only explanaticwto which these

curious phenomena are susceptible. A very distinguished individual has thought

fit to bring before the scientific world the preposterous assertion that we are

leagued together in a conspiracy of silence with the object of suppressing the

progress of scientific truth. I cannot pretend that that assertion has influenced us

in holding this discussion to-day. It so happens that we have the presence of two
distinguished scientific men who have had opportunities of examining these

questions for themselves; they will state their views, and you will judge for

yourselves in which direction you are inclined to think the ultimate solution of the

problem may be found. At any rate I think I may claim that our minds are

absolutely open, and that we attribute no weight to the . authority of tradition,

however eminent. The <only thing we really want to know is what is the

conclusion that commends itself to our minds with the greatest probability, and
which is based on the largest number of ascertained facts.
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Dr. Sydney J. Hickson, who was then called upon to read his paper on
* Theories of Coral Reefs and Atolls,’ said before commencing his paper that he
held it to be the duty of the opener of a discussion such as this first of all to
explain the phenomena about which discussion was to take place and then state

as impartially as possible the different views held to explain the phenomena. The
object of the discussion was, if possible, to arrive at the truth, and not to run any
particular theory. Thus he would endeavour to state as impartially as possible

the different views which had been put forward to explain the presence of atolls

and barrier reefs, and, although he could not help indicating in his opening remarks
the view which he was inclined to hold himself, he would endeavour to postpone
the reasons for his prejudice in favour of that view to a subsequent part of the

discussion. lie hoped none of the gentlemen who followed him would consider

that his mind was so prejudiced that they would not be able to convince him that

he was wrong in the view he took. Mr. Hickson then proceeded to read his

paper, the principal points in which were illustrated by maps and diagrams.

At the close of Dr. Hickson’s paper th6 President said they would all agree

with him that they must tender their hearty thanks to Dr. Hickson for his very
admirable address. If he found any fault with it, it would be that in relation to

their conference it had been of a too judicial and well-balanced character, that he
had rather taken the sting out of anything like an animated controversy. They
must admire the fair way in which Dr. Hickson had brought forward the arguments
for and against in this controversy. It would be difficult to attack him, for he had
avoided controversial matter by presenting both sides in a very fair manner. For
his own part, being a botanist, and knowing very little indeed about coral islands,

his mind was perfectly open in the matter. If he might venture to throw out a
suggestion with regard to the arguments of future speakers, he might say he was
struck with tlie anxiety of those who attacked Mr. Darwin’s views, whilst asserting

that no considerable amount of subsidence of the earth’s crust had taken place, to

go very largely into the correlative action, as it seemed to him, of elevation. If

they admitted tliat portions of the earth’s crust had been elevated 500 or 600 feet,

it appeared to him that other portions of the earth might be correspondingly

depressed. The President then invited discussion.

Professor Boyd Dawkins said he thought they were particularly fortunate that

morning in having that subject brought before the two Sections which were so

closely connected as Sections C and D, for if on the one hand Section D had to deal

with the history of life on the earth at the present time, Section C had to regard
those changes which were revealed in the history of the earth by the study of the
various forms which had lived. And the question of coral reefs might be said to

stand absolutely on the frontiers which divide the province of Section C from that

of Section D. He certainly felt that the Chairman had, to a very large extent, by
his remarks, anticipated one of those points which certainly had, to his mind, very
great force in this matter. It certainly seemed to him, as a student of the history

of the earth, that it was wholly impossible for them to allow that any great move-
ments of elevation could have taken place in a given area without acknowledging
the correlative movements of depression

;
and when they knew that there were large

portions of the Pacific and some other oceans which undoubtedly bore evidences

of elevation, it seemed, in the very nature of things, that there must be some traces

of subsidence. It was quite impossible for him to imagine that the one operation

should go on without the other, and as a matter of fact from their geological

record they must look upon the surface of the earth as being in a continual

state of movement up and down, and the state of the ocean as a stable, even,

and regular level. lie thought the discussion would direct their attention to

the rival merits of the two theories—that which was started by Mr. Darwin
more than fifty years ago, and which was known as the subsidence ^eory ; and
the other theory which had been placed before them, which he might term the

minus-subsidence theory. It seemed to him that the latter was not capable of

being entirely ignored. As he took it, corals would liv^ on whatever they could

find to perch themselves upon and develop coral reefs within the limits of coral

^owth, and if the centre of the land is depressed, in the nature of things, corals
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will grow moro on the outside than on the inside, for the reasons advanced in

the address which had opened the discussion. He failed to grasp that there was
any antagonism whatever between the two views. The points raised in the open-

ing address were, for the most part, points which had been proved over and over

again by the series of observations made by[ Professor Agassiz and recently pub-
lished. He failed to see that the minus-subsidence theory was really applicable to

the formation of all coral reefs, and he observed the care with which the gentleman

who had brought the subject before them that morning had stated that atolls and
barrier reefs might he made without subsidence. Of course they might. And he

felt sure that if Mr. Darwin were there that day he would have been amongst
the first to realise that the theory which he sketched out was capable of modifica-

tion by the advance of knowledge and the extension of research. Such then was
the main point which occurred to him to bring before them in that discussion. He
felt that he wa^ unable to impart into 'it any matters of controversial interest.

And he doubted whether Mr. Murray would venture to assert that there were no
reefs which had been formed on the Darwinian hypothesis, and he felt sure none of

his disciples would be rash enough to say that all these observations made during

the last few years could be said not to modify the views held so many years ago.

There was, however, one other point he would like to mention. He felt equally

with Professor Hickson the difficulty of accounting for the existence of atolls b^
what hQ might call t.^ie carbonic-acid or erosion theory. So far as he understood this

theory, it largely depended upon the amount of coral in the water and upon the

area upon which the attack was made. In the case of atolls, so far as he knew, most
of them were without any of those scourings which would allow of material being

carried away in solution by the action of carbonic acid. Of course the action

might go on to a considerable extent, the action was going on incessantly, so that in

place of having large, thick masses of perfectly recognisable coral you find masses of

limestone scarcely to be distinguished for the most part from some of those reefs.

Mr. BouuiirB followed with a paper, in which he upheld the arguments of Mr,
Hickson.

Dr. Evans said he was present as a member of Section 0, and not as one who had
paid anj particular regard to the formation of coral reefs. He came there for

instruction, and he had received it, and the general result was that, whether land
was rising or falling—and they as geologists know that a see-saw action was
going on in different parts of the world—they knew it was possible for these coral

reefs at all events to be formed. Where there was a supply of food, there the
corals would thrive, and where there was a single nucleus there would bo a gradual
extension in all directions. The difficulty had been to account for the ring-shape
of the atolls, and there had been little brought forward that day to satisfactorily

account for that phenomenon. It might be doubted whether they were able to
account for the action of the carbonic acid in the water

; but they had been told
that all the reefs were exposed to that action. To his mind this was due to another
and different cause which had not been brouf^ht before them, viz., to the rainfall

in the districts in which these coral islands and atolls are situated. He thought
he was right in stating that, as a rule, water- more or less fresh waste be found at a
certain depth in almost all the islands. That water must have come from the
surface in the shape of rain, liain falling on vegetable matter would become
charged with carbonic acid and would dissolve the rock on which it fell. He
thought they might fairly assume that the continual process of fresh water falling

upon the coral and finding its way out into the sea in a different condition, being
charged with carbonate of lime, would account for the rottenness of the centre of
the islands and the formation of lagoons within them. That was an element
which he thought should not be left out, and as it had not been cited in the
discussion hp thought it but ri^ht to bring it before them.

The Chaibman said that from a botanical point of view he rather distrusted *

anjjr general theory that coral islands were of no great antiquity. The botanical
evidence, so far as it weni, did not very strongly support Mr. Bourne’s argument.

Professor Seelbt observed that, when Dr. Hichson laid before them his clear
statement of the views held with regard to coral reefs, he opened with expressing
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a hope that he should convert them to his own views before he had finished, and
when he (Professor Seeley) turned to the end of the address he found that Dr. Hick-
eon’s own view was that he was an adherent of the views of Dr. Murray. If it was
possible for the subject to have been stated in so impartial a tnanner as it appeared

. to have been by Dr. Hickson, and for Dr. Hickson to be an adherent of the views
of Dr. Murray, he (Professor Seeley) would like Dr. Hickson, in his reply, to lay

befofe them the evidence which so weighed with liim as to convince him of the truth

of Dr. Murray's views rather than the views of Mr. Darwin. When he remembered
the circumstances under whicli Mr. Darwin commenced the study of coral reefs ho
found there was one very remarkable determining influence whicli gave Mr. Darwin
very exceptional opportunities for forming views upon this subject. Mr. Darwin told

them that he had been spending the previous autumn in North Wales, studying
the processes of the upheaval and depression of the earth, and he had told them how on
touching upon every shore he found records of the changes in progress all over the

surface of the globe. Therefore when he came to study the problems of the distribu-

tion of life on the surface of the tarth at the present time he was not attacking any
problem which had previously engaged his attention, butjudging whether they were
true. And the conclusion he arrived at was that there was no link wanting in the
evidence to unite the past methods of bringing coral reefs into existence and those
which govern their distribution at the present day. The great merit, as it seemed
to those who, like himself, had been occupied in expounding the views of Mr.
Darwin was that as new knowledge had come before them from various researches

they had learnt prophecies of the upheaval of fringing reefs which were unknown
in detail to Mr. Darwin

;
and as Semper made known his views they learnt that

there was an object of exceptional modification to the views which Mr. Darwin put
forward, which were in no way antagonistic to those views but were a fitting

illustration of the general truth of the views of Mr. Darwin—truth which admitted
of exceptional conditions of modification where the requisite conditions were pre-

sent. When these views came to be stated again, appealing to mankind, they said

boldly, ^ We do not regard this as a novelty or revelation, or as a new basis of
science to be honoured.* And why P Because it did not do for them what Mr.
Darwin’s view had done—given us the method of research and connected with the

past geology of the earth the phenomena ofthe present day. All we could see in these

views were exceptional conditions of coral growth, which could be harmonised with
the views which Mr. Darwin had already formulated. When the objection is

raised that Mr. Darwin had not fully stated this and various facts brought before

«s with the view of contesting what is, perhaps, found in popular text-books as an
exposition of the views of Mr. Darwin, it was very much like fighting a shadow
and views which were in existence long before the views which Mr. Murray
brought before them. It is stated that ho coral reef is known which is more than
ad fathoms in thickness. Probably no geologist knew of any reef of more than
that thickness, and he knew the conditions of the growth of coral were not favour-

able to extreme thickness, for it was battered up by the waves and the fragments

scattered about, so that the continuity of coral growth upwards was hindered.

Therefore under these and various other circumstances which come under practi-

cal observation in the study of the geological structure of our country and make
us acquainted with the different distribution of coral reefs he failed to see anything

in the arguments brought before them at present whicli would lead them to see in

the new views brought forward by Mr. Murray evidence which would lead them
to overthrow those given by Mr. Darwin.

.
'

. .

Mr. Habmeb observed that Professor Hickson in criticising the origin of

lagoons assumed that the rim of the coral would grow more actively than the

centre. Was that really the case ? They could understand that the rim of the

atoll would cut off supplies of food, and if there were any great differences notice-

able in submerged atolls they could understand that the outside conditions of

gi’owth were more favourable than those on the inside. If, however, they had a
perfectly flat table-land would there be |my difference—woJfld not the Coral in the

centre be able to get as much oxygen and food as that at the edge P The opponents

of Mr. Darwin were ready to admit any amount of elevation, whilst they w'ere not

18S8. 3 A
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ready to believe in subsidence. These opponents of Mr. Darwin’s views were
bound to bring forward cases in which atolls were formed in connection with cases

of elevation. It was necessary for them to show that elevation had taken place in

cases where atolls had been formed. The President of Section C had pointed out

that elevation must be compensated for by subsidence. Was it not a lact that in

a volcanic district elevation often took the form of isolated peaks on which coral

work could commence, and that these would be diffused over a larger area and only

affect the deep sea, so that it would not so much affect the growth of coral as the

elevation which gives rise to the formation of these peaks ?

Dr. Mill said they must all very much regret tne absence of Mr. Murray and
Dr. Guppy, the latter of whom was on his way to Christmas Island. He only

desired to express on Mr. Murray’s behalf the gratification which he was sure he
would have felt had he been present to see how fully it was understood by the
members of both Sections that his theory was not really antagonistic to Mr,
Darwin’s, but simply pointed out facts observed by himself and others. Mr. ,

Murray’s theory of coral islands was only part oft^a much wider theory which was
formulated by the researches of the * Challenger.’ Mr. Murray referred more
particularly to the action of life and to the* action of sea-water in dissolving

carbonate of lime, t.e., dead carbonate of lime. The observations of the ‘ Chal-
lenger ’ and other vessels in deep sea tended to show that in the greatest depths of

oceans there w .s no carbonate of lime, but instead of that there was a red clay.

The water, however, contained more carbonate of lime in solution than that

in any other part of the oceanic area. This suggested to Mr. Murray that the
organisms in falling towards the bottom had their shells gradually dissolved by
their passage to the deep sea. In shallower depths the organisms fall more or less.

These banks are formed more readily in shallow water. Mr. Murray supposea
that the coral is not the only worker, and he prefers to call these islands organic

islands. Dr. Guppy found an upheaval bed closely resembling the red clay upon
which the coral was growing. One question which was really of importance was,
* Is it possible that there is sufficient carbonate of lime to supply these great coral

deposits ? ’ That matter was being tested by a series of laboratory experiments, and
this research was somewhat difficult to carry out. It is being tested by means of
feeding a number of hens with food containing no carbonate of lime. On testing

the shells of the eggs it has been found that they have in them more carbonate of

lime than they have received, which shows that other processes are able to produce
carbonate of lime.

Mr. PouLTON wished to know whether there was no explanation that would
destroy, as a means of argument, the theory that volcanic action was necessary to
areas of elevation. He noticed that no data had been given as to the relative

thickness of coral. He also wanted to know whether, if these movements of
the earth going up and down went on, it were not possible for an atoll to be
formed and then upheaved—whether atolls might not be formed by depression
and afterwards elevated. Dr. Hickson had pointed out that small atolls probably
arose from small peaks and then grew outwards. Mr. Bourne had pointed out that
they would grow in the direction of the currents by which food would be conveyed
to them, and that they rested on very small bases. The question was whether
this would be really and physically po^ible.

The Pmisident said he was afraid that the time had come when they must
bring this interesting discussion to a close. They would, he thought, agree, from
the speeches they had heard, that scientific men as a whole did not show any
marked disposition to plead one another’s views. The fact was that the
condition of mind which scientific men exhibited was the best guarantee for the
gradual evolution of truth. They were charged by the Duke of Argyll with
having entered into a conspiracy of silence; but he appealed to those present that
morning and asked them whether they could see a shadow of ground for the
making of such an accusation.

Dr. Hickson obse^ed that as the time was so late he would endeavour to
make his concluding remarks as short as possible. Mr. Poulton had asked if

volcanoes were always found on areas of elevation. That question was really
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rather difficult to answer. As far as they knew, volcanoes were only found on
areas of elevation, but they might be found on areas of subsidence; but, as
Darwin had pointed out, the evidence of the subsidence sank beneath the
sea and out of sight. In regions he had investigated the land* was slowly
but certainly being elevated. As to the thickness of the limestone there was
a very great thickness below the- upraised reefs, but upod that point they I'e-

quirdd further information. Mr. Poulton had alluded to the explanation he gave
about the formation of the reefe. The difficulty they had to contend with was
that in addition to atolls they found coral islands without the centre lagoon. In
the second place they must suppose that in some cases the reef had come to the
surface as a solid rock and gi’adually grown outwards where the submarine peak
is larger and in the submarine table-lands when the reef before it reaches the sur-

face has the form of an atoll. Mr. Ilarmer had asked if it was probable that the
corals would grow more rapidly and letter upon the rim of a submarine table-land

than in the centre. The evidence which Mr. FJourne had brought forward tended
“to show that where there was a rush of Mvater corals would grow much more
favourably. In the Tizard Bank and the banks in the China seas the rims were
to be found covered with a luxuriant growth of coral, and in the centre there was
none. Regarding Professor Seeley’s remarks he (Dr. Hickson) was sorry if he
did not make himself quite clear in his opening words. He did not intend to say
that he hoped he should convert anyone to his views, and he believed he said dis-

tinctly that his object would be to elicit the truth, and that, although he could not
help his own views being evident, he did not wish to try to convert anybody to

them. He protested against Professor Seeley’s suggestion that he had only given
them the text-book ideas of Darwin’s theory. He had carefully considered the
subject from every source, and he had given what he thought a fair statement in

a short time of Mr. Darwin’s views. Professor Seeley also said that the new views
did not seem to give the connection between the geological evidence of coral reefs

and the processes actually going on. He maintained that the new views did this,

wmlst Darwin’s views did not. Mr. Darwin most distinctly stated that coral reefs

only grew on coral peaks, and here we now have examples to the contrary which
are consistent with Mr. Murray’s theory and not with the Darwinian. The sug-

gestion which Dr. Evans had made respecting the action of rain-water was very

valuable. In reference to the remarks made by the President of Section 0, he
would observe that his reason for suggesting this discussion was because Darwin’s
most eminent pupils would not admit that coral reefs had been formed in any
other way than that suggested by Darwin. His most eminent disciple distinctly

stated in his reply to Mr. Murray’s views that the Darwinian theory remained
true of all these atolls—in other words, that where you find an atoll and barrier

reef you have ipsofacto a proof of subsidence. It seemed to him that recent re-

searches tended to show that the presence of the two did not form proof of sub-

sidence. They might have been formed by subsidence, but they might also have
been formed in another way. It was because Mr. Darwin’s eminent pupil would
not concede the point which Mr. Dawkins did that he asked for this discussion.

There were two points on which Mr. Darwin was wrong, first, in supposing that

all the atolls and barrier reefs were formed by subsidence and in that way only

;

and thus the map which he gave showing areas of elevation and depression

would need modification. He did not mean to say that they would need to wipe

out all the blue and substitute red, but there were certain parts marked blue which

must be in future marked red. The second point was that coral reefs do not only

grow upon volcanic peaks, but that they may grow upon foraminiferous shells.

2. Second Beport of the Committee on the Physiology of the Lymphatic
System.—Soe Reports, p. 363.

3. Contributions to the Anatomy of the Tuhificidoe.

By F. E. Beddard, M.A., F.Z.S.
3 A 2
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4. On the Flora of Madagascar. By the Rov. R. Baron.

The London Missionary Society, in whose service the author is engaged in the

island of Madagascar, encourages its missionaries, by a distinct clause in its Regula-
tions, to take up some special study as a relaxation from the' usual routine of mis-

sionary life. He has been led, for various reasons, to give a portion of his time to

the study of botany, and gives this morning a brief abstract of a somewhat
lengthy paper on the flora of Madagascar, which he has compiled from numerous
notes and observations made during several years past.

He need not here enter into detail in regard to the size and physical structure of

Madagascar. Suffice it to say that the island is nearly four times the size of
England and Wales. The great mountain-chain of the country, which in its

highest point reaches to about 8,500 feet, runs in a longitudinal direction probably
for 700 or 800 miles, but is much nearer to the east than to the west coast. The
eastern half of the island, speaking roughly, consists of crystalline schists, specially

gneiss invaded by granitic and basaltic bosses and masses, with numerous recently
extinct volcanoes. These schists possess all the characters of Archaean rocks, and
probably are such for the most part, though it is not unlikely that they are com-
mingled with highly metamorphosed Cambrian or other palaeozoic rocks. The
western half of the island seems to be composed mainly of secondary and Tertiary

rocks, and chieflj those of the Jurassic, Cretaceous, and Eocene systems.

A considerable part of the island is covered by primeval forest. On the
eastern side there is a forest which extends probably 800 miles from north to south
almost, if not entirely, without a break, and which, according to some, is continued
round the island in a complete or almost complete ring, a statement which I

imagine requires verification. In the western part of the island there are un-
doubtedly extensive forests running in a northerly and southerly direction, but
how far these are continuous is not yet known. The forest in the eastern part of

the island is probably from 60 to 80 miles wide in its greatest breadth, and
occupies fully two-fifths, if not one half, of the total eastern area. If we take iflto

account the whole of the island, probably about one-eighth part of it is covered
with trees.

It is grievous to relate, however, that the forests of Madagascdr are being de-
stroyed in the most ruthless and wholesale manner by the natives. Every year
thousands of acres of country are cleared, the trees being burned to the ground,
and that for no other purpose than to provide ashes as manure for a mere handful
or two of beans or a few cobs ofIndian com. The author once came across a passage
which had been cut through the forest for a long distance for no other purpose than
to allow space for the dragging of a tombstone which had been quarried in the
neighbourhood. To make this road no fewer than about 25,000 trees had been cut
down! Again, in getting planks for building purposes from the forests, there is

most extravagant waste of timber. A tree is felled, and the native woodmen, not
having saws, set to work with their hatchets on each side of it until the timber is

reduced to the required thickness, and thus each tree, however large, supplies but
a single plank. It is truly lamentable to see how, in these and other ways, the
Malagasy forests, containing, as they do, valuable timber, are being consigned to
destruction.

There are now known in Madagascar about 8,440 species of flowering plants, so

that it may probably be said that the great bulk of the plants found in the island

has been discovered. Of these so large a proportion as four-fifths or probably
more are endemic. The list below shows the number of species in the Orders most
largely represented, and their percentage of the total flora.

If we include the ferns, they would stand second on the list with a percentage
of 8*4.

The author has long been convinced that the flora of Madagascar may be
divided into three Regions. These Renons run in a longitudinal direction, follow-
ing approximately th^ longer axis of the island. It is proposed to call them
Eastern, Central, and Western (see Map). Of the 1,977 species of plants whose
localities have been determined there are— *
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Common to the three Eegions 73
„ », Eastern and Central . . . . . . 142
„ j» Western and Central 69

„ „ Eastern and Western , . . . . . 89

The table (exhibited) shows the Orders most largely represented and their
percentage of the total flora of the respective liegions.

this table the following facts are prominent. In the Eastern Region the two
most abundantly represented Orders are Filices and Legumihosse, but the former
are in proportion to the latter as much as 5 to 2. It will be noticed that Filices

do not appear in the second or third column at all, the reason being that there is

not sufficient data for determining their relative position. Possibly they might
occupy the third or fourth place. Neither, for the same reason, do the Graminese
appear in the third column. In the Western Region the Leguminosce stand at the
head of the list, and this order is followed by Euphorbiacem, but the difference

between *the two is very great, the proportion being more than 6 to 1. The table
shows that 24*6 per cent, of the flora of the Western Region consists of Leguminosse.
The Oompositae form only 3 per cent, of the flora. In the Central Region, on the
other hand, the Composite stand head of the list, with a percentage of 12*2.

Rubiacem do not appear in the column representing the Western Region at all.

They, in fact, only form about 2 per cent, of the flora. The Eastern, Central, and
Western Regions therefore might, if we take the most largely represented Orders
into account, be fairly called the Fern Region, the Composite Region, and the
Leguminous Region respectively.

That the flora of the Central Region should differ widely from the floras of the
Eastern and Western Regions is accounted for by the groat elevation above the
sea of the central part of the island. But how are we to explain the existence of
so great a difference between the floras of the Eastern and Western Regions,
occupying, as they do, the same latitudinal and altitudinal positions, for of the

1,355 plants found in the Eastern and Western Regions only 89 are common to

both ? The explanation is believed to be simple. The central elevated plateau of
the island, which runs from north to south, is undoubtedly of very great antiquity,

having existed not improbably from palaeozoic times, and has therefore alwavs
formed a barrier between the floras of the Eastern and AVestern Regions. • The
floras therefore, even if they were formerly similar, have had abundance of time
to become differentiated in character

;
and if they were originally different, they

have been kept, by the existence of tl^p mountain barrier, distinct to the present

day.
In another paper of a much more extensive character than the present one,

the author has entered into detail in regard to the character of the three

Regions. He will not, however, go into particulars here. One thing, however
may be mentioned of a somewhat interesting character. In the higher portions

of the Central Region there are some balf^ozen plants whose distribution is

remarkable. Of these one is a violet, which is also found at the height of 10,000
feet in Fernando Po and 7,000 feet in the Cameroona in West Africa, almost under
the equator, and alsb in the mountains of Abyssinia. A geranium has a similar

distribution, so have Caucalis melanardha^ Drosera I'amenfacea, and Lonchitis

occid^italiSf which appear also on the mountains of Angola and Guinea, and

Agmria aalidfolia in Reunion, the Cameroons, and the high land about

Nyassa. Sanicttla eu?'opaa ‘occurs in Central Madagascar, the mountains of

Abyssinia, the Cape, 4,000-7,000 feet in the Cameroons, 4,000 feet in Fernando

Po, and is widely spread through Europe and other parts of the north temperate

zone.’ Cyanotis nodifiM'a finds a home in Angola and Central Madagascar. The^
facts point plainly to the existence of a former cold (or temperate) climate within

the tropics, followed by a warmer period, when these tenmerate plants, in order

to maintain an existence, were compelled to retreat up the mountains, where they

remain to the present day.

In considering the flora of Madagascar as a whole, one cf the first things that

strikes one is that the island must be of immense antiquity. About four-fifths of
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the species and a seventh of its genera* of plants are peculiar to the island. And
this is as it should be

;
the genera have for the most part survived the untold ages

that have elapsed since their first appearance, while the species have been subjected

to enormous modification. Such a very large amount of specitic differentiation

seems to point in the clearest manner to long isolation. The antiquity of the

island is also abundantly evidenced by the remarkable character of its fauna, a

subject, however, which need not be discussed here. At what period the island

was connected with the adjacent continent it is impossible to state with certainty,

but, as has been remarked elsewhere, as nummulitic limestone occurs on a great

part of the west coast of Madagascar, there seems to have been probably no land

connection in Eocene times ; and as the inroad of the higher forms of mammals into

South Africa from the Euro-Asiatic continent probably took place, as Mr. Wallace
shows, in later Miocene or early Pliocene times, Madagascar must have been cut off

from the mainland at least previous to the later Pliocene period, as the absence of

such mammals in the island proves.* This would allow time for the migration of

the mammals to South Africa, which would not unlikely keep pace With the

gradual lowering of the temperature going on in the Northern Hemisphere. This
also would explain the existence of a comparatively cold period succeeded by a
warm one, during which, or some part of which, Madagascar must have been joined

to the mainland, for it is now well known that in the Northern Hemisphere in

Tertiary time there was a gradual lowering of the temperature from tnat of a
tropical to a temperate or even a cold climate. This being of course reversed in

the Southern Hemisphere, we should have a cold period followed by a warm one.

It seems probable, therefore, that Madagascar was joined to the African continent

during some part or parts or the whole of the Miocene (including Oligocene) or

early Pliocene period.

5 . On the Effects of the Weather 0/I888 on the Animal and Vegetable

Kingdoms, By E. J. LowEj F.R.S,

First, attention must be drawn to the extraordinary mortality amongst birds

and the fearful increase in the number of slugs and insect pests during the present

spring and summer near Chepstow. At Shirenewton at the present time there is

not a redbreast, wren, goldcrest, coal-tit, marsh-tit, longtailed-tit, nuthatch,
creeper, night jar, lesser spotted woodpecker, redcrest. grey wagtail, redstart,

blackcap, white-throat, or red-pole, although usually they are all common. There
are scarcely any examples of land-rail, A^ter-ouzel, thrush, missel-thrush, dun-
nock, whinchat, garden-warbler, siskin, linnet, or swallow, although these are also

usually common in this district. Amongst birds those that seem to be of an
average number are the crow, rook, jackdaw, magpie, jay, sparrow-hawk, swift,

skylark, moor-hen, starling, and blackbird.

Usually birds are so abundant here that, without nets, cherries, strawberries,

raspberries, currants, and gooseberries are all devoured by them. This year there

has been no necessity for nets, as the fruit has been untouched by birds, or rather
there have been no birds to eat it.

The long deep snow in February destroyed many birds, but this does not
account for the absence of so many summer birds. Only four or five swallows
can be seen at one time, and only a solitary land-rail has been heard.

During the last two or three weeks there has been an increase in the number
of the following bhds: blackbird, willow-warbler, chaffinch, sparrow, great-tit,

blue-tit, spotted flycatcher, swallow, martin, and dunnock. It may be mentioned
that in June a pair of sand-grouse settled close to the cricket-ground in Shire-
newton Park, but they were not seen again.

Usually there is an increase in the number of elugs and insect pests after a
cold winter, and thisf year that increase has been enormous

;
seedling plants,

vegetables, and flowers have been destroyed wholesale, and great damage has been
dhne to the wheat, grass, and other agricultural crops, but what has been mo^t
noticeable is the destruction by caterpillars of all the leaves of the oak. Thousands
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of oaks have been without a leaf, hare like winter, and now they are only just
coming into leaf again.

^
The damage to the oaks has extended for miles round

here. Amongst destructive slugs the greatest increase has been in Helix aspersa,

H. rufescens, H. hispida, Zonites alliarius, Z.‘ cellaria, Vitrina pellucida,

Limax maximus, L. agrestis, Arion ater, A. empiricorum, and Amalia marginata.
There has also been an increase in Testacella haliotidea and T. Maugei.'

ilarwigs, woodlice, ants, and butterflies and beetles of numerous species have
been unusually abundant, but there are no wasps and very few moles. Snakes
and adders have also been numerous.

Toads and frogs deposited vast quantities of eggs, as usual, in the sheet of
water in Shirenewton Park, but not a single tadpole resulted, nor did the eggs swell.

The water-newt has also been much less abundant.
Early sown peas were twenty-one Weeks before they were flt for the table,

and all fruit has been very late, many gooseberries are not yet ripe, and currants

are still abundant. Pears are scarcely swelling. Nuts are, however, an enormous
crop. The hay crop has been the latest ever known, and much (September 8) has
yet to be harvested.

The above, together with the great snow in February and early drought, fol-

lowed by heavy continuous rains, that from May 1 to August 31 yielded here

16:^ inches of water, and also the long continuance of cold weather, has made this

an exceptional year so far, and a great contrast to the warm summer of 1887.

6. Tile Odoriferous Apparatus of the Blaps mortisaga (Coleoptera).

By Professor Gustave Gilson.

It is well known that many insects of the Pimelids family give out a charac-
teristic odour. I remarked that this odour is much stronger in the Blaps than in

other genera of the same family, as, for instance, the IHmelia and the Apis that I
had observed in Italy. I tried to discover what might be the cause of this differ-

ence, and I am now able to state that there exists a special highly developed appa-
ratus.

This apparatus is composed of two cylinders, which unite to form, under the

genital organs, a very short tube opening at the lower part of the last inters^-
mental space of the abdomen. Each cylinder is a sac, the walls of which are

covered with a great number of whitish lobes.

This sac is a receptacle where the secretion produced by the lobes is accumulated.
This secretion is an oil in which swims a considerable number of crystalline

yellow needles.

I have not yet been able to get a sufficient quantity of this substance to make a
chemical analysis.

The lobes are constituted by large cells, arranged as a sort of epithelium within

a b^, formed of a very thin membrane.
These lobes are by no means real glandular tubes, because each secretory cell

communicates directly with the surface of the common receptacle by a tiny canal.

They are simple agglomerations of unicellular glands, analogous to those we find

in the inner surface of the shell of many insects, especially in the vicinity of the

genital organs. Since Leydig first described this kind of cell, many writers have
remarked them in various species. I may mention Claus, Nussbaum, Forel, and
Schiemenz. The latter found these elements grouped in lobes rather similar to

those I speak of, in certain salivary glands of bees.

However, as the descriptions arc not sufficiently detailed, I made a closer exami-

nation of them in the Blaps, where they present several peculiarities hitherto

unmentioned so far as I have been able to learn.

Each cell contains an apparatus producinp^ the odoroua oil.

.This apparatus itself is made up of four distinct parts:~
. i. A radiating vesicle. 2. A central ampulla. 8. An excretory canal. 4. A
eheath for the canal. '
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The vesicle is terminated by a membrane which has a dotted appearance. It

contains filaments radiating from the ampulla.

These filaments pass through the membrane and become the radiating filaments

of the protoplasm.

The ampulla is but a dilatation at the end of the tube.

The tube itself has a thin wall, but a solid and elastic one, and a very narrow
hole.

The sheath is a formation analogous to the vesicle
;

it has also a membrane and
radiating filaments. It varies much in length

j
sometimes short, sometimes very

long, and rolled up in the protoplasm.

Towards the lower part it narrows gradually, and finally it becomes one with
the tube itself.

A question now arises : what is the morphological significance of these produc-

tions ?

To my mind it is quite clear that the membrane of the vesicle of the ampulla

and of the tube are analogous to the nuclear membrane and to other productions

which arise in the cell by a condensation of the protoplasmic r» ticulum.

The radiating filaments are nothing but radial fibres of the reticulum, which
have become more regular and stronger.

It is very interesting to compare these cells with similar elements found dis-

persed in the abdominal region of other insects
;

as, for instance, in the Carbhus

catenulatus.

Two forms of cell with canal are present.

In one set the canal is in direct contact with the protoplasm from end to end.

In the other, which are of spheroidal form, the end of the canal is furnished

with a radiating vesicle similar to that of the Blaps moHisaga,

These three forms are types of three stages of development of the unicellular

gland.

In the first there is only a canal in which are inserted directly the radiating

filaments of the protoplasm. In the second the protoplasm around the extremity

of the canal forms a radiating vesicle, but there is no sheath. And in the third

we have the sheath, which is a formation analogous to the vesicle.

The odoriferous cell of the Blaps moriisaga represents the most complex type of
the unicellular gland and one of the most complicate forms of the living cell.’

7. Beport of the Committee on Provincial Museums.—Seo Heports, p. 124.

8. The effect of various substances {chiefly members of the aromatic series of
organic compounds') upon the rate of secretion and constitution of the

Bile. By W. J. Collins, M.D., B.Sc. {Bond.), F.B.0.8.

The paper details the results of a research undertaken at the suggestion of
Dr. Lauder Brunton, being part of the larger subject of the relation between
chemical constitution and nhysiological action. The work of other experimenters in
the same field Ls reviewed. The methods of collecting the bile are discussed and
decided in favour of the formation of temporary biliary fistulae. This was adopted
in all the experiments detailed. The animals employed were guinea-pigs. The
substances experimented with were

—

Benzene^ Toluensy Anilinif Toluene Diamine^
Benzoic Acid, Phenol, Sodic Salicylate, Hydroquinone, Besorcin, Pyrocatechin, Ethyl*
Ammonium Iodide, and Ipecacuanha. The collected bile, both before and after the sub-
cutaneous injection of Ibe drug, was analysed so far as the estimation of its water,
solids, and ash in every case. Toluene appeared to be the most decisive cholagogue>
of those experimented with, both as regards rate of secretion and increase of biliary

solids eliminated. Experimental trials of this drug upon man have served to cor-

roborate this conclusion.'
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Section E.—GEOGRAPHY.
PftBSiDBNT OP THE SECTION—Colonel Sir C. W. Wilson, R.E., K.C.B., K.C.M.G.,.

D.C.L., F.il.S., F.R.G.S.

THURSDAY, 8EP1EMBER 6.

President delivered the following Address :

—

On opening the present session of the Geographical Section of the British Association

1 cannot refrain from alluding to the last occasion, now nearly a quarter ofla cen>
turj ago, upon which it met in this city. The chair was then tilled by one to whom
I, m common with others of the younger generation of that day, must ever owe a
deep debt of gratitude for many kindly words of advice and encouragement. Then^
as now, popular interest centred in Africa, and Sir Roderick Murchison, on taking

the chair, was accompanied by a group of distinguished African explorers. Some
amongst us may remember the enthusiastic greeting accorded to Livingstone, and
the heartfelt sorrow caused by the announcement that the gallant, chivalrous

officer, whose name will ever live in history as the discoverer of the sources of the

Nile, had been cut off in the fulness of his strength and vigour.

The African travellers of the present day have shown the same pluck, the

same perseverance, the same disregard of personal risk and comfort as their prede-

cessors. One African traveller, a distinguished officer of the German armv, who
hoped to have been with us, has this year been awarded the highest honour
which the Royal Geographical Society can confer—its gold medal. Lieut. Wiss-
man, who possesses all Livingstone’s indomitable courage, his constancy of pmqiose,

and bis kindly feeling towards the natives, has twice crossed Africa, in its widest

extent, without firing a shot in anger. He returned recently to Europe, filled, like

the great English traveller, with indignation at the atrocities perpetrated by the

Arabs on the blacks
;
and eager to find means, if such there be, of putting an end

to, or at least mitigating, the unspeakable horrors of the slave trade. He is

now organising an expedition which has the double o^ect of opening up the

territory in Eastern Africa that falls within the sphere of German influence, and of

bearing relief to Emin Pasha. In both enterprises we may heartily wish him
‘God speed I*

The light thrown upon the interior of the Dark Continent is the most striking

feature ofgeographic|l exploration during the last twenty-five years
;
and it is really

the outcome of the last eleven years, for it*"was only in 1877 that Mr. Stanley,

by bis remarkable journey, gave a new continent to the world. If Sir Roderick

Murchison were now alive He would feel more than gratified at results which have

been so largely due to his initiative. I propose, presently, to return to the interesting

subject of Amca ;
but I would first draw attention to the influence which the

natural features of the earth^s surface have had, and are still having, in conjunction

with other causes, on the trade rout^ and commercial relations between the West
and the East, and more especially with India.

• The great civilisations of hi^h antiquity appear to have risen and expanded in

four riverain ^districts *, Chinese In the basins of the Hoang Ho and the Yang-tse*
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Kiang; Hindu in those of the Indus and the Ganges; Chaldsean and Assyro-
Babylonian in those of the Tigris and Euphrates

;
and Egyptian in that of the Nile.

India is separated from China, on the one hand; by rugged, lofty mountain ranges,

and the high-lying plateau of Thibet ; and from Mesopotamia, on the other, by the

Suleiman Mountains and the Perso-Afghan plateau. Intercommunication between
these early seats of man’s activity must, therefore, have been of slow growth. From
Mesopotamia, on the contrary, there is easy access to the Nile basin by -^ay of

Syria and Palestine, and there are indications of traffic between these districts at a
verygemote period. Enquiry into the causes which first led to intercommunication
and into the means by which it was effected is needless. Desire of gain, lust of
power, were as much a part of human nature in the earliest ages as they are now.
The former induced the pioneers of commerce to feel their way across trackless

deserts, and to brave the hidden dangers of the sea; and for nearly three hundred
years it led gallant men to seek a way to the wealth of India through the ice-laden

seas of the Arctic region. The latter brought the great empires of Assyria and
Egypt into hostile conflict, and carried Alexander to the banks of the Oxus and the
Indus

;
and it is largely answerable for the land-hunger of European states in our

own generation.

Nations rise, fall, and disappear, but commerce extends in ever-widening
circles, and knows no limits. Efforts are constantly being made to discover and
open up new fields of commercial activity and to connect the great centres oPcom-
merce by quicker and shorter trade routes. The earliest traffic was conducted by
land

;
men travelled together in caravans for mutual protection, and I’ested where

food and water were to be obtained
;
at the most important of these halting places

cities were founded. As trade extended it became necessary to carry goods through
independent tribes or countries which often insisted on retaining the transit trade in

their own hands, and this led to the rise of cities at points convenient for the
transfer of loads and the exchange of the commodities of one country for those of

another. Generally speaking this early overland trade was co- extensive with the

geographical limit of the camel. Next in order to land traffic came that by
water, first on rivers, then on the sea; and cities naturally sprang up at

places on the coast where the merchandise brought down the rivers in boats

could, conveniently and safely, be transferred to galleys or ships suitable for

coasting. After a knowledge of the monsoons had wen acquired men began to

trust themselves to the open sea; the ships were improved, and a system was
established under which voyages were made, with great regularity, at certain

seasons of the year so that advantage might be taken of the periodic winds.
Increased knowledge of the globe, improvements in the art of shipbuilding, and
the invention of the steam-engine have gradually led to the ocean traffic of the
present day, conducted by large steamers which, regardless of wind and tide, follow

the most direct course from one point to another. The trade routes of the world
are subject to two great modifying influences, one physical, the other political. The
inland trade of India, for instance, can only reach Central Asia and the West by way
of Herat or Bamian ; caravan roads across the deserts of Asia and Africa must
follow lines of springs or wells

;
climatic conditions render all Polar routes imprac-

ticable
j
and the removal of a physical obstacle, by the construction of the Suez

Canal, is now causing a remarkable redistribution of the channels of commerce. So
too disturbance of traffic by war, or its designed destruction by conquerors

; and
great political changes such as the establishment of the Persian Empire, the rise of
Home, the disruption of the Homan Empire, and the advent of the Arabs to power
in Western Asia, divert trade from its accustomed routes and force it into new
channels, to the ruin of some cities and states and the enrichment of others. The
general tendency of trade so diverted is to seek, where possible, a maritime route,

for water transport is not only less costly but less liable to interruption than land
transport.

India,partly from itageographical position, partlyfrom the char^ter of its people,.

has always played apasMve rdloin commerce.andallowed the initiative in commercial
enterprise to rest with the West. The greatest advantages have always been derived
from tha possession of the trade between the East and the West, and, from" a
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remote period, the nations of the world have contended for this rich prize. One
state after another has obtained and lost the prize

;
England now holds it, but if

she, is to keep what she has obtained there must be a far closer study than there lias

hitherto been, of geography and terrestrial phenomena in their relation to com-
merce. Trade between the East and the West may be divided into three periods

:

the during which the limits of Oriental commerce were the eastern and south-
eastern shores of the Mediterranean, closed with the foundation of Oartht^e about
800 B.C. ; the second, or Mediterranean, period ended in the fifteenth century ; the

third, or Oceanic neriod, has lasted to the present day. In the first period there

were two principal lines of traffic
;
the southern sea route following the coast line,

and the northern land route traversing Asia in its whole extent from east to wfest.

There are indications of communication between China and the West so early as
26h8 B.C.

;
and in 2363 b.c. an embassy arrived in China from a country which

is supposed to have been Chaldsea. There is also an early notice of caravan traffic

in the conyiany of Ishraeelitos, bearing spicer/-^, and balm, and myrrh to Egypt,
to whom Joseph was sold (Gen. xxxvii, 26-^28.) The earliest maritime people
to appreciate the value of trade between the East and West were, apparently,

those living along the south coast of Arabia. Happily situated between the Per-
sian t^ulf and the Red Sea, and separated by vast deserts from the great nations of
Asia, the Sabseans were free from those alternations of industry and war which
are so unfavourable to commercial pursuits

;
for centuries they possessed the com-

merce of India, and they became famous for their opulence and luxury. Sabeean
ships visited Ceylon and the Malabar coast, and Sabsean merchants supplied Indian
goods to Mesopotamia and Syria, as well as to Egypt and Ethiopia. The ships

trading to the Persian Gulf discharged their cargoes near the mouth of the

Euphrates
;
whence the traffic passed partly by river, partly by land, to the coast

towns of Syria and Palestine, and through the Syrian and Cilician gates to Mazaca
{Kaisariyeh) and Pteriura {Boyhazheui)

;

from the last place Indian goods found
their way to Sardis and Sinope. The ships visiting the Red Sea landed goods at

Elath, at the head of the gulf of Akabah, for carriage by land to Tyre and Sidon,

and on the western shores of the Red Sea for transmission to Meroe, Thebes, and
Memphis. At the same time silks from China, and gems from India, were carried

overland toChaldsea and Assyria; andBactra (Balkh), ‘the mother of cities,' rose

and flourished at the central point of the transit trade. Egypt, with no timber for

shipbuilding, a distrust of all foreigners, especially when they came by sea, and a
settled dislike of maritime pursuits amongst her people, long neglected the oppor-

tunities aflbrded by her favourable geographical position. Tyre, Sidon, and other

Phoenician towns, reached by easy roads from the Euphrates and the Red Sea; and
from their situation commanding the Mediterranean, became centres of distri-

bution for Indian goods ;
and the Phoenicians, gradually extending their opera-

tions to the Red Sea, traded with the ports of southern Arabia, and even ventured

to the shores of India. It was in this first period that the Jewish kingdom reached

its widest extent. During the long wars of David's reign the Jews obtained pos-

session of the land routes over which the rich products of India were carried to

Tyre and Sidon ;
and Solomon did all in his power, by building Tadmor in the Wil-

derness (Palmyra), by improving the port of Elath, and by carrying out other great

works, to protect and facilitate the transit tradifrom which such large profits were

derived. The Jews do not appear to have been the actual carriers, but many of

them no doubt, following the example of their merchant-king, engaged in commer-

cial pursuits, and wealth poured into the kingdom so that silver was made to be as

stones in Jerusalem.

In the early portion of the second period the commercial prosperity of the

Phoenicians reached its culminating point. Their colonies dotted the shores of the

Mediterranean, and their ships passed the ‘ Pillars of Hercules ' to Great Britain

and the western shores of Africa, and floated on the waters of the Red Sea, the

Persian Gulf, and the Indian Ocean. The sea-borne tra^ of the known world

was in their hands; wealth flowed into their cities, and in the markets of Tyre

tih froffi Cornwall and amber from the Baltic w’ere exposed for sale with the silks,

^ins, and spices of the far-distant East. The decline of Pi mnicia dates from the
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establishment of the Persian Empire in the sixth century B.C., and after the capture
of Tyre by Alexander its commerce gradually passed into the hands of the Greeks.

The Persian policy of closing the Persian Gulf to commerce forced the Indian traffic

along the land routes. Babylon, which had become the emporium of Eastern trade^

declined, whilst Susa and Ecbatana were enriched by the transit trade which passed
through them and crossed the whole extent of the empire to the Mediterranean
ports. The policy of Alexander was to secure the carrying and distribution trade

of the world to the Greeks ;
and with this object he founded Alexandria, and

intended, had he lived, to restore Babylon to her former splendour. Ptolemy, his

successor in Egypt, used every means in his power to draw trade to Alexandria,

and the new city soon rose to opulence and splendour. The Greek merchants
obtained their Indian goods from the Arab traders whom they met in the ports of
southern Arabia ; they landed them at Myos Hormos and Berenice on the western
shore of the Red Sea, carried them by camel across the desert, and floated them
down the Nile and by canal to Alexandria, whence they were distributed to the

neighbouring parts of Africa and the coasts of the Mediterranean. This trade

route remained unaltered until Egypt became a Roman province. Another stream
of commerce passed by way of the Persian Gulf to Seleucia on the TigriS| and
thence, partly by water and partly by land, through Aleppo to Antioch" and
Seleucia at the mouth of the Orontes

;
and a third followed the ancient highway

from Central Asia to the ports of the Euxine and iEgean Seas.

After the rise of Rome all trade routes were directed upon the imperial citv,

which became a centre of distribution for the merchandise of the East. The Greeks
still monopolised the sea-borne trade; and those of Egypt, recognising the

advantage of their geographical position, took the direct trade to India into their

hands, and extended their voyages to Kattigara, the port of the Sinse (Chinese), in

the gulf of Tongking. Alexandria became the commercial capital of the Roman
Empire, the distributing centre of the world for Indian and Asiatic goods, and a place
of such wealth that one of the merchants is said to have been able to maintain

an army. At the same time the old ports of Tyre, Beirflt, Antioch, Ephesus,
Byzantium, and Trebizonde maintained their position as teiinini of the land traffic.

The extent of the intercourse between the East and the West during the Roman
Empire is shown by the embassy of the Seres (Chinese) to Rome in the reign of
Augustus, and, by the several embassies to China, which followed that sent by Marcus
Aurelius in ICO A.n., until the Arab Empire interposed

;
as well as by the fact

that in the time of Pliny the Roman imports from Asia each year were valued at

100 million sesterces (about 800,000/.). Trade followed well-established routes,

which remained in use, with but slight modification, till the. fifteenth century.

There were three principal lines of communication through Central Asia, all lead-

ing from China across the desert of Gobi. The northern ran to the north of the
Thien Shan by Lake Balkash to the Jaxartes {8yr Darya) ;

the central passed along
the southern slopes of the Thien Shan and crossed the mountains by the Terek Pas®
to Samarcand and the Oxus {Amu Darya) ;

and the southern passed over the Pamir
and through Badakhshan to Balkh. The northern route apparently went on from
the Jaxartes, through Khiva, to the Caspian, which it crossed, and then ran on to

the Black Sea. Even at this early period trade filtered round the northern shore®

of the Caspian, and later, during fhe Middle Ages, there was a well-established

trade route in this direction through Khiva to Novgorod and the Baltic, by which
the northern countries received Indian goods. From the Oxus region, reached by
the central and southern lines, there were two routes to the West. One passed

through Merv, crossed the Caspian, ascended the Araxes to reach Artaxates and
Trebizonde, or to descend the Phasis {Rion) to Poti, and then coasted the shores of

the Black Sea to Byzantium. The other also passed through Merv, and, running
along the northern frontier of Persia, reached the shores of the Black Sea through
Artalates, or continued on through Mesopotamia, Syria, and Asia Minor to Byzam*
tium. Tlie land trad<i from India passed through me Bamian Pass to Balkh, and
through Kandahar and Herat to Merv or Sarrakbs to join the great stream of

Central Asian traffic. The greater portion of the carrying trade on tb^e lofljg

lines was in the hands of the people awelling between the Jaxartes and the Oxus,
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who had their centre at Samarcand
;
and these Sogdians, or Asi as they are called

in the Chinese annals, fearing lest they should lose the profit on the transit trade,
threw every obstacle in the way of direct communication between China and the
Roman Empire. The difficulties which thus interrupted the land traffic gave an
impetus to the trade by' sea, and so benefited Alexandria and the cities in the
Persian Gulf. The sea trade at this time was carried by way of the Persian Gulf
and the Red Sea. In the first case the cargoes were landed at some port on the
Euphrates or Tigris, whence the goods were carried by river and caravan up the
valleys of those rivers and then through Syria to Beirut and A utioch, and through
Asia Minor to Ephesus, Smyrna, Constantinople, and Samsun. In the second case
the merchandise was landed either near Suez, wdionce it was conveyed by caravan,
canal, and river to Alexandria, and at a later date to Pelusium

;
or at the head of

the Gulf of Akabah for transport to Syria and Palestine. The sea trade was to

a ^eat extent a coasting trade, and it appears to have been shared by the Greeks
and the Arabs, and perhaps by the Chinese, whose junks were to be seen at Hira,
on the Euphrates, in the fifth century. •

On the disruption of the Roman Empire the Byzantines, with their capital

situated on the confines of hkirope and Asia, naturally became the intermediaries

,
between the East and the West, and they retained tliis position until the mari-
time- towns of Italy, France, and Spain became sufficiently strong to engage in

direct trade with the Mediterranean ports to which the produce of the East
found its way. Until the seventh century the Sassanians held the lines of com-
munication by land, and they did all they could to prevent Eastern produce from
being carried over any other roads than those passing through their territory or by
any other hands than theirs. In the sixth century they allowed an exchange of

produce between the East and the West to take place at only three points

:

Artaxates for goods arriving from Central Asia ; Nisibis for those from Central

Asia and by the Tigris route
;
and Callinicum {Rakkd) for those coming by way of

the Persian Gulf and the Euphrates. Justinian attempted to free Oriental com-
merce from its depend^ce on the Sassanians by opening up hew trade routes.

The Sogdian silk merchants passed, outside of Persian territory, round the north

end of the Caspian to meet those of Byzantium on the shores of the Sea of Azov
and the Black Sea ; the products of India were obtained from Ethiopian traders at

Adulis, on the Red Sea ;
and Greek navigators, taking advantage of the monsoons,

sailed direct from the southern end of the JRed Sea to the Malabar coast and
Ceylon.

•In the seventh and eighth centuries the Arabs overran the whole of Central

Asia, and the carrying trade by sea and by land passed into their hands. Profound
modifications were thus introduced into the commercial intercourse between the

East and the West. All land traffic from the East was directed upon Baghdad,
which became the distributing centre whence goods were despatched by the ancient

trade routes to the West, and which almost rose to the splendour of Babylon. On
the sea the Arabs regained their old reputation ; they sailed direct from the Red Sea
to Cape Comorin, and from Ceylon to the Malay Peninsula, and extended their

voyages to Kanpu on a delta arm of the Yang-tse-Kiang; they establisheid factories

in the Indian Ocean, and, in the eighth century, were so numerous in Canton as

to be able to attack and pillage that city. Their only rivals were the Chinese,

whose junks visited the Euphrates and Aden, and brought silks and spices to the

Malabar coast to be there exchanged for the raw material and manufactures of

the West.
The Eastern produce brought by the Arabs to the ports of the Mediterranean

was conveyed to Europe by the merchants of Venice, Genoa, Pisa, and other towns,

who also traded to Constantinople and the Black Sea. Venice from its geographical

position was well adapted to be the intermediary between the Eastland Central

Europe, and even before the rise of Islam a large share of the carrying tr^e of the

Mediterranean had fallen into its hands through the apathy and liucurious indo-

lence of the* Byzantines. It is unnecessary to trace the i^e of Venice or discuss

the impetus given by the Crusades to commercial intercourse between the East
and Western Europe

j
it will be sufficient to note that in*the first quarter of the
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fifteenth century the carrying trade of the Mediterranean was wholly in the hands
of the Venetians, and Venice had become the distributing centre for all Europe)
Venetian fleets, well guarded by war galleys, sailed at stated times for Constanti-

nople and the Black Sea ; for Syria and Egypt
;
for France

;
for Spain and Poi^

tugal, and for HoUand. From the ports in those countries, as well as from Venice
herself, the products of the East were carried inland over well-defined trade routes,

and cities such as Pavia, Niimberg, and Bruges, the emporium of the BEaliseatic

League, rose to importance as mtrepots of Eastern commerce.
The victorious advance of the Turks, the fall of Constantinople, the piracy in

the Mediterranean, and the termination of all intercourse with China on the decline

of the Mongol dynasty in the fourteenth century, combined with other circum-
stances to turn men’s minds towards the discovery of a more convenient way to

the East. India was the dream of the fifteenth-century merchant, and how to

reach it by a direct sea voyage was the problem of the day. The problem was
solved when Vasco de Gama reached the snores of India on May 20, 1498; and its

solution was due to the wise policy of a great-grandson of Edward III., Prince
Ilemy of Portugal, ^ the Navigator,’ who unfortunately died before success was
attained. The discovery of the Cape route was no mere accident, but the result of

scientific training, deep stud^', careful preparation, and indomitable perseverance.

Prince Henry having determined to find a direct sea route to India', invited the

most eminent men of science to instruct a number of young men who were
educated under his own eye, and in a few years be made the Portuguese the most
scientific navigators in Europe. The successful voyage of Vasco de Gama soon
produced important results; the saving in freight by the direct sea route was
enormous, and when it became generally known that the products of the East
could be obtained much cheaper in Lisbon than anywhere else, that city became
the resort of traders from every part of Europe. From Lisbon Indian commodities
were carried to Antwerp, which soon became the emporium of Northern Europe.
By these changes the trade of Venice was almost annihilated, and Lisbon became
the richest commercial city in Europe. The Venetians had endeavoured to confine

commerce within its existing limits, and to keep to the trade routes then in use.

They had never made any attempt to enlarge the sphere of nautical and commer-
cial enterprise, and the consequence was that their ablest seamen, imbued with the

spirit of adventure, took service in the Western States. When the Cape route

was discovered, instead of attempting to secure a share in the direct sea trade, they
entered into an alliance with the Sultan of Egypt to crush the Portuguese, and
built a fleet for him at Suez, which was defeated oy Almeida in 1608. After this

defeat the trade of Venice soon passed away.
Since the discovery of the Capo route there has been one long struggle for the

possession of the commerce of India
; who should be the carriers and distributors

of Indian commodities was for more than two and a half centuries a much
contested point amongst the maritime nations of the West. At first there seems
to have been a general acquiescence in the claim of the Spaniards and Portuguese
to a monopoly of the southern sea-routes, and this led to those heroic eflbrts to

find a north-east or north-west j)as8age to India which have so greatly added to

our geographical knowledge. Failure in this direction was followed by attempts
to reach India by the Cape in the face of the hostile attitude of Spain and Portugal.

The mighty events which in turn U’ansferred wealth and commerce from Lisbon
to Antwerp, Amsterdam, and the banks of the Thames are matter of history, and
it^ is scarcely necessary to say that at the close of. the Napoleonic wars England
remained undisputed mistress of the sea, and had become not only the carrier of
all ocean-borne traffic, but the distributing centre of Indian goods to the whole
world. A period of keen competition for a share in the commerce of India has
again commenced amongst the states of Europe, and symptoms of a coming
change in the carrying and distributing trade have been increasingly apparent
since 'Africa was separated from Asia, nearly twenty years ago, by the genius of
M. de Lesseps.

The opening of the Suez Canal, by diverting trade from the Cape route to the
Mediterranean, has produced and is still producing changes in the intercouBse
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"between the East and the West which aiFect this country more nearly, perhaps, than
any other European state. The changes have been in three directions.

First. An increasing proportion of the raw material and products of the East is

carried direct to Mediterranean ports, by ships passing througn the Canal, instead of
coming, as it once did, to England for distribution. Thus Odessa, Trieste, Venice, and
Marseilles are becoming centres of distribution for Southern and Central Europe, as
Antwerp and Hamburg are for the North ; and our merchants are thus losing the
profits tney derived from transhipping and forwarding Eastern goods to Europe. It

18 true that the carrying trade is still, to a very great extent, in English hands
;
but

should this country be involved in a European war the carrying trade, unless we
can efficiently protect it, will pass to others, and it will not readily return. Con-
tinental manufacturers have always been heavily handicapped by the position

England has held since the commencement of the century, and the distributing

trade would doubtless have passed from us in process of time. The opening of the
Canal has accelerated the change, to the detriment of English manufactures, and
consequently of the national wealth ;

and it must tend to make England less and
less each year the emporium of the world. We are experiencing the results of a
natural lav^i that a redistribution of the centres of trade must follow a rearrange-
ment of the channels of commerce.

Second. The diversion of traffic from the Cape route has led to the construction

of steamers for special trade to India and the East through the Canal. On this

line coaling stations are frequent, and the seas, excepting in the Bay of Biscay, are

more4ranquil than on most long voyages. The result is that an inferior type of

vessel, both as regards coal-stowage, speed, endurance, and seaworthiness has been
built, 'i'hese ‘ canal wallahs,’ as thejr are sometimes called, are quite unfitted for

the voyage round the Cape, and should the Canal be blocked by war or accident

they would be practically useless in carrying on our Eastern trade. Since the

Canal has been deepened they have improved, for it has been found cheaper to

have more coal-stowage, but they are still far from being available for the long
voyage round the Cape. Had the Canal not been made a large number of fine

steamers would gradually have been built for the Cape route, and though the sail-

ing ships which formerly carried the India and China trade would have held their

own longer, we should by this time have had more of the class of steamer that

would be invaluable to us in war time, and our trade would not have been liable,

as it is now, to paralysis by the closing of the Canal.

Third. Sir William Hunter has pointed out that, since the opening of the

Canal, India has entered the market as a competitor with the British workman

;

and that the development of that part of the empire as a manufacturing and food-

exporting country will involve changes in English production which must for a
time be attended by suffering and loss. Indian trade has advanced by rapid strides,

the exports of merchandise have risen from an average of 67 millions for the five

years preceding 1874 to 88 millions in 1884, and there has been an immense ex-

pansion in the export of bulky commodities. Wheat, which occupied an insignifi-

cant place in the list of exports, is now a great staple of Indian commerce, and the

export has risen since 1873 from to 2i million hundredweight. It is almost

impossible to estimate the ultimate dimensions of the wheat tra^e, and' it is only

the forerunner of other trades in which India is destined to compete keenly with

English and European producers.

The position in which England has been placed by the opening of the Canal is

in some respects similar to that of Venice after the discovery of the Cape route

;

but there is a wide difference in the spirit with which the change in the commercial

routes was accepted. Venice made no attempt to use the Cape route, and did all

she could to prevent others from taking advantage of it
;
England, though by a

natural instinct she opposed the construction of the Canal, was one of the first to

take advantage of it when opened, and so far as the carrying trade is concerned she

has hitherto successfully competed with other countries, a

It is only natural to ask what the result of the opening* of the Panama Canal

vtfU be. To this it may be replied that the Canal, wnen completed as a maritime

oanal> without locks, Avill promote commercial intercourse^between the eastern and
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western coasts of America; will benefit merchants by diminishing distances and
reducing insurance charges

;
and possibly divert the course of some of the trade

between the East and the West
;
but it will produce no such changes as those

which have followed the construction of the Suez Canal.

The increasing practice of the present day is for each maritime country to

import and carry the Indian and other commodities it requires, and we must be'

prepared for a time when England will no longer be the emporium of Eastern
commerce for Europe, or possess so large a proportion as she now does of the

carrying trade. So great, however, is the genius of the English people for

commercial enterprise, and so imbued are they with the spirit of adventure, that we
may reasonably hope loss of trade in one direction will be compensated by the

discovery of new fields of commercial activity. The problem of sea-carriage has
virtually been solved by the construction of the large ocean steamers which run
direct from port to port without regard to winds or currents ; and the onl^ likely

improvement in this direction is an increase of speed which may possibly rise to as

much as thirty knots an hour. The tendency at present is to shorten sea-routes by
maritime canals; to construct canals for bringing ocean-going ships to inland

centres of industry ;
and to utilise water carriage, wherever it may be jpracticable,

in preference to carriage by land. For a correct determination of the Tines which
these shortened trade routes and great maritime canals should follow, a sound
knowledge of gec»graphy and of the physical condition of the earth is iipcessary

;

and instruction in this direction should form an important feature in any educational

course of commercial geography. The great problem of the future is the inland

carrying trade, and one of the immediate commercial questions of the day is—who
is to supply the interiors of the great continents of Asia and Africa, and other

large areas not open to direct sea traffic ? Whether future generations will see

‘ The heavens fill with commerce, argosies of magic sails,

Pilots of the purple twilight, dropping down with costly bales,*

or some form of electric carriage on land, may be matter for speculation ; but it is

not altogether impossible to foresee the lines which inland trade must follow, and
the places which must become centres of the distributing trade, or to map out the

districts which must, under ordinary conditions, be dependent upon such centres

for their supply of imported commodities. The question of supplying European
goods to one portion of Central Asia has been partialljr solved by the remarkable
voyage of Mr. Wiggins last year, and by the formation of the company of the
‘ Phoenix Merchant Adventurers.’ Mr. Wiggins started from Newcastle-on-Tyne
for Yeniseisk, the first large town on the Yenesei, some 2,000 miles from the mouth
of that river and within a few hundred versts of the Chinese frontier. On the 9th
October, 1887, he cast anchor and landed his cargo in the heart of Siberia. The
exploit is one of which any man might well be proud, hut in Mr. Wiggins’s case there

is the additional merit that success was the result of conviction, arrived at by a
strict method of induction, that the Gulf Stream passed through the Straits into the
Kara Sea, and that its action, combined with that of the immense volume of water
brought down by the Obi and Yenisei, would free the sea from ice and render it

navigable for a portion of each year, llie attempts of England to open up com-
mercial relations with the interior of Africa have too often been marked by want,
if not open contempt, of geographical knowledge, and by a great deficiency of
foresight? but the competition with Germanv is forcing this country to pay
increased attention to African commerce, and the formation of such companies as
the British East African Company, the African Lakes Company, and the Royal
Niger Company is a happy omen for the future.

Another branch of the subject to which attention may he briefly directed is the
fact that it is becoming increasingly evident that manufactures cannot profitably

be carried on at a distance from the source of the raw material and the destination

of the products. In Iq^ia, for instance, where the first mill for the manufacture of
cotton yam and cloth was set up in 1864, there are now over 100 cotton and jute
mills with 22,000 looms and 2,000,000 spindles

;
and similar changes are takiiig

place elsewhere.
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I am afraid that I have frequently travelled beyond the sphere of geography.
Iify object has been to draw attention to the supreme importance to this country
of the teience of commercial geography. That science is not confined to a know-
ledge of the localities in which those products of the earth which have a commercial
value are to be found, and of the markets in which they can be sold with the
greatest profit.

^
Its higher aims are to divine, by a combination of historical retro-

spectAnd scientific foresight, the channels through which commerce will flow in

tne future, and the points at which new centres of trade must arise in obedience to
known laws. A precise knowledge of the form, size, and geological structure of the
globe ; of its physical features

;
of the topographical distribution of its mineral and

vegetable products, and of the varied forms of j,mmal life, including man, that it

sustains ;
of the infiuence ofgeographical environment on man and the lower animals

;

and of the climatic conditions ofthe various regions ofthe earth, is absolutely essential

to a successful solution of the many problems before us. If England is to maintain
her commanding position in the world of commerce she must approach these pro-
blems in the spirit of Prince Henry the Navigui^or, and by high scientific training fit

her S|ons to play their part like men in the coming struggle for commercial supi'e-

macy. The struggle will be keen, and victory will rest with those who have most
fully realised the truth of the maxim that * knowledge is power.’

1 may add that if there is one point clearer than another in the history of
commerce it is this:—that when a state cannot effectually protect its carrying
trade in time of war, that trade passes from it and does not return. If England is

ever found wanting in the power to defend her carrying trade, her fate will only
tpo surely, and I might almost say justly, be that of Venice, Spain, Portugal, and
Holland.

I will now ask you to turn your attention for a few moments to another
subject—Africa. In 1864 Sir Roderick Murchison alluded to the great continent
in the following terms :

* Looking at the moat recent maps of Africa, see what
enormous lacunae have to be filled in, and what vast portions of it the foot of the
white man has never trodden.’ It was then inmossible to give a general sketch
even of the geography of Equatorial Africa. Tanganyika and,Nyassa had been
discovered, and Speke and Grant had touched at a few points on the southern,

western, and northern shores of the Victoria Nyanza
;
but we were still in igno-

rance of the drainage and form of the immense tract of country between the
Tanganyika Lake and the Zambesi

;
and the heart of Africa, through which the-

mighty Congo rolls, was as much unknown to us as the centre of America was to

our ancestors in the middle of the sixteenth century. There are now few school-

bovs who could not give a fairly accurate sketch of the geography of Central
Africa ; and a comparison of the maps published respectively in 1864 and 1888
will show how rapidly the lacunae of which Sir Roderick complained are being
filled in. There is still much to be done, and it is precisely in one of the few
blank spots left on our maps that the man who may well be called the Columbus of

Africa has so mysteriously disappeared. The discovery of the course of the Congo
by Stanley has been foflowed by results not unlike those which attended the

discovery of America by Columbus, In the latter part of the nineteenth century

Africa has become to Europe what America was in the sixteenth century. Events
march more rapidly now than they did then, and the efforts of the maritime
nations of Europe to secure to themselves some portion of African territory and
some channel through which they can pour their products into Central Africa are

j^apidly changing the condition of the Dark Continent.

The roads over which the land trade of Equatorial Africa now passes from the

coast to the interior are mere footpaths, described by Professor Drummond in his

charming book * Tropical Africa ’ as being * never over a foot in breadth, beaten

as hard as adamant, and rutted beneath the level of the forest bed by centuries of

native traffic. As a rule these footpaths are marvellously direct. lake the roads

of the old Romans, they run straight on through everythmg, ridge and mountain
and v^ey, never shying at obstacle, nor anywhere turning aside to breathe. Tet
^thin this general straightforwardnera there is a singular eccentricity and in-

c^rectness in detail. Although the African footpath is on the whole a bee-line, no
'1888. 3 B
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fifty yards of it are ever straight. And the reason is not far to seek. If a stone

is encountered no native will ever think of removing it. Why should he P It is

easier to walk round it. The next man who comes that way will do the sante. . . .

Whatever the cause, it is certain that for persistent straightforwardness in the
general, and utter vacillation and irresolution in the particidar, the African roads

are unique in engineering.’ No country in the world is better sup>plied with paths

;

every village is connected with some other village, every tribe with the nextotribe,

and it is possible for a traveller to cross Africa without once being off a beaten
track. The existence nearly everywhere of a wide coast plain with a deadly
climate, and the difficulties attending land transport in a country whei’e the usual

beasts of burden, such as the camel, the ox, the horse, and the mule, cannot be
utilised, will probably for many years retard the development of the land trade.

On the other hand, the Congo with its wide-reaching arms, the Niger, the Nile,

the Zambesi, the Shir^, and the great lakes Nyassa, Tanganyika, and the Victoria

and Albert Nyanzas offer great facility for water transport, and afford easy access

to the interior without traversing tfie pestilential plains. Already steamers ply

on most of the great waterways—each year sees some improvement in this respect;

and a road is in course of construction from Lake Nyassa to Tanganyika which
will tend, if Arab raiders can be checked, to divert inland traffic from Zanzibar to

Quilimane, and will become an important link in what must be one of the ^eat
trade routes in the future. It is possible, I believe, with our present Imowledge
of Africa, and by a careful study of its geographical features, to foresee the lines

along which trade routes will develop themselves and the points at which centres

of trade will arise
;
but I have already detained you too long, and will only venture

to indicate Sawakin, Mombasa, Quilimane, or some point near the mouth of the

Zambesi, and Delagoa Bay, as places on the east coast of Africa which, from their

geographical position, must eventually become of great importance as outlets for

the trade of the interior.

The future of Africa presents many difficult problems, some of which will no
doubt he brought to your notice during the discussion which, I trust, will follow

the reading oJf the African papers
;
and there is one especially—the best means

of putting an end to slave-hunting and the slave-trade—which is now happily

attr^ting considerable attention. It is surely not too much to hope that the

nations which have been so eager to annex African soil will remember the trite

saying that * property has its duties as well as its rights,’ and that one of the most
pressingly important of the duties imposed upon them by their action is to control

the fiends in human form who, of set purpose, have laid waste some of the fairest

regions of the earth, and imposed a reign of terror throughout Equatorial Africa.

The following Papers and Report w’ere read :

—

1. Le Oanal de Panama,^ Par F. de Lesseps.

2.

Meteorological Conditions of the Bed Sea,
By Lient.-General Steachet, F,B.8.

3.

Sea Temperatures in the neighbourhood of Cape Ouardafui.^
By Lieut.-General Steachet, F.B,S,

4.

The Salinity of the Clyde Sea Area.^
By Hugh Robert Mill, B.Sc., F,B.S,E.

The observations made by the staff of the Scottish Marine Station on the Clyde
sea area during the years 1886 and 1887 show that the salinity of the bottom

* Published in the Proceedings of the Boyal Geographical Sooiety, Oct. 1888.
* lUd, Nov. 1888.

^ -r ir

’ Published in extenso in the Transaotions of the Boyal Society of Edinhurght
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water clianges comparatively little with the season, always diminishing slightly

from the sea towards the head of the various lochs. The surface water also

freshens close to the shore and towards the upper part of the lochs
;
but its salinity

at any time depends largely on the actual rainfall and on the height and steepness

of the surrounding mountain walls, being sometimes q[uite fresh and freezing in

severe frosts. The saltest surface water was almost invariably found near the

Otter»Spit in Loch Fyne fifty miles from the open sea
;
the .tidal current moving

from deep to shallow water carries up the salter lower layers. Wind currents

produce even more striking effects. When a gale blows doum a loch, the

saltest surface water is found at the head, even though a stream enters in the
immediate neighbourhood, in the position where normally it is freshest. This is

in consequence of the upwelling of salt water from beneath to replace the surface

layers driven away by the wind, and fully confirms Mr. Murray’s theory (suggested

by temperature observations) of ,the circulation of water in enclosed basins,

l^ollowing are the average results of from eight to fourteen observations at a
few selected stations spread over two yeaitt, the density being that at 60® F.
(16-66® C.).

•

Station Surlacc Bottom Depth

Mull of Cantirc 1-02530 1*02640
fathoms

60
South of Arran 102459 1*02.503 25
Off Brodick 1-02444 1*02522 80
Off Skate Island 1-02446 1*02508 106
Outside Otter Spit, Loch Fyne 102461 1*02497 36
Off Strachur „ 1*02226 1*02458 76
Head „ 1*01435 1*02427 16
Head of Loch Strivan . . . 1*02153 1*02465 12
Off Dunoon 1*02325 1*02476 60
Head of Loch Long .... 1*01945 1*02440 10
Mouth of Gareloch .... 1*02223 1*02407 20
Head „ .... 1*02238 1*02338 10

5 . Sea Temperatures on the Continental Shelf}

By Hugh Robert Mill, B.Sc,, FJR,S.E.

The name * continental shelf ’ is applied to the shallow and gradually sloping

ground from the sea-margin out to the 100-fathom line, beyond which the descent

to abysmal depths is abrupt. The British Islands rest on one of the widest con-

tinental shelves in the world, and the present paper summarises observations made
by the author on its western edge. The observations were carried out at »the

request of the Fishery Board for Scotland on board H.M.S. 'Jackal ’ in July and
August 1887, and consisted of linos of serial temperature soundings from the

north-west coast of the island of Lewis seawards- to beyond the 100-fathom line.

This portion of the continental shelf is terraced, and the slope varies in different

§
laces. It is broken by the long Flannan bank and the small circular bank of

it. Hilda, and grooved by several deeper channels. The form of the curves of

vertical distribution of temperature and the direction of the isotherms in the

temperature sections show that the water reaching the seaward edge of the shelf

from tlie ocean consists normally of a layer more than twenty-five fathoms deep at

a uniform temperature of 66®, resting on a mass of water at a temperature,of 48®

or 49®. The action of waves partially mixes the two layers, and they were found

separated by a zone about fifteen fathoms thick, in which the temperature changed

rapi^y with depth. The prevailing westerly wind and eastward tidal current,

produced changes in this typical arrangement of layers in %xact relation with

configuration of the sea-bed. The warm layer, meeting no resistance from in-

> y Published in extenso in the Scottish Ofiographieal ftayazine^ Oot. 1888.
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V,,

equalities on the bottom, flows on
,

to the shore, and tends to accumulate there^
flowing back as an undercurrent, and sO g^vi^ a deeper layer of warm water or a
wider zone of mixture near the land. The en^t of a bank is different : the colder
mass of water runs up the slope, reducing the thickness of the warm layer OTer
the bank and maintaining a lower temperature on the other side.

The chief conclusion arrived at is that the temperature of sea-water depends
little on local air-temperature, but mainly on the configuration of the sea-bottom
and the direction of the currents caused by tide and wind. The observations bn
salinity bear out these conclusions.

6. Perspective Maps and Common Maps.
By Arthur W. Clayden, M.A., F.O.8.

The author, called attention to the inaccuracy essential to all maps, and to the
great distortion which may occur in maps of large areas like those of continents or
oceans. Notice was especially drawn to the comparative uselessness of the scale
of miles usually attached to such maps. It was suggested that for elementary
educational purposes such maps could be advantageously replaced by others drawn
in true perspective,* as a better notion would thereby be'given of the true figure of
the earui and the relative proportions of its chief features.

7. * Little Russia*^ By E. Delmar Morgan, F.R.O.S.

The region known as ‘ Little Russia ’ has no definite landmarks
; some place its

centre at Kharkof, others at Poltava, but at these cities I was referred to Kief, and at
Kief to Luof, or Lemberg, in Austrian Galicia, if 1 wished to acquaint myself with
the so-called Little Russian movement. Anyone wishing to study the country
thoroughly should visit all these places, make some stay in the country, and read
the voluminous literature on the subject. My claim to be considered an authority
rests only on a few weeks passed this summer in Kharkof, Poltava, and Kief, and
short excursions in each of those provinces.

Kharkof is a rising city, a Russian Chicago, with a university, founded about
eighty years ago, and a select literary circle. The prevailing feeling at Kharkof is that
Moscow must be considered as the mother of Slav nationalities, however much like a
stepmother she may behave. This is attributable to the large admixture of great
Russians in the population and the material prosperity everywhere apparent. At
Kharkof, Little Russians gradually lose tneir distinctive characteristics and
language.

At Kharkof there is a summer theatre at which national plays are acted in the
Little Russian language, every attention being paid to the exact reproduction of
the dress, customs, &c.,of this people. From Kharkof I made an expedition to the
monastery of ^ Sviatiye Gori,’ the ‘ Holy Hills,’ on the right bank of the Donets.' I
reached it on the anniversary of its first abbot, Arsenius, and found a great number
of pilgrims assembled there from various parts of Russia. This monastery ranks
next to the Pecherski Lavri of Kief in importance in southern Russia. The general
appearance of the country is that of a cultivated boundless plain, with occasion^
mounds or kurghans rising above the surface to a height of 60 or 60 feet, ^ese
arei^the burial-places of the earlier nomadic inhabitants, according to recent
investigations.

Poltava, my next halting-place, is situated on heights overlooking the Vorsklo.
Notwithstanding its dreary and somewhat dilapidated appearance it is the heart Of
little Russia, and its associations carry one back to the most stirring events in the
history of that nationalitv. I made an excursion from Poltava to Oount Kochubey’s
estate and thence to Oposhnia, where the home industries, especially pottery, leather-
dressing, &c., are im]^rtant. The whole of Poltava and its neighbouring pro-
vinces are overrun by Jfews, much to the injury of the .inhabitants. On the way to

Published in esetenso in the Scottish Geographical Magazine, Oct. 1888.
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Sorotchnitsi, in the valley of the Psiol, I visited a Stundist, one of a sect which is

lik^y to cause no little trouble to the Government, the measures hitherto taken
against them having defeated their object.

The Little Russians are a finer race than the Great Russians ; they are enter-

ptising colonists, and the charge of lasiness made against them is unfounded.
Their»social and political tendencies are different from those of the Great Russians.

Whereas these favour communal tenure and the patriarchal family life. Little

Russians are all for individualising property and severing the family tie. In earlier

times their gromadoj answering to the Mir of Great Russia, freely discussed local

afiairs. The present aristocracy of landowners descended from the Hetmans and
other officers of Cossacks who were in power at the time of the rebellion against

Poland in the seventeenth century and their union with Russia, or Muscovy as it

was then called.

B. Third Report of the Committee appointed for the purpose of drawing
attention to the desirability of prosecuting further research in the AnU
arctic Regions .—See Reports, p. 31G.

FRIDAY, SEPTEMBER 7.

The following Papers were read :

—

1. Explorations on the Ohindwin River, Upper Burmali, in 1886-87.*

By Colonel Woqdtiiorpe, R.E.

2. A new Route from India to Tibet. ^ By Captain W. J. Elwes.

3. Russian Topographical Surveys. By E. Delmar Morgan, F.R.G.S.

4. Notes on the Geography of the Region from the Nile to the Euphrates as

known to the ancient Egyptians.^ By the Rev. Henry George Tomkins.

No route was so important in the most ancient times as the great drift-way from
the Persian Gulf to the Nile mouths by way of the Orontes valley, Coele-Syria and
Palestine, or of Damascus and across the Jordan. The Egyptians were the

greatest of primseval geographers, and have preserved for us on a profuse scale

their records. Narratives of conquest, tribute-lists, despatches and private letters,

and many other memorials have come down as our materials; and none are more
interesting than the cuneiform tablets lately found at Tel-el-Amarna in Upper

results of examination are not yet fully available, but we are quickly filling

up the map of all the country from tne Egyptian eastern frontier to the banks of

Euphrates for the ages before the con(mest of Joshua.

From the fortified border of the Delta three routes led eastwards and north-

wards across the desert. 1. From Tanis (Zoan) by Pelusium along the coast.

2. PVom the W&dy Tumilat, the ancient road rediscovered by the Rev. F. W.
Holland. 8. The way of the Red Sea, represented by the present Hajj road.

The Etham of the Exodus was not any ITAetom, but the Atima of the papyri,

probably the el Adam mentioned by the Rev. Grevile Chester between Pelusium

^ * Published in the Proceedings of the Royal Oeographieal Society. ‘

* * Published in extenso in the Quarterly Statement of the Palestine Eaploration

rind.
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and Baphnffi (Tahpanhes). Seti I. has given us his military route, with its fortified

watering stations in the desert, to the stronghold of Kanana south of Hebron.
Avery important place, besieged and taken after the e:^pulsion of the Hyksbs by

Aahmes the founder of the XVIII. dynasty, is Sharuhen, now Tel-esh-Sheriah,

north-west of Beersheba. It used to be thought that the Egyptian armies avoided

the mountain masses of Palestine. But a careful examination of theKamak tr^ute-

lists leads to quite a difierent conclusion.

The coast route was deflected far inland by a dens^ and impracticable forest,

haunted by brigands, between Joppa and Oarmel. But the hill-country was
brought under the military control of Egypt by the great kings of the eighteenth

dynasty.
The names of the tribute-lists are to a great extent identical with the Biblical

names in the book of Joshua, &c., and many of them occur in Assyrian annals, and
the greater part may be found not greatly altered as the present local names.
Askalon, Joppa, Gaza, Megiddo, were^gyptian garrisons.

The great fords of the Jordan were covered by military posts On the east side,

and the great route down into Arabia was secured.

Tabor and Merom and Laish were points of note. The fords of Jordan, and the

Litany (Nazana) are mentioned, and the Nalir-el-Kelb bears its own monumental
testimony to the conquerors.

The Lebanon supplied its cedar and pine timber to the Pharaohs, who had
garrisons there.

Along the southern Nahr-el-Kebir (Eleutherus) a great route led to the Orontes
and its fortress Kadesh in the land of the Amorites.

The Orontes valley is full of names which we meet in Egyptian tribute-lists and
narratives of campaigns, and several occur near Antioch and in the Taurus.

The northern list of Thothmes III. furnishes 230 names, besides 110 in the
Palestine list.

Very careful examination now shows that at least 20 of the northern names as

along the Euphrates, including Pethor (of Balaam), Karkemish, and Kirkesion,

and three important fortified towns renowned in the Egyptian campaigns, Anukie
(Annukas of Procopius, refortified by Justinian)

;
Hurenkal ;

and Inua (perhaps

Haragla or Herakleh and Einya, both on the Euphra|:es).

The land of Naharina extended east and west of the Euphrates, as we learn from
Eg3rptian texts, but in the cuneiform tablets of Tel-el-Amarna it is identified with
the land of Mitani between the Euphrates and the Khabur river. These tablets show
us that the Pharaohs Amenhotep III. and IV. (Khu-en-aten) were overlor^fe of
Assyria and Babylonia, and this agrees well with the principal places on both sides

of the Euphrates being included in the tribute-list of Thothmes III. A list of
Euphratean names will illustrate this, reaching from above Bir-ejik to some 100
miles below IGrkesion, including positions on the east side commanding great

passages of the river. Further eastward it is not proposed to go in the present

paper. But the inclusion of Damascus and other places on the great route across

the Jordan near Beth-shan, and the old Hajj road towards Arabia, in the lists of
Thothmes is thoroughly congruous with such substantial conquest as we have now
ascertained. This was the old line of march of Kedorla’omer in the days of
Abraham, and in the list of Thothmes we find the same memorials in the Ono-rapha
which preserves the name of the Kephaim, and Ashtaroth where these people were
smitten, and perhaps Hum is the Ham (Dn); where the Zuzim were likewise

smitten by the old Elamite suzerain. Now the tables had been turned, and Egypt
was lord of the Euphrates.

The Egyptians, for all their appliances of easy life, were a very enterprising

pMSople, and highly trained both as conquerors and administrators, and were con-
tinually forced to supply their needs from foreign lands and to defend themselves
by keeping their enemi^ in order.

Th^ things help to account for the thorough knowledge which they had of the
geography between their own Nile and the great river Euphrates, which we Me
able to ascertain by Biblical and AssMian and classic records, and by the innun^er-
able names still fresh on the lips of the inhabitants.
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The successful studies of Mariette, de Roug^, Brugsch, de Saulcy, Maspero,
Conder, and others should but stimulate us, both scholars and travellers, to more
perfect methods and more exhaustive results.

^
5. Bemarlcs on Mr, Tomldns* Paper, ^ By Major Conder, B.E.

The questions raised have been discussed for twenty years, Mr. Tomkins’
geographical discoveries in Northern Syria have added to our knowledge. The
races and towns known to Egyptians enable us to carry back the history and
geography of Syria to 1600 b.c. The portraits of Asiatics on the monuments
enable us to distinguish the races. One of these was Semitic—^as shown by the
^ographical names. The other was Turanian—as shown by similar information.
The details of personal appearance agree' with this distinction, which explains the
statements of the Bible as to the population of Palestine.

The geographical position of the Kheta in? various ages was discussed. In Abra-
ham’s time it was as far south as Hebron, but in 1840 n.c. only in the north. The
Kheta were Tartars, as shown by physical type and names of chiefs. The influence

of this Turanian population on Semites as shown by language was pointed out.

Lenormant, treating on the geographical distribution ofthe Turanians, says they
are akin to the Akkadians. He states them to have spread all over Asia Minor.
Geographical nomenclature provides one of the safest methods of tracing race.

6. Itecent Explorations East of the Jordan.

By Captain A. M. Mantell, B.E.

The portions of eastern Palestine which have been recently explored are three in

'number, viz., five hundred square miles surveyed by Major Conder, R.E., to the
north-east of the Dead Sea, and two portions of 460 and 240 square miles respec-

tively near the sea of Galilee, surveyed by Herr Schumacher. The principal points

were fixed with the theodolite and a triangulation linked with that of western
Palestine. Detail was filled in with the prismatic compass and altitudes of sub-

sidiary points fixed by means of the aneroid barometer. At the same time infor-

mation was collected as to the Arab tribes and their history, and ruins, dolmens, &c.,

were measured up and sketched. Some difficulty was experienced in ascer-

taining the names of places, but still more in spelling them with correct Arabic
letters.

About thirty Biblical sites have been recently recovered, including Moimt Peor
and Bamoth Baal.

Some time was spent at Amman, a city abounding in Roman ruins. The
Muhammedan remains are less important, but include a Sassanian building which
throws light on early Moslem architecture. Rabboth Ammon is now occupied by a
colony of Circassians.

'Arak el Emir and the ruined palace of Hyrcanus were also sketched and
photographed. They are found to agree very well with Josephus’ description.

Several hundred dolmens were observed, plans and sections being taken of the beet

E
reserved

;
those in Moab seem to be sacrificial not sepulchral. A number of men-

irs were discovered, and plans were made of several large ancient stone enclosures.

The latter ere often imitated at the present day on a small scale. Tombs are

surrounded by circular enclosures, at which the Bedowy prays and makes his

offerings.

Two groups of the stone pillars called ‘ Serabit ’ and several disc stones were

lUso found.
Herr Schumacher’s work in the JauUn and Hauraii was executed while survey-

ing the country for a railroad to Damascus. He has ^rawn up geographical

gazetteers of the various districts. Through his work the andent ^kaba has been

<||^overed. He has also fully described some of the underground cities.

^
* Ihiblished in the Quarterly Statement of the PeUegtine Exploration Fund.
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In addition to the above he has surveyed and written a pamphlet on the ancient

Fella.

Herr Schumacher has examined numerous dolmens, and come to the conclusion

that they are sepulchral in their origin.

A lai^e part of eastern Palestine still remains to be surveyed
;
a work which

ought to ^ carried out at the first opportunity.

7. Jerusalem ; NehemiaVs Wall and the Royal Sepulchres.

By George St. Clair, F.G.S.

The topography of ancient Jerusalem has been difficult to make out, and the

site of the sepulchres of the kings of Judah remains unknown. But the problem
has been simplified by recent excavations, with which the writer has a promssional

ac(}uaintance. We now for the first time know the contours of the rock and the

features of hill and valley before the 80 ft. of debris began to accumulate.

The Akra of the Maccabees being identified, it is seen how, by the recorded

filling up of the Asmonean valley, the two parts of the Lower City became joined

into one crescent^ lying with its concave side towards the Upper City, according to

the description of Josephus.

The investigations of Sir Charles Warren show that the temple must be placed

on the summit of Moriah, with Solomon’s palace south-east of it, leaving a vacant

square of 300 ft. where now we have the S.W. comer of the Haram area.

From the S.E. corner of the Haram enclosure extends the wall of Ophel, dis-

covered by Warren, running 76 ft. to the south, then bending towards the south-

west. Further, it is found that from the Gate of the Chain, in the west wall of

the Haram enclosure, a causeway, with complicated structures, extends westward
towards the Jaffa Gate. *

Having this groundwork we may proceed to place the walls :

—

The third wall, built by Agrippa, does not concern us.

As regards the second wall, it suffices for the present purpose to adopt the line

of Herr Conrad Schick.

The first wall was the wall of the Upper City. On the northern side it ran from
the Jaffa Gate to the Ilaram wall. The uncertainty has been about its southern

portion. The author gives,' on a diagram, the line he has been led to adopt, and
then shows that it corresponds in detail with the descriptions in the l^ok of

Nehemiah. Taking Nehemiah’s night survey, then the consecutive allotments of
work assigned to those who repaired the walls, and, thirdly, the points successively

reached and passed by the processionists when the walls were dedicated, it is shown
that every mention of a gate or a tower, the number and the order of salient and
re-entering angles, and every other note of locality, exactly agree with the course of

the walls as suggested.

This course, moreover, involves the least possible variation from the present

line of walls, and that more in the way of addition than of deviation.

The hypothesis, commending itself as true, by corresponding minutely with
Nehemiah^s descriptions, by tallying exactly with other Biblical references, and by
meeting all the requirements of the case, has this important practical bearing,

that it indicates the site of the roval sepulchres, of the stairs of the City of David,
of ' the gate between two walls,’ &c., and shows incontestably that Zion was the
eastern mil.

SATURDAY, SEPTEMBER 8.

The Section did not meet.
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MONDAY, SEPTEMBER 10.

The following Papers were read :

—

1,

Tunis since the French Protectorate.^

By Colonel Sir Lambert Platfair, K.C.M.G,

The system of government adopted is totally different to that of Algeria, which

may be styled * Colonisation de luxe.’ No state assistance of any kind is given, not

an immigrant has been imported, not an acre of Arab land has been confiscated,

and the whole civil charges borne by France do not exceed 6,000/. a year.

A very short time ago the interior of the country was practically a terra incog’-

nita
;
now it is being rapidly opened out to European enterprise, and it promises

soon tp rival Algeria in what must always be the principal industry of North
Africa, viticulture. * •

Commerce also has increased in a notable manner, but the beautiful and charac-

teristic arts of the country appear to be in a state of decadence.

It is impossible to speak of Tunis and be silent regarding the most eminent

Frenchman there, Cardinal Lavigerie, Archbishop of Carthage and Primate of

Africa, who, by the great work he has carried out, has earned the reputation of

ranking almost the highest amongst the prelates of his Church. He has now been

sent by the Sovereign Pontiff to preach a crusade against the nameless horrors of

the African slave trade in every capital of Europe, The Cardinal’s aim is first to

awaken the public conscience to the efiormity of the wrong which is being daily

perpetrated, and which is rapidly desolating one of the fairest portions ot the

earth’s surface, and so to prepare the way for any remedy which His Holiness may
have to suggest

;
and which, coming from him, might well be accepted by every

Christian nation in Europe, Catholic and Protestant alike.

2.

The Commercial Future of Central Africa^ By Sir Francis de Winton.

3.

Bech/uanaland and the Land of Ophir.^ By the Rev. John Mackenzie.

4.

The Transvaal, or South African Republic. By P. H. Ford.

5. The Cameroons.^ By H. H. Johnston.

6. Dr. Livingstone and Lake Bangweolo, By E. G. Ravenstein.

7. Notesfrom the Atlas Mountains. Ry Jos. Thomson.

8. Akkas and Dwarfs in Southern Morocco. By R. G. Haliburton.

9. Through Kakongo. By Q. E. DENNErr.

* Published in exteneo in the Proceedings if the Royal Geographical Society, Nov.

1888.
* Published in the Proceedings of the Royal OeograpMcM Snooty, Nov. 1888.

* Published in the Scottish Geographical Magazine, Oct. 1888.
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TUESDAY, SEPTEMBER 11.

The following Papers were read :

—

1. Photographic and Photozincographic Processes employed in the Ordnance
Survey. By Colonel J. H. Bolland, R.E.

2. Note on Geographical Terminology.^ By H. J. Mackinder, --J

3. The River of Joseph^ the Fayum and Raian Basins.

By Cope Whitehouse, M.A.

The map exhibited (scale 1 in 6(\.000) is the result of surveys made during
1887-8, under the immediate direction of the Egyptian Government. In con-
formity with instructions drawn up by Colonel Western, R.E., Director-General of
Works, Messrs. Liemnur and Beychalier, of the Public Works Department, were
occupied from November, 1887, to March, 1888. The results are in entire con-

formity with the observations heretofore presented, and demonstrate the accuracy

of the sketch-map made by Captain Surtees, and the five previous lines of levels

run by Mr, Stadler and Major Shahin in the various expeditions of Mr. Cope
Whitehouse. The area of the Raian Basin at the contour of 30 metres (high Nile)

is 686 sq. Idiom., or about 180,000 acres. Ite eastern extension—the Wadi Lulu

—

is separated from the Gharaq Basin of the Fayum by a long narrow bank of hard
clay and soft conglomerate, covered with blackish sand, 1,000 to 2,000 metres in

width. Another small basin, the Wadi Sadr, connects with the Gharaq basin at

level + 26 m., and the Raian Basin connects with the same depression at + 26 m. The
names of Lulu (the Pearl) and Sq/ir (the Sapphire) have been given to these basins,

in view of their future use as the gate, and preliminary reservoir, when the Wadi
Raian (irrigation) is filled and utilised as an escape for the Nile Flood and an im-
pounding reservoir for the season of drought. The engineering details are jsiated

in thej paper in the Engineering Section. The similarity of shape with the Lake
Moeris of the Ptolemaic maps is more fully developed. The Wadi Muellah—

a

depression in the desert to the S.E., about 30 kilometres long and 6 kilometres

wide—^is separated from the Raian Basin by sandhills and rock, at a mean level of
60 m. A narrow strip, 8 kilometres long and 1^ wide, lies about 6 metres below
high Nile. The southern extremity of the valley has no connection with the Nile

below + 100 m. It never, therefore, served as a channel for the Nile, but the dis-

tance is not sufficient to preclude a subterranean conduit.

The survey of the Fayum has not been completed, but it is hoped that contours
will be run during the coming season around the north of the lake, and the exact

height of the various ruins determined. It is now beyond cavU or dispute that the

narrow passage at el-Lahun, with its dyke about 3 kilometres long and 10 metres
high, is the only channel of communication at the level of high Nile between the
neat crevice which connects the watershed of Central Africa with the eastern

Mediterranean and these depressions. The area of the Fayum at this level may
be put at 2,600 square kilometres (1,000 square miles), and, the Rman at 68b
square kilometres (260 square miles)

;
this surface of 3,180 square kilometres

(1,260 square miles) was one vest sheet of water before the dyke at el-Lahun was
established, not later ^an n.c. 1,400. The heavy alluvial deposits of the
Fayum prove that the communication was nnintemipted fi>r a long period within
historic times. There are similar deposits in the Wadi Raian. (hrer 100 aquaxe
miles are 70 metres (200 ft.) below toe level of the Mediterranean. The bMins,
together or separately^re perfectly adapted to control the alternate flood and
drought. The Raihn oasin is, however, sufficient, and the Fayum appears to have
been fully reclaimed at a very early period, ana again, in the Roman age, astt

* Published in the Proceedings of the Royal Geographical Society, Nov. 1888.
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should he in the ^ture. There is no question that the Arabic traditions are well
founded. This is also the Pithom of the medissyal Jews and Copts, and the
Auaris-Heroonpolis of Manetho and the Seventy. It is a geographical problem of
great importance, whose solution has been largely facilitated by the minute and
accurate topography due to these protracted and laborious researches.

•

4. Mission to EUWedj, By Captain Contbrs Surtees.

El-Wedj is a port on the east coast of the Red Se|, used by the Egyptian
pilgrims returning from Medina. In 1887 Turkish troops occupied the fort which
commands the harbour. The author of this paper, temporarily seconded to the
Egyptian army, wrs sent by the Egyptian Government to report upon the genertd
condition of the region. Accompanied by an Egyptian officer and Mr. Cope White-
house, he inspected the New Fort, the Old Tlill Fort of the ninth century, the

allied gold mines, a sulphur mountain, Rovtan remains in the Wadi Hamz, rock-
hewn inscriptions, and encampments of various tribes. Photographs were exhi-

bited, and the strategic and commercial importance of the district discussed. The
^whole of Egypt in Arabia east of the Gulf of Akaba has now been formally

transferred to Turkey. The author is of the opinion that there is no auriferous

quartz in this neighbourhood, but that petroleum does exist, and that the valleye

might be occupied by a considerable population, if proper efforts were made to

encourage permanent settlements.

5.

Notes on Topographic Maps prodtLced hy the United States

Geological Survey} By G. K. Gilbert.

6.

On Pahang^ an Independent State in the Malayan Peninsula.

By W. Barrington d’Almeida.

7.

Formosa : Characteristic Traits of the Island and its Aboriginal

Inhabitants} By George Taylor.

8.

On the general adoption of the Gregorian Calendar in relation with that

of the universal hour. By Dr. C.ais. Tondini db Quarbnghi.

The Bologna Academy of Science has, by a special memoir to aU scientific

bodies represented at the festivals of their centenary in June last, lately submitted to

the consmeration of the whole scientific world the importance and ui^ency of

finally putting an epd to a rather illusory situation, as that exemplified by the fact

that the many conferences and congresses assembled for arriving at the unification

of time have hardly resulted in anything more than mere aspirations and exchange

of ideas.

The main difficulties opposing the realisation of that most important desideratum

of science are two: the want of agreement on the starting-point for fixing the

unity of time, that is, on the initial meridian^ and the want of agreement as to the

notation and subdivisions of the year—in other words, the want of agreement on

the calmdar. The question of the initial meridian belongs to Section A ;
here I

will say a few words concerning the unification of the calendar.

Let us suppose that, in compliance with the message of the President of the

XJnited States, dated January 9 last, to the Congress of Washington, steps were

actually and successfully taken to secure the execution ^f the resolutions of the

Washington Conference ;
that all Powers had already subscribed to the following

^
* Published in the Proceedings of the Royal Geographical Society

t

Nov. 1888.
*

» lUd.
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article of the conference ;

—

* The universal datf is to be a ‘tnean solar day^ is to

beginfor all the world at the moment of mean midnight of the initial meridian^ and
that they should agree to begin with that midnight which is, for us, between
December 31, 1888, and January 1, 1889. If this ^ppens, but without anything
having been said concerning the month and year according to which the first

universal day is to be dated, will that first universal day be January 1, 1889 P

or December 20, 1888 (Orthodox Calendar) ? or the 28th Rebi IL, 1806
(Mahomedan Calendar) P or the 28th of Tebeth, 6649 (Jewish Calendar)? or

the 80th of the 11th moon of the 25th year of the 76th sexagesimal cycle (Cninese

Calendar) P If the fir8t«would*be universal day is all this at the same time, it will

be anything but universal^ and so poor a result, after so many more or less

international congresses and conferences, as a day called universal, but belonging

to calendars local, national, and quite particular, and named by them, would really

suggest what a Frenchman would say :
*• Lejeu ne valait pas la chandelle.^

They make Russia responsible for the situation. One remark only. In 1872 the

Japanese Government ordered that thS Chinese Calendar should be superseded by
our common Gregorian, and the difficulties which Japan had to encounter were
certainly not inferior to those which Russia may advance

;
however the reform

was carried on in Japan without the least disturbance. Now, no one single

Russian would confess the impossibility for Russia to do what has been successfully

done by Japan. How, then, is the behaviour of Russia to be explained ? In a
reply to a communication recently read to the Paris Geographical Society on the

Chinese Calendar, General Tcheng-Ki-tong, the representative of China, gave us

the cue of the riddle. His reply was much more an excuse for the delay of Russia

than an apology for the maintenance of the Chinese Calendar. * The Gregorian

Calendar,* he said, ‘ is far from realising the idea of what science may expect.

Why, then, should we hasten to adopt a calendar which Europe will soon, in all

probability, be obliged to modify ?
’

It is this strange current rumour concerning our calendar which offers a pretext

to delays. Russian statesmen and scientific men know very well what to think of

it
;
they are, moreover, fully aware that England, who had too prominent a part in

determining Japan to adopt our calendar, would never have advised that Govern-
ment ' to adopt a calendar which Europe will soon, in all probability, be obliged to

modify.’ But ultra-Slavophiles still use that prejudice for their purposes.

Now, I have reasons for believing that Russia is far from being unwilling that

the last pretext of ultra-Slavophiles be publicly discussed, and that a strong current

of opinion should loudly call for the abolition of an incorrect calendar. I received,

at any rate, strong encouragements even from men of high position in Russia, and
a letter, bearing from its source more than a merely private character, pointed out

to me what Russia had done for the unification of the hour, thus giving me to

understand that, by supporting that unification, Russia had already taken an
indirect but mighty initiative in the correction of her calendar.

Before concluding, I beg to make a general remark. The unification of the

calendar is only possible if urged within wise limits, that is, for purposes scientific

or concerning the welfare of humanity, and in mere scienti/ic ana international

relations. Let, then, every people be at liberty to go on using, in internal >

matters, their own national calendar, provided it be a correct one. Do we not

use two calendars, the one lunar for our movable feasts and religious purpose,
and the ether solar for all other purposes P This custom indicates the line to be
taken with nations attached to their calendar chiefly from religious feelings.

In concluding, if, by }rour kind and powerful support, you were to give in

few months to the unification of the calendar, within the saia wise limitSf a stronger

impulse than the Bologna Academy of Science might be able to do in ten years,

neither I nor the said academy would feel envious, but only thankful, and would
sincerely rejoice in your well-deserved glory before the whole world.
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Section F.—ECONOMIC SCIENCE AND STATISTICS.

Peestdent of the Section—^The Right Hon. Lord Bbauwele, LL.D., F.B.S.,
f.SB.

TIIUIISDAY, SEPTEMBER G.
I

The President delivered the following’ Address :

—

It gives me great pleasure to meet you here to-day as President of this Section.

Forgive me if I trouble you with a purely personal reason—it is that my brother,

Sir Bramwell, is President of this Association. That is a great distinction,

of which he ought to be and is proud, and one in the enjoyment of which I am
proud and glad to see him.

There is another reason, not so purely personal, though somewhat so. At a
meeting of this Association nine years ago it was said—and in this Section—not
that. Political Economy was dead, but that it had never lived—that there never
was such a science. This was an awful shock to me, who for nearly two-thirds of
a century have been trying to learn something about it, and who have considered,

and do consider, that there is no branch of knowledge more important than that

of the truths of Political Economy. The argument attracted a good deal of notice,

but for my own part I confess I never understood it. It was said that Political

Economy was not an independent science, but a branch of one more extensive. It

seemed to me as bad an argument as one which should say that ornithology was
no science because it was only a part 'of natural history.

"Whether Political Economy can be classed under some title comprehending it

and other sciences, I know not. Perhaps ^ Sociology ’ would do. But, whether it

can or cannot, it is equally a science, equally a collection of truths relating to a
particular subject which constitute the knowledge of that subject.

The truth is that Political Economy is not only a science, but a necessary

science when men have formed themselves into a society. What will be the best

way to add to the wealth of a society must be a subject of study by that Mciety
which will lay down rules—^that is to say, make laws for the purpose—and this is

Political Economy. Adam Smith was not the first Political Economist, though
well called the father of those rules which now prevail. But rules for the purpose

existed before him, the great objection to them being that most of them were
wrong. There was a law that the dead should be buried in woollen. The object

was the encouragement of sheep-breeding, and the reasons given were such as

would be given nowadays in support of any proposal of protection- or bounty for the

agricultunst or grazier. Let us see. The most important of our industries is that

which works the land. It employs great capital and much labour. If people are

buried in woollen, wool will rise in price, sheep will be bred, mutton will be cheaper,

and so on. So laws were made for fixing wages—laws were made against regrating

and forestalling, which, as Adam Smith points out, were laws against providence

and thrift—^laws which would have made a criminal of Joseph, who saved in the

seven abundant years, and showed himself sounder as an economist than our

sihcestors were.

• Then think of the usury laws. All usury was thought wrong on religious
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grounds. But in Henry the Eighth’s time 10 per cent, was allowed, not because
that was right and 11 per cent, wicked, but because it was supposed that trade
would be injured if more than that percentage could be taken for interest. The
percentage has been gradually lowered till forty or fifty years ago, when sound
economical reasons prevailed, the usury laws were repealed, and now any amount
can taken. Mr. Henry George, however, of whom you may have heard, thinks

all usury wrong. He cidls himself an economist; perhaps rightly. If he is, he
is a bad one.

You cannot deny that these were economical laws because you think them
wrong. 'There are now free-traders and fair-traders—one is right, the other wrong.
I think I know which is which, but I suppose each party would call itsmf

economical, and could only be said not to be by the other because it was not right

in its notions. So also, I suppose, the homoeopathists and the allopathists are both
doctors, both professors of the science of medicine, though one at least is wrong,
perhaps both.

It may be said that all the instances I give are instances of erroneous economy.
True. The good Political Economy of those times was abstinence from legislation

—

the cases where people were not meddled with. Buckle said, very truly, that the

good done by modern legislation was the I'epeal of the old. But let us see a little

of the good that right opinions on Political Economy have brought about.

It has made the workman a free man. He may employ himself in any work
which he can get trusted to him. He may demand any wages he thinks right,

refuse to work for lees, and get all he can. He is no longer, by the mischievous

laws of settlement, almost confined to the parish where he was bom. Ho may go
to any part of the kingdom in search of work. He is no longer subject to punish-

ment for joining with his fellows to better his condition. He may combine with
them, and agree that they will, as a body, refuse to work unless their wages are

raised or other demands complied with. His doing so is no crime, provided he
does not violate the freedom and rights of others.

Then look to capital. The capitalist may employ his capital as he thinks fit

—

in home trade or foreign trade, in using it himself, in lending it to others. He
may join with others on the ordina^ terms of private partnership, or in joint

stock corporate partnership, with liability limited or unlimited, as he thinks fit.

But as to the goodness of following right economical rules, I say, * circumspice.’

Look around I They have been more studied and more followed here than any-
where else. Compare this country with any other. Look at its greatness, its

wealth, the comfort of its people, of all classes, as compared with other countries.

I do not deny our natural advantages, our mineral wealth, our admirable situation,

and, mostly, the bodily and mental condition of our people. But they would have
been comparatively wasted under bad economic laws. I may be told that the

United States of America beat us for wealth and general prosperity, as to which I

will only say that they are cultivating only their best land. We are driven to our

worst. And, further, that their best writers and reasoners support very different

economic laws from those which prevail there.

I say, then. Political Economy is as old as society, and exists of necessity,

and is most important ;
for on the goodness or badness of the rules its professors

believe in to a great extent depends the happiness of society. 1 believe its

rudiments should be taught to all, and I believe that learning them would not be
difficult.

*

For what is it when truly understood? Man has desires and wants, and
therefore a disposition to gratify them, and has also a pleasure in an active life and
in attaining ms objects. But he has also a de«ire tor repose, and his power of

work is limited, Bering these things in mind, Political Economy inquires what
are the best ways for man to attain these objects. It is not necessary that the

student shoidd master all the ingenious and elaborate definitions in which writers

on Political Economy delight. I have in my jnind a book, veir clever and very
profound, which I can’t *read. It is very subtle, but not practical, and after a few
pages I get bewildered. Value, wealth, capital, labour, currency, and other things

are refined on to weariness, in spite of t^ talent exhibited.
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It is a singular thing that another most important matter is very much dealt

with in a like way. One would suppose that any educated person would like to

have some acquaintance with the laws of his country—certainly that Englishmen
would, as they are proud of their laws, and they are responsible for them. For, if

wrong, the power to alter them is with those they rule. But a similar argument
is used—‘The law is so dry.’ I deny it. No doubt, if you have to learn how to

serve/i. writ, and how many days a defendant has before he need plead, and so on,

it is dry and wearisome enough. But if the study is not of the practice of the law,

but of its broad, general principles, it is quite otherwise. Of the four volumes

of ‘ Blackstone’s Commentaries,’ three, to my mind, are most agreeable reading.

These general principles should be taught as a part of ordinary education. So of

Political Economy—it has been called a dismal science. I never could read ten

pages of him who so called it. It has been called inhuman and unfeeling. The
same epithets might as well be applied to * Euevid’s Elements,’ or to a treatise on
baking or brewing. Indeed, much more reasonably, for Political Economy lays down
those rules which will procure the greatest aij'ount of enjoyment.

The governing precepts of Political Economy are few. In my judgment, its

one is ^Laisse&faire ’—
‘ let be.’ As M. Molinara says, ^Notre ^vangile se remme

en qmtre mots—“ Jjamez faire, laissez pdisset'" ’ Leave everyone to seek his own hap-

piness in his own way,provided he does not injure others. Govern as little as possible.

Meddle not, interfere not, any more than you can help. Trust to each man knowing
his own interest better, and pursuing it more earnestly than the law can do it

for him. I believe this maxim -will justify most of the rules that right economists

have laid down—let your people buy in the cheapest and sell in the dearest

markets. That enjoins free trade. For the trader, whether he buys at home or

abroad, seeks the cheapest market. If a duty is put on the foreign article to

protect the home producers, the trader is interfered with. The consumer is

mterfered with. The law says he shall not consume that which he can get at the

lowest price—that the producers, the capitalists, and the labourers shall not employ

their capital and labour as they would if left to themselves ; shall not produce

something they could exchange with the foreigner for something he can produce

more cheaply than they
;
shall not buy of him, and so shall lose him as a customer,

and so, not being able to employ the capital and labour on what he would take,

therefore must employ it in some other way.

I say this is one of the most important precepts of Political Economy. It is

plain and simple—a broad, intelligible principle
;
and so are all the leading truths

of economic teaching.

But it is not my intention to treat further on the science generally. One
subject, on which I wish to say a few words particularly, is Socialism. I once

said to Mr. Newmarch, known to many of ;fou as a most able man, ‘ I am
a bit of a Socialist.’ He said, ‘Yes; every right-minded man has a tendency

that way.’ Our reasons were the same. It is impossible not to have a doubt

or misgiving whether it is right that one man shomd have in an hour as many
pounds sterling as another has in a year

;
whether one man should sufier the

extreme of misery and privation, and another have every, not only necessity,

but superfluity. It is a truth hard to believe
;
but I am satisfied that it is a truth.

The great object of a society in this matter should be to make what the Americans

call we largest pile—the greatest quantity to be distributed and consumed. I do

not say that a more equal division than exists is not desirable, but 1 say that in

the attempt to bring it about by law the pile wiU be reduced. If you gave an equal

share to each, do you suppose—can anyone suppose—that each would work as hard

as he does now ? A man would know that the lazy and idle would indulge themselves

at his expense if he worked. He would feel he had a sort of right to do the same,

and he would do it. I repeat what I have said, that when men are as honest as

the bees we may have Socialism or Communism—not till then. As to the argu-

ment or assertion that all men are equal and have equal %ht8, it is untrue, and

absurdly untrue. It is equivalent to saying that all mto are equally strong,

equally industrious, equally clever. Why should not the more industrious man
be hotter off than the less industrious f No reason can be given. But, if that is
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true of industry, why is it not true of strenpfth and cleverness P Th^ ai*e natural
p^ifts, as well as the love of work. Natural rights are talked on Nonsense t

Natural rights may exist when man is in a state of nature. What they maybe, I
know not. But when man is in a social state his rights are what the law gives

him
;
and if the law is wise it will give him all he can get. Poverty and misery

shock us, but they are inevitable. They could be prevented if you could prevent

weakness, and sickness, and laziness, and stupidity, and improvidence
;
not other-

wise. To tell the weak, the lazy, and the improvident that they should not suffer

for their faults and infirmities would but encourage them to indulge in those fsults

and infirmities. If it is said that poverty and misery may exist without fault in

the sufferer, it is true. But it is but rarely that they do, and the law cannot Re-
criminate such cases. To attempt to remedy the disparity of conditions would
make the well-off poor, the poor not well off. Socialism is not good for man till

man himself is better.

Not that 1 think that Socialism would be better even then than our present

state. Nothing could compensate for« the loss of the pleasure and excitement of
struggling for the good of ourselves and of those dear to us, unless, indeed, we
could feel an equal pleasure in working for the hive. But then we should be
something different from what we are.

Private charity may be useful, not in indiscriminate pfts and doles—soup
kitchens, coals, fiannel, and clothes given to all who apply—but in careful relief,

given in no case that is not investigated and seen to be deserving of help. All
charity is mischievous which is given to those who ask merely because they aric

and say they are in want. In this way, by careful and discriminate charity, the
man of wealth with Mr. Newmarch’s socialist tendency may do good and relieve

his conscience.

But besides this Socialism—the Socialism of the streets, well so called by Mr,
Crofts, who gives a clear account of it—this Communism—there is a mi^hievous
disposition abroad which is continually urging on Parliament—and Parliament is

too ready in agreeing to—invasions of private liberty and of private property. It

is quite certain that the number of orders we are under has vastly increased. It

is very clear also that private property is not regarded with as much respect as

it was. Everything that is said or written against it is listened to with
favour. The land particularly is attacked. Mill’s * unearned increment ’ is quoted
as justifying taxation, as though, when private property in land was estabuah^,
it did not, as in reason it did, include all increment, earned or unearned. Hie
legal proposition of Mr. Joshua Williams that aU land in this country is held
of the Crown or other lord, and so the absolute property is not in the owner, is

quoted to justify taking away all property in it. hly old friend would have b^n
horrified at the ridiculous and erroneous conclusion drawn from what he said. It
is quite true. But all it means is this—that if a man dies intestate and without
heirs, his land escheats to the Crown or other lord ;

so do his horse and his watch.
We are not so bad as Mr. George, who has the audacity to suggest that land
should practically be taken from its owners without compensation—on this prin-

ciple, that their ownership was always a wrong, and they should not be compen-
sated for being stopped doing wrong. Is it credible? Two men have sav^ a
competency for their old age. One has bought railway stock, another land. Both
have trusted to the law. The one is to have his land taken from him because he
is a wrongful owner

;
the other is to keep his railway stock I This is approvednf

by some who call for the * nationalisation of the land.’ The best thing to be sfdd

in their favour is that they attach no definite idea to the words. They don’t know
w’hat they mean. <

Another remarkable instance of this attack on property in land is the desire to

tax what are called ground-rents. I think this is the resmt of want of knowing
better. A man has three pieces of land of the same size, situation, value. On one
he builds a house at a ^st of 1,000/. and lives in it on another he builds a houi^
at a cost of 1,000/. and lets it at a rack rent of 65/., putting the annual value of hie

land at 16/. ; the third he' lets to a tenant at 6/. a year for fifty years on the tenna
that the tenant lays out 1,000/. ih buUding a house. He, the landowner, givesjup
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1(W. a year because he will have the house at the end of fifty. The tenant is

willing to build the house and give it up at the end of fifty years, because for those
fifty years he will have land for 61. a year which is worth 16/. Can any human
being give a reason why any one of these three houses, or their owners and occu-
piers in respect of them, should pay more taxes or rates than any other of
them P

*

Then we have the enfranchisement of leaseholds. As you are to have a paper
read on this, I will say no more than that you do not compensate a man when you
take from him what he would rather keep as a matter of business than have what
you give him—not if it is twenty shillings for his sovereign.

I regret to say that these schemes and ide^s receive encouragement from Parlia-

ment. I was told by a gentleman, than whom there is no better authority, when the
Manchester Ship Canal Companywas unable to raise capital, that it was owing to the
distrust that existed among capitalists that their property was not safe—a distrust,

I regret to say, well justified. The water companies of London were entified to

charge according to the real annual valpj of the houses supplied. An Act was
passed at the instance of a private member that the charge should be on the rated
value, which is very commonly five-sixths of the real value. It was passed by some
who knew no better, by others who did, not without a blush

;
but it was 9,000/.

•a year loss to one company. In this last Session the following was done. If the
railway companies do not make a tariff of maximum charges satisfactory to the
Board of Trade, that Board may make one. In the Government Bill it was pro-

vided that their tariff should be ^just and reasonable.’ It was objected that mey
might think something less than their right by statute would be just and reasonable.

So it was suggested that these words should be added, * equivalent to their existing

rates.’ This was adopted. I need say nothing more in its favour than that Lord
Selboume approved it. This was in the Lords. The Commons struck out the words
* equivalent to their existing rates.’ The Lords acquiesced. The ever-ready Marquis
gave as a reason or exbuse or answer that Parliament would not adopt the new

.
rates unless they were equivalent. But why did the Commons object to the words
except to provide a power to alter the rates "to what will not be equivalent P

1 say property and freedom of action are not held in the respect they were and
ought to be. It is t6 combat this that the Liber^ and Property League has been
established, and has struggled under their able Chairman and their indefatigable

Secretary.

The following specimens of proposed interference with property and freedom of
contract may interest you :—A Bill to give everyone a right of access to mountain
or uncultivated moorland for recreation or study. A Bill that, notwithstanding

any agreement to the contrary, a tenant may obtain compensation for improvements

done against the landlord’s consent. A Bill to compel an employer to give his

servants holidays without deduction from wages. Another Bill to let a tenant

improve without and against his landlord’s consent and opinion, and against their

rement. A Bill that a colliery tenant mav, notwithstanding any agreement to

contrary^ have his lease extended if he has been imable to work owing to

depressed state of trade. A Bill that everybody may fish in rivers which are

highways or along which there is a right of passage. A Bill that property may
be taken for labourers’ dwellings without payment of compensation mr loss of

trade, profits, goodwill, &c. Another similar Bill, but one year’s profits allowed.

A Bill which may shortly be described as one to introduce into Scotland the

mischief of the Irish Land A.cts. A Bill that lessees of mines in Cornwall, rm/-

n^hstandiny any agrwment to the contrary

^

may remove buildings. A Bill giving

general right in Wales and Monmouth to go on lands for recreation, winberry

gathering, scientific inquiry, sketching, dr antiquarian research. A Bill that in

every execution against the goods of a household necessary furniture to the value

of 20/.' shall be exempt. In these cases rights of property and freedom of contract

aze violated. \
jTust one word as to Protection and'Fair Trade. I have said of * Fair Trade’

fbat it is a taking phrase; but really it is unmeaning. Does a foreign nation tax

d4ir goods for the sake of revenue P What is Aere unfair in that ? Does it do so

1888. 3 c
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l)ecause it is unwise enougli to believe in protection P is there unfair

in that P Is it unftur to sell to us and not buy ? Why P ^ere is no deception. We
will not buy of you ;

we do not compel you to sell to us. If you do, it is because it

suits you. But let us drop the words and look at the substance. If, by not buying
of the foreigner, we could make him buy of us, there might be some reason in our
refusal to buy. When a dftse of that sort is shown it will be worth considering.

Till then, if we buy of those who will not buy of us, it is because it suits us, as

they say. Why P Because we get the thing we want when otherwise we should go
without or get it dearer. Eemember, we must pay for it

;
and to pay for it we

must produce something else, which it is worth our while to make, and change for

it—^I do not mean change specifically. We deal with the world. From parts we
get gold and silver. With them, with goods, with what is owing to us, we pay
those who do and those who do not buy of us. A friend said : * Dear me, our im-

f
orts are 360,000,000/., our exports only 230,000,000/.,* or whatever was the figure.

said,
* I wish we could get them for less.* Is protection to be argued over again P

There is not a reason that can be given for it that would not be equally good for

protecting tarifis between London and Southwark.
There is one more particular subject I wish to speak on. It is certain that

the wonderful labour-saving inventions of modem times have diminished the

manual labour required by society. If the food, clothing, and habitations of
mankind are got and constructed with less labour, fewer labourers are required.

Of course, I knew the well-recognised truth that man*s wants and wishes are never
more than supplied. But everything in this world is relative, and, though every

one ii%ht like more than he has, yet his wants diminish as his havings increase.

Happily, one good result of this saving of labour has been a diminution of the

hours of work, an increase of leisure, one of the good things desired by mankind.
But there is always a risk that, if work does not increase and workmen do, the
competition among them will diminish their rewards. Another thing to be re-

membered is that our mineral wealth—certainly our coal—

h

diminishmg. Further,
that foreign competition increases ; we have taught others how to rival us. I do not
prophe^ our decadence ;

I have the greatest confidence in my countrymen. But
I do think there are considerations which should make us rejoice if our population

did not increase as fast as it has done. I am glad to think tliat the rate of increase

in the last few years has not been as great as it was former^. No doubt a great

increase of population is in one sense a cause of rejoicing. It shows a prosperous

condition of things, and adds to the strength of the State. But it inevitably tends

to a lowering of wages and a lowering of the standard of comfort in the labouring

classes. It may be, and in this coimtry has been, counteracted by other circum-
stances, but there is that tendency. 1 never sympathise with the exultation at

our increase in population compared with the French. I think it very doubtful

if they do not show more foresight and thrift than do our people. It is sad to see

the improvident marriages of boys and girls without a shilung,or a chair or table.

0^ course, it is a charming thing for a man after bis work to go to his home, find

his contort has been car^ for by an afiectionate wife, and have his children to
play with, and 1 believe that such a man is more Ukely to keep out ofmischief and
out of the public-house

;
the attraction there is less, and he feels his responsilnlii^

for those dear to him. But the home should be a comfortable one for him,' and
t^ it will not be in the case of the improvident marriages 1 mention. I do
sincerely think that they are earnestly to be deprecated, especially at the present

time, am I am glad to think they are diminishing.

1 will not trouble you further. I daresay there are many among you who do
not share my love for Political Economy. 1 have endeavoured not to weary you,
but to place b^ore you some leading principles and considerations. 1 believe and
repeat that correct opinions on the subject are most important, and that the
acquisition ofthem is neither difficult nor repulsive.
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The following Papers were read :

—

1. On Mimng Itoyallies and their effect on the Iron and Coal Industries,

By Professor W. B. Soblbt.

§ 1 . Historical,—Local customs still existing in various parts of England and
"Wal^s point to a condition of things in which extensive rights to the working of

minerals were possessed by the inhabitants of mining districts. But English law
favoured the extension of the rights of private property at the expense both of

such communal rights and the claims of tiie sovereim, till possession of the surface

became the best primd facie claim to possession of the minerals underneath^ and
the legal rngxim was adopted) Cujus est solutHf ^us est usgue ad ccelunif et demde

usque ad inferos. The same tendency to private ownership was checked or reversed

in most European countries by the Frencn Mining Law of 1791 (re-enacted in 1810),

which nationalised the minerals, and allowed of their being worked only on con-

cession from tiie State. ! ^ ^
v

.

§ 2. Descriptive.—^The exhaustion of mines by working induces the private

owner or lan^ord to charge the lessee or worker of the minerals (1) a royalty' or

tonnage-rent on the quantity of mineral removed
; (2) a fixed or certain rent, to

provide against the amount of his royalties' falling below that sum ; and, in some

cases, (8) rents for instroke or outstroke, shaft, and wayleave, also calculated on the

tonnage or royalty principle. An estimate of the amount of these rents and account

of their variations can hardly be given in an abstract.

§ 3. Iwidence of Royalties: Opinions of the Tracfe.—The following summary

may^ I think, be taken as fairly representmg the views of those engaged in the

trade who have expressed their opinions on the subject :

—

(1) That royalties, being a nxed money payment for quantity of output, are

heaviest just when trade is depressed and prices low

;

(2) That English trade is at a disadvantage in competing with foreign

countries where there is little or no royalty to pay

;

(8) That it is unfair for the landlord’s rent to remain undiminished when the

wages of workmen are being reduced, and the^ profits of the employer disappear

;

and even—a platform sentiment—that it is unjust for the landlord to claim any

share of the minerals under his land, seeing he did not put them there.

§ 4. Economic Theory of Royalties.—The theory of mine rents is usually treated

by economists as on a par with that of agricultural rents (Ricardo’s * Works,’ p. 46,

Bagehot’s * Economic Studies,’ p. 127), though attention may be drawn to the fact

that the mine is exhausted by working. Now, if the mnt of a mine is determmed

in the same way as that of a farm, rent will not enter into the price ofthe product

at all, so that its abolition would not cheapen coal and iron, but only enrich certain

Tfiining lessees, while its nationalisation would not affect the mining industry any

more than the confiscation of any equal amount of other property would. But

farm-rents and mine-rents have to be treated differentiy, owing to the fact that the

farm is not exhausted by workmanlike cultivation, whereas the mine is exhausted

by being worked. Thus, when the economist ^3^ of agricultural rent (1) that

the * worst land ’ cultivated (expenses of production on which determine the pnce

of the product) pays no rent, or (2) that the produce yielded by the last apph^cation

of capital and labour to the soil (that application which the farmer is onlv ^st

induced to make) pays no rent, the same cannot be afito^ of mines. (1)

* worst mine ’ worked does pay a rent, because it is not indifferent to the landlora

whether his property be disfigured,and a possible future source of income exhausted.

(2) The produce of the * last application ’ of capital and labour to the mme j^s

the same royalty per ton as any other portion of the yield. The thwry still holds,

that the price 01 the product is determined, in the long run, by its expense of

production in the least advantageous mrcumstances, •.«. in the * worst mine,

tbia worst mine pays a rent or royalty which therefore^nters into price. Ihis

royalty paid by the ^ worst mine* may be called the minimw/n roytdty^ and is a ^rt

of^expenses of production. Any royalty higher than this, in so far m it is higher,

dqps not affect price, but is a payment fifom tenant to landkrd for the exceptional

;|advantages of a particular mine.
3 c 2
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§ 5. Economic Theory and the Facta of Trade,—A minimum royalty, such as

the above, seems to be discoverable. The materials at my command lead me to

suppose that the minimum royalty (the smallest met with in cases sufficiently im-
portant to determine the result) is in this country about ^d, a ton for both coal and
ironstone. And, although day by day in actual trade, it is not the expenses of

production on the worst mines that hx the price, and it is rather prices that deter-

mine what mines can continue working
;
yet, in this way, the expenses of produc-

tion on the worst mines which keep going become a measure of prices: these

expenses include the minimum royalty, and the minimum royalty is thus a &ctor
in price.

^

§ 6. Effect of Eoyaltiea on International Competition.—Even 4<?. a ton on the

raw material will add considerably to the price of a product such as pig-iron—will

probably amount to about Is. %d. a ton on. Cleveland pig. Hence there is ground for

the assertion that royalties put England at a disadvantage in competing with foreign

countries. Yet there is a certain iUusoriness about the so-called’ * no-royalty *

system abroad. It is not true that royalties are entirely absent in the cases of our
great competitors, France, Germany, and Spain. (1) In these countries certain

dues are paid to the State—almost nominal in Spain, 2 per cent, of gross value of

output (of coal) in . Germany, 6 per cent, of net produce (coal or ironstone) in

France. Furthe % in certain districts of Germany, old seigneurial rights still exist,

and in France a redevance trefoncihre has to be paid to the owner of the surface.

In most cases this is of merely nominal amount, but in other cases it is a tonnage
rent, and, in some districts {e.g. the coal mines in the basin of the Loire), is as

much as ^\d, to 6^d. a ton. (2) A concession gives absolute ownership to the Con-
cessionaire, who may, and often does, sublet the working of the mines at a royalty.

For instance, the Orconera Co. pays a heavy royalty to the original concessionidre

for the famous Bilbao mines. Perhaps this subletting at a royalty is commoner in

the case of the richer mines, aud does not occur in the poor. If so, English mining
industry will be more hoa%dly burdened than continental by the excess of its

minimum royalty over the State and other dues paid abroad. Further, it is to be
noted that it is not the smaller royalties that account for the recent success of the

German iron trade, but the discovery of a process of conversion into steel which
can be applied to the German iron.

§ 7. Proposed Reforma.—The complete subversion of the present system is some-
times proposed. It could be carried out in either of two ways : either by the abolition

of mining rents and royalties, or by their nationalisation. Thelatter would enrich the

national exchequer without specially affecting mining industry
; the former would

reduce prices by the amount ofthe minimum royalty, and so stimulate demand^ and
would make a present to existing lessees of the remainder of the royalties they have
contracted for. It would thus favour the lessees of good mines at the expense
of the lessees of poor mines, and lead to a new distribution of trade (remove, for

example, the coal trade of Northumberland and Durham to South Wales). For
this reason (apart from weightier political objections) such a measure seems un-
dearable. The real grievances of our present system rather appear to be in (a) the
royalty payment remaining the same while prices fall

;
(d) the high certain

rents and the limitation of time for working ^shorts’; and (c) the tonnage
charges made for instroke and outstroke, shaft, and wayleave. In the last class of
cases the tonnage principle is out of place. The owner of a way (or of a royalty
next to a mine which ma^ not be worked by shaft) has an advantage of position

which enables him to obtam a monopoly price. There is no pretence of fairness in

the contract which exacts a penny a ton (amounting, in the ca^ referred to, to

600/. a year) for leave to draw stone under a field forty yards wide. Oonsidering

the national importance of the mininj^ industry, and the way in which it is bur-
dened by such charges. Parliamentary interference would seem as allowable here as

when it compels the sal<> of land to a railway company at a valuation. A remedy for

the two former grievanC:es might be carried through without affecting prejudimally

the interests of landlords, but it is doubtful whether anythii^ but we coercion^f
an Act fif Parliament will secure its adoption. The reforms in the royalty system
which thus seem to be called for would oe effected by a law enacting

—
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(1) that mstroke or outetroke, shaft, and wayleave rents should he granted at
a fair valuation of the land occupied or damaged, or of the injury done to the
ventilation, drainage, &c., of the mine

;

*

(2) that in all future leases

—

.(a) there should be no restriction put on the time for working shorts

;

(6) the royalty charged should be a percentage of the value of the output.

, i^o mining court would be necessary for carrying out such reforms
; nor does

there seem to be, in the defects of the present system, any sufficient reason for
transferring the assessment of royalties from private agreement to the decision of
such a court.

*

2.

The Relations Between Sliding Scales and Mconomic Theory.
By L. L. Price, See Reports, p. 523.

3.

On Wage Statistics and Tlseories. By James Mayor.

This paper (1 ) describes briefly past and current theories of wages
; (2) illus-

trates the course of wages by reference to American and English statistics;

(S) recounts the leading causes of wage fluctuations
; (4) oilers analysis of existing

method of distribution of the product
; (6) points out resulting criticism of current

theories of wages
;
and (6) attempts classiflcation of proposals for efiecting changes

in the current method of the distribution of the product among the contributories

to production.

4.

The Growth of American Industries and Wealth,

By Michael George Mulhall, F.S.S.

The development of the United States in ten principal items since 1850 has
been as follows:

—

1850 1860 1870 1880 1888
Increase

since 1850
(ix»r cent.)

Population . 100 130 167 218 270 170

Commerce . 100 214 208 477 415 315
Agriculture

.

100 162 189 2!)3 362 262

Manufactures 100 186 312 421 608 408
Wealth 100 227 369 614 780 680
Steam-power 100 226 326 527 785 686

Shipping . . . ! 100 156 161
i

1.58 174 74

BaUways . 100 340 685 1,036 1,680 1,680

Banking 100 190 470
!

795 1,018 918

Sduoation . 100 140 164 232 306 206

1

Total . .
.

1

1,000 1,976 2,940 4,770 6,288 - 6,298

The foregoing table is adcording to the census reports from 1850 to 1880, and

estimates for 1888.

In order to arrive at the working-power, we allow 300 foot-tons daily for each

male between fifteen and sixty years, 200 for each female, 3,000 for each living

horse, and 4,000 for each horse power of steam. The result is as follows :

—

Millions of foot-tons daily

1850 1880

Human . . . . . • . . . ^160 6,860
,

JSorse . . ... . . 1^990 31,090

Steam • . 6,440 33,740

Total 22,690 71,680
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At present the aggregate of energy reaches 90,000 millions of foot*tons daily,

'vrhich is more than the collective force of the United Kingdom and France.
Measuring each of tfie principal industries by the number of hands, we find the

increase as fdlows :

—

1850 1880 Increase

Agriculture 8,311,000 7,671,000 130 per cent.

Manufactures . 958,000 2,733,000 184
Trades, &c. 2,923,000* 6,988,000 140 „

i

Housekeeping . . 3,362,000 8,966,000 168 „

Total 10,564,000 26,348,000 160 „

But the increase of hands is by no means a fair measure of the growth of the
above industries. ,

1st. As regards agriculture, the grain crop rose from 867 million bushels in

1850 to 2,697 millions in 1880, an increase of 211 per cent. The production of
meat rose from two million tons to three and a half millions. The value of agri-

cultural and pastoral products rose from 213 millions sterling to 562 millions

sterling, viz. :

—

Millions sterling

1850 1880
Grain 94 293
Meat 44 88
Cotton 19 67
Sundries 66 114

Total 213 662

The a^ssed value of faimis and stock rose from 037 millions in 1850 to
2,973 millions sterling in 1880, being an average increase of 14/. per head per
annum on the mean number of persons engaged in all manner of agricultural or
pastoral pursuits.

2nd. ^ for manufactures, the value of merchandise produced rose from 212
miUions in 1850 to 1,117 millions sterling in 1880. But the values in 1880 were
artificially enhanced 25 per cent, by the protective tarifi*, and therefore the real
value in 1880 was only 893 millions sterling, showing an increase of 321 per cent.

3]^. Commerce, that is, imports and exports (not including bullion\ rose from
65 millioiu to 310 millions sterling. The shipping trade has, however, fallen away,
the American carrying power being now less than the British, whereas in 1860 it

was greatly in excess, viz. :

—

Carrying-power, Tons
Ilian II I^

United States British
1850 6,640,000 3,966,000
1886 9,820.000 22,770,000

The United States, meantime, have made great progress in railways, possessing
at present 151,0^ miles, against 9,000 in 1850.
.Banking business has multiplied tenfold, the total of banking capital and
^ * W Aon A •ift* ^ m ^

IiroBXASE OP Wealth.
This has been greater than the growth of industry, and fourimd a half times

more than the increase of population. The census returns show~-
• MiUiotia £ steiling

I860 1,484
I860 . . . ... 8,861
1870 . ... . . . . . , 5,008
1880 9,077
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The increase in thirty years averaged 268 millions sterling per annum, or 60
per cent, over the accumulations of Great Britain or France. It averaged 14/. per
worker, or 7/. per inliabitant, yearly over the whole period. Th^ accumulation of
thirty years showed

—

_ . .
Millions £

By Americans 6,230
• „ Irish settlers 471

„ German 374
„ Other „ .... .... 618

The components of this increase of wealth in thirty years, according to the
census returns, were

—

Millions £
Farms 2,036
Itailways ggl
Factorie.s 472
Houses, &c 4,104

Total . 7,693

The accumulations averaged 71. per annum per inhabitant in the decade
ending 1860, less than 6/. (4*7) in that ending 1870, and over 9/. (9'2) in that
ending 1880.

The census for 1890 will probably show a population of 66 millions, with an
aggregate energy of nearly 100,000 millions, for foot-tons daily, and an accumu-
lated wealth of 14,000 millions sterling, figures never before applicable to any
nation in the world.

.6. So'niersctshire Cider. JPy John Higgins.

Economic science cannot confer a greater benefit on the county of Somerset
than by indicating the direction in which sound scientific methods can be brought
to bear on the natural products of the district.

The old * rule of thumb ’ methods, as they are called, have grown out of the
experience and thought of generations of workers. And it not infrequently

happens that what looks like superstitious observance of old ways turns out to lie

in real accordance with the soundest science.

Economic science, with its handmaiden, recorded statistics, steps in to examine
accurately the work we do

;
to separate the sound, good rules of work from the

clumsy, irrational ones
;
to point out the course leading to real improvements

;
and

to record what has been done in these directions for our future guidance.

In the short paper submitted it is not claimed that any finished scientific

improvements in tne making and storing of cider are brought forward. The more
humble office of the writer is the description of the old-fashioned ways, of

showing improvements which the experience of years has suggested to him, and

of asldng that the attention of practised chemists and others may be brought

to bear on the cider industry of Somerset, in the hope that light, and if possible

by all means sweetness, may be thrown upon and added to our west country

beverage.

The writer shortly describes the making of cider as practised in* Somerset, its

a
ualities, the fermentation and development of aroma, its alcoholic strength, and

lie malic and acetic acids and fusel oil found in it.

The probable sources of the natural yeast cells, and methods suggested for the

cultivation of pure yeast cells on the lines indicated by Hansen of Oopenhagen and

M, Pasteur, are touched upon. ^ ^ j
The statistics of the subject can only be slightly handled, ^nce no rehable data

sexist upon which accurate calculations can be made.

It is hoped that under the new Minister of Agriculture there may be better

*data in the near future.
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6. Agricultural^ Commercial^ Indiistrialf and Banking Statistical

By> Wm. Botly, M.B,A.8.E.

Comparative statistics are given of the leading features ofindustries and interests

above mentioned, showing^he high position occupied by the United Ein^om as

compared with other nations. It is shown that the capital of the United Kingdom
employed in banking was, in 1882, 840,000,000/., or 29,000,000/. more than #tho

amount so employed by France, Germany, Austria, and Russia combined, and that

Great Britain has nearly 10 per cent, of her national wealth engaged in banking.

FRIDAY, SFPTEMRFR 7.

The following Papers were read :

—

1. An Analysis of the Current Conc^tion of State Socialism,

By Professor Henry Sidgwick, M.A.

The present tendency of opinion is towards increased interference of Govern-
ment. The resultf. of this are often lumped together and referred^ to * State-

Socialism,’ as opposed to * Individualism,’ or Laisser Faire—the principle that
‘ individuals if secured from interference can take better care of their own interests

than Government can for them.’

My present object is to distinguish different issues that are liable to be con-

founded in this opposition.

I. A great deal of recent extension of governmental interference is really

individualistic in principle
;

its aim is the more effective protection of individuals

from mischief to person or estate caused by action of other men, intentionally or

carelessly.

Most individualists recognise that it is the duty of Government to prevent this

kind of mischief
;
and it is easy to see how the progress of civilised states brings

new occasions for interfering in this way, either

(a) From new or increased dangers due to the closer massing of human
beings and the more complicated relations which development of indus-

try and civilisation bring with it ;
or

(d) Increased insight into such dangers
)
or

(c) New knowledge of possible remedies due to progress of science.

Illustration—Sanitary interference.

II. Even when Governmental interference, actual or proposed, cannot be based
on the individualistic principle, it does not necessarily imply a denial of the propc**

sition that ‘ the individual is the. best guardian of his own interest ’
;
but only of

the quite different proposition that * the common welfare is best attained by each
seeking his own interest intelligently.’

This latter proposition I hold to be largely true
;
but there are many exceptional

cases, as I pointed out two years ago at Birmingham

—

e.g.

:

(1) Where the individual cannot adequately appropriate and sell the utility he
might render to society

;
or

(2) Where the process of sale is wasteful of time and labour
;
or

(3) Where a business tends to become a monopoly, since a monopolist may
often get better pay for less service

; or

(4) Where uniformity of action or inaction is specially important.

Much of the actual industrial intervention of Government is justified on one or
other of these grounds

—

e.g. regulation of forests, fisheries, management of con-
veyance and communicatido, currency, provision of gas and water.

Is all this to be trailed socialistic,*when its aim is to benefit the community aa^

a whole, not ono class at the expense of another P Oertainly * Socialistic ’ is often

understood to imply a design ot benefiting the poor at the expense of the rich. >
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1

No doubt much expenditure of public funds in modern states has apparently
this latter object

—

e.g. on education and poor relief.

III. Here, however, the distinction is important between

(1) Taking A’s products to supply B’s needs

;

(2) Equalising opportunities of productive labdiir

—

e.g. by State-aided

education.

This latter is defendble on individualistic principles as rather increasing than
diminishing stimulus to self-help. Still, it is urged, this equalisation costs money*
A’s products have to be taken to enable B to produce more, and this is contrary to
natural justice. But it is fair to answer that on the principle of individualism,,

it is only the appropriation of the results of labour, not of natural resources, that
is absolutely justifiable

j
and that, by the actual appropriation of natural resources

—

however practically inevitable—the propertied, classes have diminished the oppor-
tunities of the unpropertied to an extent that justifies a demand for compensation

\

and that State-aid to education, emigration, &c., regarded as an attempt to give

this compensation, is not anti-individualistic if the taxation it involves does not

seriously diminish the inducements to labour and thrift of the persons taxed.

IV. Public poor relief must be admitted to be socialistic incase (1), though
its bad eifects are materially reduced by the workhouse system.

Here, again, a distinction seems needed in comparing compulsory poor rates

with compulsory insurance. It is disputed which interferes most with the liberty

of the individual. Perhaps we may say that the latter involves greater politick

interference, the former greater economic interference.

2. TUe Transition to Social Democracy. By G. Bernard Shaw.

iNTRODUCTORr.

The Mediaeval Order of custom and rule. Its disablement by the growth of

commerce and by the industrial revolution. Modern Political Economy and the

abandonment of industry to competition. Discovery of the nature of economic

rent. Modern Socialism. The practical transition involved in its adoption. The
political conditions of that transition. Democracy the complement of Socialism,

oocial Democracy. Agitation for effecting a change at once by violence. Practical

necessity for a gradual bansition.

Progress op the Transition tip to the Present Time.

Starting-point—^the Beform Bill of 1832 and the abolition of the old Poor Law.
The resultant social pressure. Its effects—the Incorne Tax and the Factory Acta.

Free Trade and Emigration. The gold discoveries and the period of prosperity.

The pressure relieved. Apparent successes of ‘ self-help,’ and collapse of Social-

Democratic agitation. The Reform Bill of 1867. Successes of State enterprise

—

the Post Office and the Education Act. End of the period of prosperity and

return of the pressure. Revival of Socialism.

'The Future.

Completion of the Transition.

Starting-point—the Reform Bill of 1884. The remaining practical steps to the

consummation of Democracy—(1) to perfect the constitution of the Democratic

State ; (2) to adapt its macmnery to the organisation ofindustry. Why these steps

will be taken. The agitation for the mumcipalisation of urban rents. Imporai-

bility of permanently resisting it. Its reinforcement by the Land Nationalisation

movement and the demand for a Progressive Income Tax. The weak point in

these schemes. State organisation of industry inseparable from State custody ot

^t. The pomt at which this will begin—^the JigMing^int of the transition.,

^ect of exportation of capital on the labour market. The unemployed and the

locftl authonties. The extension of municipal enterprite to general industry. Its
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methods of ac(|uiring capital, land, ordinar^r labour, and managerial ability.

Economic reaction of these methods. Municipal advantages in com^tition,
extending even to the destruction of rents both of land and ability. Gradual
extinction of the proprietary class. Relation of the municipalities to the central

government. ConsunuAation of Social Democracy.

#

3. The Tendency of Gompetition io result in Monopoly,

By Professor Poxwell.

4. A^ociative Economics applied to Colonisation. By W. L. Rees.

The question of emigration is daily becoming more important to Great
Britain.

The yearly increase of her population and the serious diminution in the num-
bers of labourers employed in agriculture, as well as the severe competition of
foreign manufactures, render it necessary that some provision should be made to

transplant the unemployed to the Colonies for the purpose of settlement upon the

waste lands.

In olden times migration took place either by nations or by communities. In
the Middle Ages by communities only, which system, under the name of S|)ecial

settlements, has been largely practised till the present time, although indmdual
emigration has in modem days become greatly predominant. The large maionty
of those to whom emigration is now necessary are unable thus to leave the United
Kingdom by reason of poverty. They are also imwilling by reason of fear of the

sea and the unknown land, and of being obliged to recommence life among strangers

without any certainty of help or success.

They are for the most part unfit also
;
they do not possess the energy, courage,

aptitude, and self-reliance necessary to make successful colonists, such as belonged
to the earlier and bolder men who have raised new Englands in the outlying parts

of the empire.

Nor are the circumstances which surround immipants in these days so favour-

able to individual settlement as of old. The available land near the harbours and
centres of population is all gone. Employment is not so plentiful as in earlier

days, and the operation of our present economic laws is causing the reproduction

to some extent in most of the Colonies of the difficulties which harass older

countries.

The only method of colonisation likely to be successful is the associative or co-

operative metiiod, by associations register^ under the Joint Stock Companies Act,
in which the capitalist, the labourer or producer, and the consumer or purchaser
should be joined together as partners:

—

The capitalist to receive a moderate interestand a share of profits and increased

values

;

The labourer, including all employed by the association, to receive wages or
sala^ and a share ofthe profits and increased values

;

CQiMiimer or punmaser to receive his goods and a share of the profits and
Increased values.

The capital would be secured upon the property, and expended in making it

productive, and therefore of value.
Production to be on a large scale, and markets secured, either through the co-

operative bodies now existing or others formed upon the same lines.

Going in comnanies to a certain destination upon certain and constant employ-
ment, only depen^nt utou good behaviour, and with a certainty of sharing m
I^fits, the future wou]4 look bright enough, and hope would give fresh life and

§ «

This plan of colonisation would oM many avenues for the utilisation of idle
lands by Idle labour; would relieve the ratepayers from much, if not all^ of the
poor-rates ; would increase commerce, strengthen me Colonies, produce fresh wealth.
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give a practical imperial federation, and point out a practical ^stemof co-operation
betweeii Capital and Labour which might ultimately confer safety and comfort
upon ciyilised society.

5. On the Statistics of Examination.^

, By Professor F. Y. Edgeworth, M.A., F.8.8.

The object of paper is to estimate the error incident to a large aggregate of
marks at a competitive examination in several subjects. Error is dehned as devia-
tion from that Mean towards which the average marking of numerous competent
critics would tend.

Among the sources of error are : 1. The fact that there is a minimum seimbile

in our perception of denee of merit. The idiosyncrasy or personal equation of
the examiner affecting (1) particular answers, (2) the scale of marks in any subject.

III. The negligence of examiners.
The extent of the several errors is estimated by means of statistical data. Com-

pounding the items according to the rules of the Calculus, the writer finds a
‘probable error ^ of 2 per cent, (corresponding to a possible error of more than

6 p^ cent.) in the aggregate of marks according to which candidates are classed at

an examination of a kind now x)revalent.

That is the error in axipreciating the work done at the examination. A further

error is incurred in taking that work as a sample of the candidate’s real proficiency.

Upon a certain mechanical hypothesis, a part of this latter error can be estimated by
the Calculus of Probabilities. Adding this error to the previous account, we may
infer that the number of candidates displaced—that is, not obtaining a prize

when they ought, or obtaining one when they ought not—is likely to be about 30
out of a total of 1,000 examined.

The following recommendations are based on statistical grounds
: (1) The order

of merit within the Honours Class should be abandoned whenever the difference

^tween the marks of the discriminated candidates is less than the ^ probable error’

incident to those figures. (2) It might be expedient that the examiners should at

first scrutinise only half the answers of each candidate, wherever the purpose of the

examination would be subserved by obtaining a rough preliminary indication of the

order of merit. (3) In order that the importance assigned to each subject may be

free from accidental oscillation, it would be allowable to assume that the average

proficiency of a large number of candidates in any subject is, from year to year, con-

stant (just as the average height is)
;
and, therefore, that the mean of the marks in

that subject should be the same every year. If the average of the marks given to a

number of candidates by any examiner differ from the figure which may have been

prescribed for the mean, those marks should be reduced to the normal scale. The
practice of basing the standard upon the answering of the most proficient^ can-

mdate b objectionable. (4) For a certiun purpose it naight be theoretically

desirable to combine the marks in different subjects, not by simple addition, but by
taking their geometrical mean.

S^iTCrUDAY, SEPTEMBER 8.

The following Papers were read :

—

1. The Bevenne System of the United States,^ By Albert Shaw, BhJD.

The United States enters upon the current fiscal year with an interest-bearing

debt reduced below ^1,000,000,000. In 1865 the bondeddebt was approximately

jrs,400,000,000. sixty per cent, of the principal has beefl wiped out, and 75 per

» Publbhed In ewtemo in the Jowmat ofthe Royal StatisHeal Sooietyt Sept. 1888.

Published in the ContsmyoraTy RovioWi Nov. 1888.
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cent, of the yearly interest-charge has disaj^peared. The rapid debt payment has
now been brought to a halt by the cancellation of all matured obligations and the
high premiums commanded by the outstanding bonds, about one-fourth of which
become payable at the Government’s option in 1S91, while the remainder do not /

mhture uhtU 1907.

Before the war the U.S. Government was depending upon customs’ duties for

its revenue. Fluctuations of trade subjected the public income to incon'eanient

variations, and the need of a second principal source of income was obvious. The
heavy cost of the Civil War compelled the creation of an elaborate system of

internal taxation—^including excise, incofne, stamp, banking, and other taxes. The
outgoings of the four war years aggregated ;^3,360,000,000. Current revenues con-
tributed about 1^730,000,000 towards this sum, of which the larger half came
from the internal taxes. After the war the unpopular income-tax was abolished,

and by gradual remissions the internal revenue system’ was reduced to the
proportions of an excise-tax upon spirits, tobacco, and fermented liquors, which
produces nearly two-thirds as much revenue as is derived from the customs.

The annual surplus income exceeds ,^100,000,000. In the fiscal year 1886-7
there were called in and cancelled ,^125,000,000 of matured bonds, drawing

3 per cent, interest. Less than ,$^34,000,000 of this class of bonds remained
to be paid in the year 1887-8. They were soon extinguished, and the country
was embarrasseu by the accumulation in the Treasury of large sums of the

circulation medium. The stringency was relieved by the deposit of Government'
funds with banks throughout the country, and by the purchase on public account
in open market, at high premiums, of about ,^46,000,000 of the unmatured
bonds, half of them being bought at an average price of more than 125.

It is agreed that the volume of revenue ought to be reduced at once. This
would be an easy thing to accomplish if advantage were not taken of the situation

by those desiring to force a reform of the revenue system. The reduction of
surplus revenue should be accomplished first upon a plan that would secure unani-

mous consent. Then the question of tariff and revenue reform could be properly

taken up. The current discussion is likely to end in a measure that will merely
reduce revenue without affecting the essential character of the revenue system.

The Federal Government is to be regarded as practically restricted to indirect

sources of taxation, other sources being in the bands of the States and municipal
corporations. The main dependence for revenue must continue to be a tariff upon
imports. Good financiering also requires the maintenance of the excise system as

a supplemental source of income.
There seems little reason to believe that in arranging the tarifis of the future

the protection principle will be abandoned, however much the existin^^ duties may
be reAised and modified. The pending Mills’ Bill places a few articles, chiefly

crude materials for manufactures, upon the free list, and reduces the average rate

of duty upon the remaining articles of the tariff-list from about 47 per cent, to
about 42 per cent.—^by no means a revolutionary proposal.

The tariff should be revised by an impartial, permanent Commission, acting in

the light of information to be supplied by exhaustive and thoroughly scientific

statistical inquiries. Until such investigations are made, the real operation and
effect of the American system, whether as a system of taxation or as a system of
protection, can only be a matter of opinion and assertion

;
it cannot be a matter of

demonstration.

2 . On the BisIHhuiion of the Licences proposed to he transferred in aid of
Local Expenditure, By R. H. Inglis Palobavb, F.8.8,

This paper is based on the statements respecting the licences dealt with by the

Local Government Bill of this year conttunea in the Memorandum, dated June 21,

1888, prepared by the il^cal Government Board. The licences referred to were
those on publicans and all other licences for retailing beer, spirits, wine, &c., apd
also those on carriages, male servants, armorial bearings, &c.

The licences on game dealers, tobacco dealers, appraisers, auctioneers, house
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agents, pawnbrokers and plate dealers, which are also stated in the Memorandum,
are not included in the tables given in this paper, as it was not possible to apportion
them in a satisfactory way between the two heads of expenditure which are the
subject of the present investigation.

The Author has taken the amounts raised under the two general heads mentioned
above, in each of the^ municipal boroughs and counties of cities included in the
statement—all of which, with the exception of York, Exeter, Lincoln, Chester,
Gloucester, Worcester, and Canterbury, had populations exceeding 60,000 at the
last Census. These places were forty-ninp in number. In the case of one. West
Ham, the investigation could not be carried out in the same manner as the others,

as the published returns do not supply the value of the assessment.

The method of investigation followed in the paper is to compare the amounts
raised by the two different descriptions pf licences, which may roughly be taken to
indicate the expenditure of the working classes and of the wealthier classes of the
population respectively, both with the nun bers of the population by whom it is

presumed these duties are paid, and with the wealth of each place as indicated by
the assessment value—the object desired being to ascertain whether the incidence

of these duties is in any way uniformly distributed over the country. The facts,

as indicated by the tables annexed to the paper, indicate that this is far from being
the case.

Thus, taking the maximum amount contributed by the publicans’ licences, in

proportion to population, in the place where these duties are the heaviest, namely,

Nottingham, at 100 ;
the minimum, in the place where they are the lightest, namely,

Wolverhampton, is 26. The same results, nearly, are shown when these duties

are compared with the assessable value. Taking the maximum, in Norwich, also

at 100, the minimum, in Salford, is 24.

The results of the carriage, &c., licences are even more unequal, comparing
these in the same manner with the population, and the maximum, in Worcester,

at 100, the minimum, at South Shields, is 2. Comparing these same duties with
the assessable value, and taking the maximum, at Chester, at 100, the minimum,
at Salford, is 7.

The inference which may be drawn from this inquiry is, that the incidence

of these taxes is far from being uniform over the whole of the country, and
the advisability of further investigation into the question of the incidence of

taxation becomes obvious. The amounts dealt with in the present paper are, com-
paratively speaking, small, and a wider inquiry is desirable.

«

8 . The Standard, or Basis, of Taxation. By Clair J, Grece, LLJ),

The thesis to be upholden is that neither capital nor income, but expenditure

—

that is to say, destructive expenditure—is the right standard, or basis, for fiscal

computation, and the abstract of the memoir was as follows :

—

The contributions of the various members of the State to its burdens, or

charges, must be unequal. This fact is apparent from the inequality of the means

and resomrces of the contributories, and is, indeed, implied in the very term taxa--

ti<m, or assessment ;
for, were the contributions all alike, it would be a payment,

but it could not properly be called a tax. From this palpable inequality of

resources in the contributories has probably proceeded the common and erroneous

opinion, to which even the clear and penetrating mind of Adam Smith would

appear to have yielded, that the contributions should be proportional to the m^ns
or resources of the contributories. Combined with this opinion another principle

has been industriously at work, that many members of society are in the possession

of means largely in excess of their rational needs, and that this excess may be

legitimately arawn upon for the purposes of the State, a principle which finds its

expression nowadays in the demand for graduated impests upon succ^ions and

npon incomes. But the principle to be established is that, in apportioning the

burdens of the State among the contributories’ rights, the diversity and the

inequality of means and resources should be disregarded' as impertinent. The
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proper principle is that each cordrUmtoty should give to the State in the proportion

tn whuM he receives from the State ;
and this proportion is not, as would at the

first aspect appear just, to be calculated ^ther upon the still Jluid meansy or

incomes, of the contributories, or upon their means soUdiJied^ and stored up as

capital. What the citizen receives from the State is thA fruition^ or enjoyment, of

bis means or resources under the State’s guarantee
;
but the perception or income,

whether in the shape of wages, of profit, or of rent, is not its fruitionf or enjoy-

ment. To illustrate the meaning, let us reduce the problem to its simplest terms,

and suppose two members only of a political society, and that the labour of both

is equally valuable, which means that their contributions to the aggregate of the

means of enjoyment are equal. Let one, A, consume as fast as he produces, while
the other, B, forbears from consuming a moiety. A has imder the State guarantee

double the fruition that B has. The burden of proof now lies upon whosoever
should assert that their contributions to the State burdens should be alike. It

would perhaps be maintained that, notwithstanding the actual inequalities of

fruition, the potential, or facultative, .fruition of both was equal, that it was open
to B to consume^ and by consumption to enjoy equally with A. But, through the

abstinence of B, another party, C, comes upon the scehe. B by his abstinence has
afforded the means of enjoyment to C ;

and 0, too, is a member of the political

society, and should therefore be a contributory to its burdens. But if the whole
contribution to the State had alreadj- been rendered by A and B, 0 would escape

the burden altogether. This is tlie reductio ad abmrdum of the taxation of

income. The taxation of destructive expenditure—that is, of consumption—entails

no absurdity ; but A, whose production and consumption equal eacli other
;
B,

whose production exceeds his consumption ; and C, whomwe may treat abstractedly

as a pure consumer, all contribute in the proportion of their fniition or enjoyment
under the State guarantee.

But, if the contributions to the State ought not to be measured by the incomes
of the respective contributories, still less should they be graduated according to

their accumulated capitals. Capital is deposited, or solidified, income. Its end is

the generation of enlarged fluent income
;
and income, whether ori^al, that is,

generated by labour alone, or derivative, that is, generated by lalK)ur in con-
junction with capital, is not the end^ but the means to the end^ the end being ever

the fruition, or orjoyment, in the eventual expenditure of the income. By intro-

ducing capital we import another term, but a term which, in the order of causation,

precedes income, as income precedes consumption, or fruition. The order is

(a) capital, (6) income, (c) expenditure, (rf) consumption or fruition. By imposing
a tax upon income you strike in the wrong place

;
but by taxing capital you strike

still further from the mark. Only by assessing taxation upon consumption—that
is, upon the destructive expenditure% the memlwrs of the political society—do you
collect the contributions from the parties who ought to contribute, and in their due
proportions. That the characters which have been assigned severally to A, B, and O
may be filled in successive acts of the drama of society by the same persons, .or by
persons succeeding to the same rights, makes no difference to the argument. The
frugal B may be followed by a spendthrift, heir, who dissipates B’s accumulations.
The spendthrift would then, under a properly adjusted scheme of taxation, become
the contributory to the State charges in the proportion of his fruition, or of his
destructive expenditure.

The State machine is not concerned to promote or foster either accumulation
or expenditure. Accumulation means, virtually, enjoyment postponed, or deferred

;

while consumption is enjoyment in act
;
and the functmn of the State is to

guarantee the enjoyment and to maintain its neutrality between the present, br
actual, and the postponed, or deferred. But it is only by assessing its burdens in
the proportion of the destructive expenditure of the members of the political society
that it maintains^ its neutrality. By taxing income it imposes equal burdens upon
A the spendthrift and ^ the accumulator, unduly strengthening ^e motives
actuating A, and equally unduly weakening those actuating B—^tliat is to sa^
encouraging present at the cost of deferred enjoyment

; whereas, by taxing A andB
according to their consumption or destructive expenditure, A contributes in the pra>>
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portion of his fruition under the State guarantee, B also in the proportion of his,
and 0, the postponed or deferred enjoyer, contributes his quota, when the stage of
enjoyment is reached.

4. The Suitability of Small Towns for Factory Tndustries,
By Russell R. Tanneb.

Thd limitations of the paper.

I. The
^
Employer's Position.—Among the disadvantages are : Inability to

suddenly increase the staff and so mee^ unexpected or urgent r^uirements.
Distance prevents so close a watch on the pidse of the marl^t. The cost of
carriage a constant drain on profits. There is a tendency to get behind the times
and miss opportunities and improvements. To correct this, constant watch-
fulness needed. Among the advantages are : The considerable value* of a man’s
personal integrity as a negotiable article. Low rents and wages and the conse-
quent reduction in the cost of production aiu'. warehousing. Less temptation to
speculate on rising or falling prices and censequent freedom from anxiety and
worry. The deviations in prices smaller, and the mental strain attending both
rises and falls in prices less marked. Greater influence over employ^. A more
serious thing to lose a situation from bad conduct in a small town. Better
discipline can be maintained, and consequently more work done.

II. The Employes Position .—^The so-called disadvantage of lower wages a
chimera. Real wages compared with nominal wages.. Allotments, decrease of
illness. Longer working capacity taken into account. Other advantages are

:

Working rooms more healthy. House rents low, so that everyone can afford

a house. Temptations less powerful. Less liability to loss of situation, hands
being hard to replace, short hours are worked by preference.

HI. Advantages Common to All.—Improved health, consequent increase in

earning power. Classes less sharply divided
;
great benefits result from this. The

standara of living lower. The constant travelling avoided. Recreations more
rational. Life carried on at a lower pressure. Increase of neighbourly feeling.

Example more potent for good, less potent for evil. Increased self-respect.

Conclusion.

3IONDAY, SEPTEMBER 10.

The following Reports and Papers were read :

—

1. Second Report of the Committee on the method of ascertaining and
measuring Variations in the Value of the Monetary Standard.—See
Reports, p. 181.

2. Index Numbers as illustrating the Progressive Exports of British Pro^

duce and Manufactures. By Stephen Bourne, F.S.S.

—

See Reports,

p. 536. <

3. Report of the Committee on the Statistical Bata available for determining

the amount of the^Preciovs Metals in use as Money in the Principal

OountrieSj the chief forms in which the Money is employed, and the

amount any>ually used in the See Reports, p. 219.

4,

An Examination into the Reasons of the Price of Wheat Rising or Falling

contemporaneously with the Variation in the Vqfue of Foreign Our-

Tencies. By VI. J. Harris, F.S.S. •

'This paper commences with a preamble demonstrating the effect on prices and

preductionm a hypothetical case ofa new country being discc^vered with iron as its
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precious metal and wheat as its most easily-produced article of export. Mr.
Harris attempts to show that, if the coinage m such a country were open to all

comers, the cost of wheat to an importing country like England (which*has an un-
limited supply of iron at a very small cost of production) would be very little be-
yond the freight and insurance. He argues that in such a case the merchants
would have an enormous profit, and that the effect produced would be a rise of
price, and consequently a great impulse to production of wheat in the new country,
and a gradual fall in the price ofwheat in England until no other exporting country
could afford to compete.

He points out, hcAvever, that if the coinage of the iron were restricted by the
Government of the new country, and, in fact, kept in the hands of that Government,
the main part of the profit on export would remain in the hands of the new
coimtiy, and that the exchange of commodities would only take place to the extent
of the actual requirements of the people, thereby limiting the growth of wheat toi

what they would require in other gooas and to the amount of fresh coinage which
the Government might allow. c

Following this hypothetical preamble, Mr. Harris compares the circumstances
of the United States, where the Government keeps coinage entirely in its own
hands, and those of India, where the coinage and the consequent inflation of cur-
rency is open to all. He arrives at the conclusion that there is a real premium on
production in India to the extent of the fall in valqo of silver, whereas there.exists

no such premium in the United States. Then, taking the case of Russia, a paper
currency country, he attempts to show that she has superior chances of production
as compared with India. In fact, that so much as the paper rouble is depreciated
beyond the price of its silver representation, so great is the premium to the grower
of Russian wheat over and above any premium which the Indian grower may en-
joy. The paper leads to the conclusion that any important legislation which raised

the value of silver would in no way necessarily affect the value of the Russian
currency, whereas it would affect the value of the Indian rupee, and that we might
see the trade of India to a large extent transferred to Russia and other countries

where the currencies were independent of the value of metals with an unvarying
mercantile value.

5. The Effects on Indian Exports of the Fall in the Gold Price of Silver.

By L. C. Peobvn.

The paper states that the gold price of silver has fallen from 60^d. in 1871 to

42d. an ounce at the present time, and alludes to the encouragement thus said to

have been given to the competition of Indian with English produce and manufac-
tures. It is then shown that the great flow of silver to India, and the general rise

in silver prices, which Mr. Bagehot and others predicted would result from a fall in

silver, and which they thought would give a great stimulus to the Indian export

trade, have not occurred. The exports of the 18 years between April 1, 1870,
and March 81, 1888, are then examined, two tables being prepared showing the

figures of the first and last years of the period, and the increases and decreases

in the quantities and values of the 13 principal articles of export in each of the

intervening years. It is first shown that the actual increase in values is not
so great as m the 17 years preceding 1870-71, though a much higher average
annual increase might have been expected. An examination is then made of the

growth of the total value of the trade during each five ftnsecutive years, which
shows that the greatest growths have occurred in periods Of comparative steadiness

in the price of silver. The principal articles are then examined in detail, and no
indication is found that the exports of cotton, seeds, rice, jute, hides, indigo and
•oofi'ee have l^en stimulated by the fall in silver.

The views of Mr. Barbour, Mr. O’Oonor, and Mr. Waterfield are then briefly

stated, and the author’s^isagreement on some points shortly described. The paper

then examines in detail the circumstances of the export trade of wheat, tea, cotton

-twist, piece goods, and gunny-bags. While attributing the development of the

wheat trade m a great measure to the extension of Indian railways, and the oheup
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ocean freights, the author disagrees with the contention that the price of wheat has
b^en reduced in Europe by appreciation of gold alone, and thinks that it has been
in brought about by the competition of Indian wheat* which was rendered
jk^ble by the favourable circumstances detailed, but which received a fresh

stimulus from the fall in the gold value of silver. He ascribes the development of
the t^a trade to the^ favourable circumstanoes in which this industry is placed in
India, and to the stimulus given to it by the high gold prices formerly ruling, and
thinks that the only effect of the fall in the gold value of silver on it has been to

enable the industry to be carried on at the low prices which have resulted from
increased production and Chinese competition, and which would otherwise have
been unremunerative. While admitting the advantageous conditions which attend
the manufacture in India of cotton twist and piece goods and gunny-bags, he
explains why he considers these exports have received a stimulus from the fall in

the gold value of silver. He then states his general conclusions that, though the
export of certain articles has been stimulated, 'he export trade of India has not on
the whole benefited by the fall in the gold value of silver.

6. On StatigramSf with some suggestions for Greater Uniformity in

Comparative Graphics, By the Rev. J. P. Hetes, M.A.^ F.C.Sk, F.li.0'.8.

1. The word diagram is very loosely used. It is best confined to mathematical
and physical science. It is proposed' to use the word statigram (first put forward
in the author’s letter in * Nature ’ foi; 1886, p. 697 ) when graphical statistics of the

ustml ^proximate and varying values are being given.

\ The word graphs lx)th as a noun and a verb, will be found conveniently short

and explicit. Thus a page of figures may be graphedf and the resulting graph or

graphs '^ill exhibit a line or curve giving maximum information with minimum
trouble. ' These graphs are now becoming well known and popular. They are not

necessarily curves

^

so this latter word may thus be given a more restricted and
suitable use. As part of the wider science of Graphics the whole subject is named
Statigraphy. A

3. It would be convenient to agree upon the use of^he co-ordinates. The hori-

zontal line, as far os possible, should, for instance, mark years in preference to the

vertical one. In this way the marriage graph for the last ten years wpuld be seen

to fall in a way corresponding to the diminished rate.

4. It would be convenient to agree to use, whenever possible, ^rajoAjt>«f/>er (ruled

faintly in small squares), with the co-ordinates marked at standard distanceSf bslj

either inch or ^ cm. The half-centimetre distance is much to be preferred, and*
would, if regularly adopted in international statistics, facilitate comparisons and
tend to preivent mistakes. It is also convenient for printed books. In any case the

metric system is preferable.

6. In the study of so complex subjects as Geosophy and Sociology all small

suggestions which are likely to help are worthy of consideration. These names and
the propos^ uniformity would, it is believed, help the advancement of science,,

especially with those who are not mathematicians.

7. Reasons for a Quinquennial Census,

By Q, B. Longstaff, M,A^ M»B., F,B,C,P.

In order to expedite the publication of the results of the census of 1891, as'

much of the work as possible would be done beforehand ; to facilitate this the Bill

should be introduced into Parliament in 1889.

The census should be the work of a permanent censds sub-department of the

General Register Office, which, when not occupied in taking the quinquennial census,

vi^ould be greatly reduced in numbers
;
the small permanent stalF would, in the in-

tervalB, supply all estimates of populations and make special io^iries for Royal
Commissions, Select Committees, and Government departments. The work would

1888. 3 d
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thus be better done, and the regular operations of the General Eegister Office would
not be interfered with as at present.

A census is taken every five years by France and Germany, by Queensland

and New Zealand. The rapid growth of population in this country and the

acknowledged dependence oi representation upon population demand that we
should have more frequent, and therefore more exact, information.

^

For instance, the New Local Government Act makes several towns * county

boroughs’ on the assumption that on June 1, 1888, they had populations of

upwards of 60,000, whereas it is impossible to say, with any approach to certainty,

wliat their populations really were on that day.

The recent inquiry into the immigration of foreign paupers into England to a
great extent failed, owing to the want of information less than seven years old.

An exact knowledge of the population is mainly useful as a basis for the calcu-

lation of birth-rates and death-rates. In England much money is expended on the

calculation and publication of these in the various reports of the Registrar-General

and the Medical Officers of Health. Tliese reports are of great value in impressing

the need of sanitary improvements on the people and the sanitary authorities, but

they lose much of their value from the uncertainty as to the basis upon which such

statistics must be built, viz., an exact knowledge of the population. Experience
has proved that t! e official estimates and the census numbers often differ by 10 per

cent, in either direction, and sometimes by 15 or even 2*2 per cent. The Reristrar-

General himself is ceasing to put any trust in the official estimates of populations,

as shown by recent weekly and quarterly reports.

There is reason to believe that, mainly owing to unusually large emigration, the

population of the whole United Kingdom was, in April, 1886, or five years after

the census, between 400,000 and 500,000 less than the official estimate ; an error

of 1^ per cent. ;
in smaller areas the errors are often, proportionately to the whole,

very much greater.

These errors in the estimation of the population may involve an error of two or

three per thousand in the death-rate, so that elaborate calculations made with a
view of correcting errors due to differences in age and sex, and constitution of the

population, are thrown aws^.
The cost of a census being 123.000/., it would not be a great burden upon such

a rich country to take one every five years instead of every ten.

The author, therefore, urged the British Association to press upon the Govern-
ment, by memorial or deputation, the desirability of forming a permanent census

sub-department, and taking a census every five years.

TUESDAY, SEPTEMBER 11.

The following Papers and Report were read :

—

1 . Leasehold Enfranchisement.
By Charles Harrison.

The author submits this paper on * Leasehold Enfranchisement ’ in view of the
vital importance which, he considers, the subject bears in relation to the social and
economic problems involved in the grave questions of the * Housing of the Working
Classes,’ and the reform of the existing Land I^aws ; and also in view of the many
misconceptions entertained by certain sections of the public as to the proposed
enfranchisement of leaseholds, being neither more nor less than a communistic
violation of freedom of contract, and a socialistic confiscation of the rights of pro-
perty in private ownership.

The importance of the questions discussed by the author can scarcely he rated

too high
; it is demonstrated by the fact that a committee of the House of Com-

mons appointed to inquire into the question of Town Holdings in all its various
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branches has sat through three consecutive sessions, taking evidence from all parts

of the kingdom, and that its labours are still unended.
The author has traced the origin and growth of the system of granting leasehold

interests in land through successive stages of legal histoiw
;
the cause and effect of the

^straining Statutes of Elizabeth
;
and he has shown that practically the whole of

the land on which the metropolis has been developed was formerly held by the

OroVn, by bodies ecclesiastic and corporate, or by a few of the great historical
• families, and that it was all but impossible for any private person to acquire a free-

hold interest in land either in London or its immediate vicinity, prior to the nine-

teenth century. He argues that as the land was in the hands of these monopolists
who could and did dictate such terms as they thought fit, the population, as it in-

creased, was bound to submit to them, and that therefore there could not have been
any freedom of contract between contrac^^ing parties. Ergo, as there has not been
any freedom of contract in the development of the leasehold system, there cannot
be any communistic violation of freedom of t >ntract in abolishing it.

The author also deals with the pernicitons eflect of Private Bill Legislation on
property in London, and regards it as one of the main factors in the growth of the
present short leasehold system in and around the metropolis.

He points out that between 1700 and 1750 twenty-one separate private Acts of
Parliament were passed conferring leasing powers on owners of land in and around
the metropolis

;
and that between 1750 and 1800 no less than fifty-eight further

private’ estate Acts were passed for the same purpose. These Acts were obtained
without any discussion as to their public policy. Areas of land, sometimes larger

than the old City of London, were dealt with by a single private Act of Parlia-

ment
;
and by this means Parliament enabled tenants for life to deal with settled

property in a way unauthorised by the original settlements. Formerly tenants for

life could not lease for longer terms than twenty-one years
;
and it was even con-

sidered waste to pull down a house, however ruinous its condition might be, for

the purposes of improving or rebuilding it, and no tenant for life had power to do
so. In like manner, the bishops and prebends went to Parliament and obtained
powers to lease their property, and thus helped to build up the London leasehold

system.

The author contrasts the disadvantages of this system of leasing land with the

advantages of the freehold fee-farm and chief-rent systems customary in Bath and
Bristol and the great majority of towns throughout England, and he says that

what is good for all England must be good for the metropolis.

He states the machinery proposed to be put in motion for the enfranchisement
of leaseholds, and explains that full compensation is to be paid to the ground land-

lord for the reversion dependent on the expiration of the lease. The 12 and 13
Viet. c. 106 (Ireland) conferred upon lessees the right of acquiring the fee-simple

of the property leased by them, provided the lease is perpetually renewable. The
Conveyancing Act of 1881 gives power to a tenant to purchase the reversion where
no money rent is reserved

;
and in the same way it is proposed by the Leaseholds

Enfranchisement Bill to gfive power to a tenant to purchase the reversion where a
money rent is reserved, proviaed the tenant has an unexpired term of a certain

number of years.

The author strongly denounces the evils and hardships of the London leasehold

system, and advocates the freehold system as being the most perfect of all known
systems of land tenure; or, in the alternative, the fee-farm or rent-charge system,

such as is now, and has been for centuries past, customary in the city of Bath and
the adjoining city of Bristol.

2. Report of the Committee for continuing the Inquiries relating to the

Teaching of Science in Elementary Schools.—See Reports, p. 164.
%

3. The Industrial Education of Women abroad a^id at home.

By B. J. Watherston.

3 n 2



772 KEPORT—1888,

4. IrishwomerC8 Industries, By Miss Hblen Blackburn.

The industries at present existing amongst women in Ireland are eminently

cottage industries. Cottage industries, not requiring large capital, are peculiarly

fitted to the condition of the country ;
moreover, they suit the tastes of tne people

and the scattered nature of their dwellings. Ireland, therefore, presents a specially

favourable field for such industries ;
but to preserx'e those already existing, and to

develop them further, much is needed in the way of skilled direction and organi-
’

sation of trade arrangements. '

The years of the famine of 184(5-48 first drew public attention in any marked
degree to the capacities of Irishwomen’s fingers, and the results the needle pro-

duced in those calamitous days were truly astonishing. Of the numerous centres

of work then organised, many have long wholly disappeared, while of those that

remain the most firmly established are in the North, where the work is in tho
bands of large commercial firms, and thus secure of a permanent market.

It is true that in Belfast, the chief' factory town of Ireland, the majority of
women workers are employed in the mills, while box-making and tobacco factories^

and a few other lesser industries, employ some ; nevertheless, of the 4,000 women
estimated to be employed in shirt and collar making, a quarter are estimated to

do the work at home, and in and round Londonderry, which is the centre of tho
shirt-making trade, a larger proportion. Hemstitching handkerchiefs is stated

to employ 20,000 women, and these, together with numbers employed in sewed
muslin and embroidery, bring work into every cottage over tho greater part of
Ulster.

But in the rest of Ireland the centres now at work are too dependent on private

effort. They have mostly been started since the years of distress of 1880-81 ;
thus^

to name a few, tho knitting industries of Valencia Island, Athea, and the Rosses
were started in 1880, 1880, and 1881. The revival going forward in the lace-

work of Munster dates from the Cork Exhibition of 1880, when the Convent Lace
Schools awoke to the necessity of improvement in design, and the revival mani-
fested itself with marked success in the renaissance of Limerick lace. The revival

of pillow lace-making in Mayo; the Clonmel Industrial Association
;
the straw

bottle-envelope factory in Galway
;
and the Association for Promoting Silk Culti-

vation in the South of Ireland,—all have arisen within the last four vears.

To tell of what has been done is to remind ourselves of how much more is

needed to be done to make these openings of lasting duration. The efforts already

made by various ladies have overcome some of the initial difficulties, chief of
which is the lack of precision and punctuality. These ladies have set the women
on the way to habits of industry and cleanliness

;
but tho numbers employed must

remain comparatively few until the industries thus laboriously started are made
independent of the precariousness of private endeavour. For this they need per-

manent teaching power, organised channels of distribution, means of knowing how
to adapt their work to the demands of the market, as well as how to get it there.

Nor do these needs apply only to the cottage centres. The jute and brush
factories of Galway, which already employ many women—partlv in the factory,

partly in work done at home—might employ more. Glove-making, once a well-

marked skilled trade for women in Ireland, is susceptible of revival
;
jam-making,

DOW on the increase, is a trade in which women are chiefly employed, and which
brings with it the correlative industry of fruit-growing. The cottagers of the wilds
of Galway are beginning to find out that there is an outside demand for the home-
spun, home-dyed flannels characteristic of the district.

The new City of Dublin Technical Schools admit women, so does the Belfast

School of Science and Technology. The Munster Dairy School in Cork and the
Glasnevin Dairy School, co. Dublin, are doing good work. But these are not enough

;

they may teach teacher8,*but classes are wanted everywhere. Here the movement
towards technical teachmg in the convent schools is worthy of note

;
nothing can

better show that there is a healthy movement at work than the wav in whi^ thb
Convmts of the Sisters of Mercy are beginning to start cookery and dairy classes*

Ilie importance of this may be realised when we reflect that there is not a town
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of any size in Ireland in wbich these earnest and enerp^etic women have not a
school.

Even in respect to butter-making, the capabilities of the country have never
been properly drawn out, much less in the cultivation of early poultry, early
•flowers, and early vegetables. Rapid transit once arranged, an immense and
unsuspected amount of produce now running to waste might be utilised, and garden
ground now idle turned to profit.

_ ^
We often hear ofthe hopelessness of cottage work as against machinery, but the

iron hand can never come up with the skilled hand of nerve and muscle in taste,
delicacy, and variety of workmanship.* The three urgent needs of Ireland to-day,
to enable its domestic industries to flourish, are :

—

1. Technical teaching power, for the exercise of w'hicli surplus workhouses and
convent schools afford facilities.

2. Organised means of distribution, such as the Home Industries’ Association
in Dublin is endeavouring to establish.

8.

Arrangements for rapid transit of p..;rishable produce. These three points
demand the careful consideration of all who wish to see possibilities of home
industry opened out to Irishwomen of every rank and degree.

5. Education : a Chapter of Economics. By T. W. Dunn, M.A.

1. There are no technical schools in Bath. The educational work does not
differ from that of most places. Need here, as elsewhere, of ladders to help pro-
mising boys frorn primary to secondary schools. The' bearing of such an arrange-
ment on economics. * Tools to the hands of him that can use them.’

^
2. The subject is General—the Influence of Education on the Production of

^’^ealth. The Theory of Education is still in the stage of discussion in which
inquirers differ.

8. Of the elements of production, labour, or the labourer, alone directly
concerned.

r » f j

4. Wider sense of labour :
‘ hands,’ * managers.’

^

6. Tendency to undue subordination of general to technical education. Mis-
chievous consequence in schools and in industries.

6. What the labourer has in common wdth other labourers is due to general,
what he has in difference to technical, training.

7. Industrial organisation upon what labourers have in common. First
« man, then a workman.

8. Illustration. Fishermen, single and co-operative.
9. How far increase of production due to improved character and skill. Vast

improvement to be expected from good faith in workmen and a sense of common
interest.

10. Men of science propound lopsided theories of education. Philosopher or
man of general culture alone to legislate.

11. Ohildren work for work’s sake, or play', boys work in order that they may
work, or leat'n

;
men work that they may get, or produce.

12. Primary schools teach assiduity, or patient peraistence in routine and mutual
concession or the social faculty. Immense value of these qualities. These schools
repress energy and are unfavourable to the artistic spirit. Play, or work for its

own sake, and the spirit of play in learning, alone teaches the passion for excel-

lence. This is* seen in the fine arts. Hence the importance attached to organised
^ames in secondary schools. Hence, too, the radical unfitness of utilitarian sub-
jects for education and the necessity of distinguishing between teducation and
apprenticeship. Digging and gymnastics, land surveying and mathematics.
* Commercial certificates.’ ,

13. The sciences as subjects of school education. I^anguage and literature the
reservoir of traditional and accumulative culture and .knowledge, as well as the
.instrument and cement of social organisation and co-operation.

14. Industrial order, a picnic from which we all tend to draw out only what we
put in.
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6 . L*organisation et la siatistique de Venseignement technique secondaire en
Italic. By SigDor Bonghi.

Je regrette, messieurs, do devoir vous communiquer cea quelques notes sur

Torganisation et la statistlque de Tenseignement technique secondaire en Italie

dans une langue (][ui n'est ni la votre ni la mieune
;
mais j’y suis forc^, ne sachant paa

prononcer assez bien la votre, et la mienne n'dtant pas assez g^u^ralement comprise.

Mais puisqu’il en est ainsi, je n’aurai garde de trop compter sur votre patience
;
et

je me limiterai a toucher seulement les points les plus importants de mon sujet,

pour que vous ayez une juste id4e de I’^Stat de cette partie de I’instruction pub-
lique dans mon pays, et je laissemi de c6t<S tout ce qui peut s’y rattacher dans I’en-

seignement ^l^mentaire et dans Tenseignement supi^rieur, ainsi que les institute

nautiques.

L’id^e d’^crire sur ce sujet le m^moire, dont j’extrais les notes que je vous lis,

m’est venue Tann^e pass^e en assistant a IManchester aux conferences et discussions

de la section economique de cette Associqtion. On y a beaucoup parle d’instruction

technique, et dans cette occasion I’ltalie a dte tres souvent citee par les orateurs,

qui reprochaient au gouvemement anglais de n’avoir rien fait jusqu'4 present pour
I’instruction technique, ni en forme de subside ni en forme d’organisation obligatoire

d’ecoles appropriees comme il a pourtant feit pour I’instruction eldmentaire. On
paraissait croire que ce qui manquait ici se trouvat en Italie parfaitement organise

et ddvelopp^. Or, ceci n est pas tout k fait vrai.

Nous avons en Italie un code d’instruction publique qui date de 1869. II n’a

pas discut6 et votd par les chambres, mais con^u et public par le ministere dii

temps qui en avait eu ou croyait d*eu avoir eu le pouvoir. Or, dans ce code on regie

llnstruction qu’on y appelle technique, comme les autres. On y dtablit que I’instruc-

tion technique soit donnde dans une ^cole technique—1*' degr6—et dans un institut

technique—2** degrd, et aux deux degf^s en trois ans. La d^pense en est partag^e

en diffdrentes proportions entre I’Etat, la commune et la province
;
et le gouverne-

ment a le droit de fonder rune ou I’autre de ces institutions scolastiques dans les

communes qui se trouvent en certaines conditions. La loi, pourtant, n’a pas 6t6

parfaitement exdcut^e, par des raisons que je dois omettre ici
;
et le fait est, qu’il

y a actuellement en Italie 141 ^coles techniques gouvernementales, avec 13 mille

dleves presque, et 49 institute gouverneraentaux avec 6,600 dleve^. Mais en
outre il y a 102 ^coles techniques communales avec 8,400 sieves, et 18 instituts

provinciaux avec 1,200 Aleves. Ce sont des dcoles ou des instituts que les com-
munes ou les provinces soutieunent A leurs frais, sans y etre obligees par la loi. Je
donne les chifires de 1886-87, car il n’y a pas de statistique plus rdcente.

Ainsi il paraitrait qu’on soit fondd h croire que Torganisation de I’instruction

technique est parfaitement d^velopp^e en Italie, et que les orateurs qui en
proposaient I’exemple au gouvemement anglais avaient parfaitement raison. Main
au contraire le fait e^jt, que la loi de 1869, qui a ^tabli les institutions dont je viens

de vous parler, a appel6 technique une instruction qui ne Test pas, et qui ne
e’appelle ainsi ni chez vous ni partout ailleurs. L’instruction quelle a appelde

technique est plutot une instruction professionnelle, si vous voulez appeler ainsi une
instruction qui n’est pas classique, c’est-h-dire qui n’apprend ni le grec ni le latin,

qui met h, leur place deux langages modernes, et qui a pour but de fournir des
aptitudes et des connaissances n^cessaires a tons ceux qui veulent ou doivent se

contenter d’emplois ou de professions de moindre valeur et importance que celles

auxqueUes on arrive par les dtudes supdrieures ou universitaires. Ce but nous le

trouvons a present tree imparfaitement attaint par les deux institutions de la loi de
1869 ; et rien ne nous parait plus urgent que de les transformer.

Ainsi quant i ces deux institutions, nous ne pouvons etre proposes pour modMe.
L’instruction que nous appelons technique ne m^rite ce nom qu’exceptionnellement

dans un ti4.s petit nombre d'instituts, ou une des sections dans lesquelles les

institute se partagent s’est <advelopp4e dans un sens vraiment technique. Pour tout

le reste, I’instruction que la loi a appelde technique n’est qu’une instruction pro-^

fessionnelle qui ne nous parait pas a nous-memes assez bonne ou utilement"

distribute.
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L’^cole et I’institut, dent je vous ai parl^, sont gouvern^s par le ministere de
rinstruction publique, mais pendant un certain temps e’est le ministere de Tagriculture
et du commerce qui les a gouvern^s. Le changement de dependence vous prouve ce
que je viens de vous dire sur leur caract^re. Parce qu’elles se nommaient techniques,

le ministere de Ta^iculture et du commerce les reclamait
;
parce qu’au fond elles ne

le sont pas, le ministere de I’instruction publique les a reprises. Une fois que le

ministere de I’agriculture et du commerce en a 6t4 priv6, il a d^velopp^, plus

vigoureusement qu’il n’avait fait jusqu’alors, un enseignement qui est vraiment
technique en dehors de T^cole et de I'institut, improprement ainsi dits. Si Ton
croyait pourtant que la distinction de somp^tence entre les deux minist^res soit

tout ^ lait claire et parfaite, et qu'il n’arnve pas qu’il 7 ait des doubles emplois
dans les creations scolastiques de Tun et de I’autre, on se tromperait. Je crois que,
dans I’interet du budget et d’une organisation simple et forte, il vaut mieux que
tout ce qui est instruction publique, de qu^'lque genre que ce soit, jusqu’ou on croit

n^cessaire que I’Etat s’en mele, d^pende d’un seul ministere. C’est ce que m’a
appris Texpirience de mou pays.

En attendant, voici comment le ministere de I’agriculture et du commerce a
d^velopp^ une instruction vraiment technique. Il en distingue trois sortes:

rinstruction agricole, instruction d’arts et metiers, I’instruction d’art appliqu^ a
rindustrie.

Seulement la premiere est rdgl^e par une loi, tres r6cente d’aiUeurs, car ello

date de 1885.

Cette loi 4tablit trois genres d’dcoles agricoles : ^coles pratiques g^n^rales, ecoles

pratiques spCciales et stations agraires. Dans les dernieres on n’enseigne pas : le

mrecteur exp^rimente, essaye, ^tudie, donne des conseils. Dans les Ecoles pratiques

on apprend ou la science et Tart de la cultivation de la terre en g^n^ral ou surtout

la science et Tart d’une culture particuliere. Le gouvernement peut en 6tablir une
par province. L’ltalie pourrait en avoir 74: elle en a 27, mais pas toutes sur le

meme type ni du meme cout. Le nombre des Aleves qui les ont frdquent^es dans

I’annde 1886-87, et qui vivent la plupart dans des colleges annexes 4 I’^cole, n’a

f

)as surpass^ le millier. La d^pense de I’^cole et du college est partag^e entre

’Etat, la commune et la province.

Passons aux 4coles d’arts et metiers et d’art appliqud a I’industrie. Elles ne
sont pas r^gl^es par une loi, commo je viens de le dire. Le gouvernement en a

prdsentd une, mais elle n’a pas votde et ne sera pas votdo de sit6t. Jusqu’a

present ces 4coles ont cr4^es par acte du pouvoir ex^entif, r^sultat ou de la

J

)en86e meme du ministre ou de I’influence d’un membre du parlement ou de
’initiative de quelques citoyens. Le parlement s’y est associ^ en accordant dans

le vote annuel du budget les sommes que le gouvernement, par une convention

avec la commune ou la province ou l’6cole se fondait, avait mises 4 sa charge.

De cette maniere on a jusqu’^ present fondtS en Italic 144 Ecoles de diffbrents

types et denominations, et ayant pour objet ditlbrents arts, avec des cours de jour

ou de soir, pour hommes et pour femmes. Elles sont frdquentees par presque

20,000 el^ves. On fonde de pareilles dcoles tous les ans
;
ainsi le nombre en va

toujours augment ant.

Ces dcoles, qui out dtd fonddes en diffdrents temps, mais toutes depuis trop peu

de temps pour en apprdcier les bienfaits, ont pourtant dh exercer quelque influence

dans ce rdveil des industries artistiques qui s^est vu en Italic pendant les dernieres

quinze anndes, et que vous avez pu apprdcier et vous avez apjjrdcid avec tant de

bienveillance k I’Exposition Italienno a Londres. Mais il faut ajouter que ce rdveil

est dfl aussi en grande partie an rdveil national, par lequel chaque citoyen italien

et par consdquence chaque ouvrier a senti renaitredans son esprit le gout de I’ancien

art de son pays, et diminuer le goflt de I’imitation d’lm art dtranger, surtout do

I’art fran9tus. L’ouvrier italien s’est trouvd plus hautement, plus profonddm«uit

inspird par I’art exquis, dune si supreme dldgance et puretd, du quinzieme et du

seizidme sidcle. Le ddveloppement de I’dcole technique a dtd plutot I’eflet que la

source de ce mouvement ;
mais certainement elle I’a aidd*et elle I’aide. O’est tout

tie qu’on peut ou doit en attendre.
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7. Agricultural Education, By Professor James Long.

Agricultural prosperity will return with the advance of agricultural education.

The farmer’s son of to-day trained at a commercial school.

The son of the Continental farmer has a choice of numerous agricultural schools

of different grades.

The agricultural classes deficient in their knowledge of the principles of

agriculture.
^

•*

Admitted that agricultural education requires State aid: what does the present

system do under the Science and Art Department P

6,67

S

students at 332 schools.

4,206 students examined and 3,683 passed, earning a grant of 3,123/.

The three years’ course for the associateship chiefly includes a knowledge of

certain sciences—chemistry, physics, astronomy, biology, geology, mineralogy,

mechanics—the agricultural course only coming in one term of the third year.

Astonishment of the authorities that only one student has attempted to

take it. ,,

In the last year, eight teachers had attended the thirty-eight weeks* course, and
thirty-one the three weeks’ course, at a cost of 907/.

Suggestion as to a central normal school and farm.

The children in rural schools to have the option of two extra subjects, of
which agriculture should be one.

In particular districts special subjects applicable to those districts should be

more fully taught, such as dairying, fruit-growing, hop-growing, bee-keeping.

Subjects under the head of agriculture, taught at the rural schools, should be
most comprehensive, although elementary.

Weekly night-schools for the pupils who have left the rural schools.

Free scholarships to district schools of agriculture.

Establishment of five district agricultural schools for England and Wales.
Each to have, in addition, a special course ; two for dairying, one for horticulture

(including fruit-growing and preserving, and market gardening) ; one for biology

and botany, and one for forestry.

Free scholarships from the district to the central agricultural school.

E.vhibitions from the central school, to enable students to travel abroad.

Travelling lecturers.

8. Economy in Education and in Writing. By Eizak Pitman,

A million pounds yearly are wasted by the present method of teaching reading
in our elementary schools, which might be saved by the use of phonetic reading
books

;
and a hundred million hours yearly are wasted in writing by those who

speak the English language.
There are five million children in the common schools of the country. Their

first occupation is to learn to read, and they spend, at the lowest reckoning, eight
hours per week in gaining a certain amount or reading power during the first four
years of their school life. An equal degree of proficiency might be gained by using
phonetically printed books during the first two years’ schooling, and by reaaing in
tne mesent books afterwards.

IFe annual cost of our elementary schools is five million pounds. The propor-
tion of this sum spent in teaching rending is a little more than one-third. From
seven to ten hours, according to the Education Code, are r^uired to be thus occu-
pied out of a total attendance of twenty hours per week. Say that on an average
eight hours per week are devoted to reading. The cost of teaching reading alone
to these five million children is, therefore, two million pounds. One half of this
sum would be saved by the use of an alphabet containing a letter for each sound
in the language. As re^ug is now taught, the sound or pronunciation of every
word has to be learned independently of the names of the letters that compose it $

and generally in spite of the names or sounds of the letters. But by the use of
letters that make up the sound of a word certiunty and celerity in the art of
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reading take the place of doubt and difficulty
; and what is now an irksome’ task

to both teacher and pu^il would become a delightful pastime.
Our present style ot writing is * cumbersome in the last degree, and unworthy

of these days of invention.’ By the use of ;^onetic shorthand the time spent in

writing is reduced to one-fourth, and the wnting is as legible as longhand. On a
very moderate computation there are a million persons out of the hundred millions

who qpeak the English language that occupy, on an average, one hour a day in

writing, or three hundred hours in the working days of a year. This amounts
to three hundred million hours in the course of a year. Three-fourths, or say

one-third, of this time would be saved* by the use of shorthand. Reckoning
twelve hours as a working day, above twenty-seven thousand years are annually

lost to the world by our slow and tedious method of writing.

The phonetic alphabet for teaching reading and the shorthand alphabet were
then exhibited.

WEDNESDAY, SEPTEMBER 12.

The following Papers were read :

—

1. 27te Malthusian Theory. By Edwin Chadwick, G.B.

When Malthus WTote his book on the ‘ Pressure of Population on the Means of
Subsistence,’ the population of England was ten millions, and in the manufacturing
districts the wages were low, and the prices of provisions were high. Take Lanca-
shire: the wages given at the commencement of the cotton manufactures were not
more than five shillings per head of the cotton mill w'orkers, man, woman, and child

;

that is to say, if there were three workers in a cottage, the aggregate wages they
received were not more than fifteen shillings per week. In agriculture, in Scot-

land, Adam Smith states that the wages for adult workers at that period were
eightpence a day. The wages now in Lancashire average seventeen shillings per

head of the mill workers, and in a cottage of three—man, woman, and child—the

wages may amount to 21. 10«. per week. The agricultural wages in the highly

cultivated districts in Scotland are now about 1/. per week for the man, 6a. for the

woman, and 4a. for the boy, besides a good cottage and other advantages. Now it

may be stated as an economical principle, that the fact of an artisan being em-
ployed at wages denotes that over and above his own means of subsistence, he
earns enough to yield a profit to the capitalist who employs him, and the continued

advance iof wages denotes a continued diminution of the pressure of that population

on the means of subsistence. And this has been going on, as in Lancashire, with
the increasing introduction of labour-saving machinery.

A': the beginning of the century, the spinning of a pound of cotton cost !«. ;
it

now costs jd., and there is now paid the highest amount of wages with the

lowest cost of production of any in Europe. The population in Lancashire has

increased from half a million to three millions and a half, and it is going on in-

crsasing; whilst the death rate has been considerably reduced. A Cabinet

Piinister is reported to have stated in a recent speech : * The vast questions con-

nected with population have to be considered. It is growing at a rate which I do

not like to cite, but you know Professor Huxley’s estimate. Are we taking

measures to deal with that population in an intelligent and far'Sighted way ? 1

venture to think that we are taking very few precautions, if any. And when ^ou.

come to think what that question of population involves, you must see that it is

one which will force itself on our attention in a very unmistakable way before

long. In the first place, it forces on us the great question of the land of this

country, which remains limited, while the population kno\\^ no limit to expansion.’

This quietly assumes the limited cost of production, and the limited amount of the

{

irdduction. Sir Robert Kane, in his work on the ^ Industrial Resources of Ire-

and,’ declares that the cultivable land of that country is capable of a^threefold
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production greater than is now obtained from it, but that the landlords of Ireland
are ^nerallj incompetent from want of skill to obtain it by labour-saving
machinery. In England, it is in evidence that the labour-saving machinery in
use in ^iculture is not so productive by one-half, as the like machinery in use in
the^ United States. And yet in England, the yield, say, of wheat, is double what
it is in France or in Germany, and according to the examinations of the late
Mr. Jenkins, the owner of land in petite culture works twice as hard fpr this
reduced produce and for half the wages of a well-paid labourer in England. In
Germany, the produce of every sort is one-half what it is in England. In
England, however, more than half the ‘land that would be largely improved for
profitable production by drainage, is as yet undrained. Of the possible augmen-
tation of production in England by high culture it may be stated, that whilst the
common production is as one, the ihigh production of market garden culture is as
three and a half, whilst the liquefied manure culture, as set forth by De Candolle
as the futiure of agriculture, by giving food and water at the same time, is as ‘five.

And yet in the metropolis, prepared ^lan8 for the distribution of fresh sewage have
been set aside, and the fresh sewage which would yield the milk of 200,000 cows,
is thrown into the river Thames in a condition of putridity, to its gross pollution.

It may be mentioned as an incident in analogy with tne course of population
in Lancashire, that in Norfolk, where the greatest amount of labour-saving
machinery has j ot been introduced, the agricultural population appears rather to
have increased.

Now, in regard to the doctrine of the assumed natural check of pestilence to
increa.se of population. In the investigation on the subject of Poor Law Relief, I
found that in the healthy agricultural districts the intervals of births, where the
mothers suckled their own children, was about two years, and that where there
was a family of eight children, the eldest vrould be sixteen years of age, the second
fourteen, and the third twelve, capable of earning their own subsistence. In the
depressed districts, on the other hand—the slums of the metropolis, more heavily
ravaged by epidemics—the intervals of births were only one year, the conceptions
taking place immediately after each birth. Extended experience shows that,
except in such extraordinary pestilences ns the Black Death, ordinary pestilences
do not diminish population, but only leave it weakened. This may be exemplified
from India and elsewhere. As health and the duration of life is advanced, the
proportion of births appears to be rather diminished, as with the w’dl- to-do classes.
To sum up, it is shown that where wages increase, the pressure of population on
the means of subsistence is diminished

;
that, instead of the cost of the production

of land being fixed, it is generally reducible largely by science and machinery,
whilst the amount of produce may be everywhere augmented, and that mostly iii

the regions ofpetite culture
; that, instead of pestilence being the natural checK to

population, it does not diminish that pressure, but serves to weaken population and
diminish its productive power, and increase the pressure of population on the
means of subsistence.

I cannot descry the limits of a further advance of prosperity in this country
with a further increase of population. I expect it will be found with a fifth or a
fourth more of population. And then as to external relief. It is declared by a
French authority that only one-sixth part is yet inhabited of the cultivable parts
of the world. Mr. Justice Cunningham declares that in India * there are still 79
millions of cultivable acres not utilised, and the rate of produce might be increased
so as to provide for an additional population of 400 millions.’ Mr. Bence Jones
succeeded to an estate in Ireland when the wages were 8d. a day and the rental
10s. an acre. lie advanced the wages to 2s. a day, and the valued rental to 40s.
^r acre, and was proceeding to advance still further at the time of his death.
But scarcely an instance was known of a similar advance in all Ireland. In
France and Germany a similar augmentation of production is proved to be prac»
ticable.

2. Dairy Industry, By Geobqe Gibbons.
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3 . Amendments founded on Experiences submitted for the Local

Government Bill, By Edwin Chadwick, G.B,

,
Extended Functions of the County Councils.—In great part the local administra-

tions of all sorts are now occupied by members who are concerned in contracts

for supplies. If the Committee on the Poor Law Relief had been carried further,

this might have been shown in evidence. Dr. MouaY might have been called

aS' a witness, and he would have shown, in respect to the supplies for the
metropolis, that he had examined them, twice, and he might have given in

tables showing the extraordinary variations in the prices of supplies, and have
given reasons for the conclusion that these variations were mainly variations

in jobbing commonly at the expense of qualities. Of the children under the
administration of the poor-law, only one-third are in the large district schools

;

two-thirds of them are 'kept under an inferior administration in the union
houses/where they are mixed up and made f ‘miliar with the ways of old and
depraved paupers. But the consents of the guardians are necessary to the

creation of the superior district establishments freed from such influences, and
that are more economical as well as superior in results. It is perfectly well

known that the refusal to the formation of the district institutions is based on the

intorest in the retention of the patronage of supplies. To counteract this, and
also for superior economy, it is proposed as an amendment that the County Boards
should be charged with the exclusive power of making contracts for supplies of

provisions and materials for the whole of the public institutions within the

county. This would give the benefit of a superior intendence, better qualities of
supplies, and the economy of wholesale prices. It would give a means of dis-

tributing employment in the diflerent institutions—clothing in one, bakeries, &c.,

in others. The superior administration in Paris, where the whole of the supplies

for the hospitals and other public institutions are under one intendence, and well

organised intendence, may serve as a contrast with the conditions found by
Dr. Mount, and flagrantly displayed in the divers vestries of London. But this

provision, shifting the contracts, would largely influence the new local adminis-

trations throughout the country. It would tend to clear them eftectively of the

jobbing interests, and to give a new and pure start to the new local administration.

Bemedies against Jobbing Appointments.—One great vice of the present local

administration is the inveterate habit of jobbing the appointments. This is in

distinct contravention of early principles of securities provided in poor-law

administration against this evil, but which have extensively fallen through.

The remedy available for the local appointments is the principle of testing them
by competitive examinations, and this remedy is now sought to be introduced

in the United States. It has there been applied to about one-fifth of the public

appointments, and has worked so well that it is contended for general applica-

tion. The Honourable Mr. Seth I.(Ow, late Mayor of Brooklyn, states that it has

been applied there not only to policemen, but to labourers who are officially

employed. The extension of the practice to high officers is now being con-

tended for in France as a remedy for the great pplitical corruption there. An
example of the application of the principle may be taken from the County
Grand Juries of Ireland. At Dublin competitive examinations are conducted by
the Scientific Board of Works, and on any vacancjj^ occurring in the county

aarveyorships some half-dozen of the leading competitors are presented to the

grand juries for their choice of one. A scientific administration is thus secured for

the roads of Ireland. Field-Marshal Sir John Burgoyne, who served there, has

shown that, under this administration, there is a saving at least of one horse out

•of five, as compared with the roads as commonly administered in England. In

Irelana the cost of maintaining the superior road is 201. a mile per annum. In

England the cost of the main road per annum is as much ^s 88/. per mile, with

the exception of some parts where a consolidation bas been efiected by Mr. Thomas
Codrington, the scienufic Inspector of the Local Government Boara. It is sub-

mitted as an amendment that with the exception of those who have already

undergone competitive examination, such as the Royal En^neers and« others.
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future local appointments sliall be made from successful competitors in examina-
tions by the Civil Service Commissioners for the Empire.

Reduction of Electoral Expenses.—As the Local Government Bill now stands,

with the procedure for the elections at polling-booths, the same as in the boroughs,

it will frequently involve expenses as great as those of elections to Parliament,

and will exclude many fitting candidates. The results at the elections by the

polls for the School Board of Ijondon have been such as to exclude tbe most
fitting specialists in education, and to admit grossly ignorant and ill-qualified

persons. The expense to the ratepayers of this system, which gives the returns

generally to minorities and to ignorance *or to jobbery, it will be found, would
suffice to defray the expenses of a superior board of specialists giving their undivided

and constant attention in harmony with the latest improved educational prin-

ciples, whose value would receive general recognition from Parliament as well as

from the public at large.

Out of 1,398 contested elections for guardians which took place in 1874^-76, it

appeared from a return to the Hou^ of Lords that there were only seven com-
plaints, scarcely more than 1 per cent, of the electors, of which four of the com-
plaints were adjudged to be well founded. On comparison of these results with
the election of members of Parliament, the complaints of false returns on account
of bribery, corruption, or intimidation at each aissolution were upwards of 20 per

cent, of the elections, and it was notorious that they would have been far more
numerous but for the enormous expense of prosecuting the petitions. In the case

of the house-to-houM collection of votes the petitions are made and examined and
determined gratis. It is assumed that the ballot is incompatible with the house-

to-house collection of voting papers. This is a fallacy. House-to-house collections

of ballots for candidates are practised by charitable associations. An open
envelope containing a balloting paper is transmitted by post to the elector, who
takes out the paper, marks his candidate, returns the paper into the envelope,

closes it, and sends it back to the returning officer under some safe method, which
might be by postal delivery and collection under securities of registered letters.

Let it be considered wnat is the practice of elections in the great civil business

of the country
;
what would be their stability if, as in political life, they were

made dependent on the decisions of the hundreds who may be got to meetings, as

against the thousands who cannot be got to attend tliem, but whose voices are

brought to the poll by the house-to-house collection of votes as proxies. The
plurality of voting is objected to, but, in respect to landed property, the fact is

omitted to be observ'ed that on the average two-thirds of rent represents capital

in buildings, steadings, roads, hedges, &c. Now where is any objection raised to

plurality of votes proportioned to holdings of shares in all commercial institutions ?

it is proposed that at all events candidates shall be allowed to call for a pre-
liminary test ballot as by way of a show of hands, or by show of collected papers,
to be distributed by the post, in such form as the Local Government shall regulate,
containing a balloting paper, such as are in use by private societies. All parties

would frequently abide by this preliminary test, which need not cost more than a
registered letter.

A Completed Imperial Police Force .—In local agricultural associations the
eligibility of an imperial police force is fully recognised exclusively of the grounds
of its adoption as a great reserve militaiy force, and as a means of repression
without bloodshed, and as an economy ot military force which has been fiilly

explained.

4. The Vital and Commercial Statistics of Bath, By P. Norfolit.

5. Old Age and Sickness Assurance for the Mercantile and Professiosial
• Classes. By ¥, Norfolk.
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Section G.—MECHANICAL SCIENCE.

Pbebioeni oe the Section—^W. H. Fkeece, F.ll.S., M.Ihst.C.E.

THURSBA r, SEPTEMBER 6.

The Pri»ident delivered the following Address :

—

«

‘Oanst thou send lightnings, that they may go, and say unto thee, Here
we are ? ’ were pregnant words addressed to Job unknown centuries ago. They
express the first recorded idea in history of the potentiality of electricity to minister

to the wants of mankind. From Job to Franklin is a long swing in the pendulum
of time. It was not until that American philosopher brought down atmospheric
electricity by his kite-string in 1747, and snowed that we could lead it where we
willed, that we were able to answer the question addressed to the ancient patriarch.

Nearly another century elapsed before this mj'sterious power of Nature was fairly-

conquered. It has been during this generation, and during the life of the British

Association, that electricity has been usefully employed
; and it is because I have

taken a subordinate position in inaugurating nearly all of its practical applications,

that I venture to make the developments of them the text of my address to this

section.

People are singularly callous in matters affecting their own personal safety

;

they wul not believe in mysteries, and they ridicule or condemn that which they

do not understand. The Church itself set its face gainst Franklin’s ^impious’

theories, and he was laughed to scorn by Europe’s scientific sons
;
and even now,

though commissions composed of the ablest men of the land have sat and re-

ported on Franklin’s work in England, France, and nearly every civilised nation,

the public generally remains not only ignorant of the use of lightning conductors,

but absolutely indifferent to their erection, and, if they are erected, certainly careless

of their proper maintenance. I found in a church not very far from here the conductor

leaded into a tombstone, and in a neighbouring cathedral the conductor only a

few inches in the ground, so that I could draw it out with my hand. Although

I called the attention of the proper authorities to the absolute danger of the state

of affairs, they reniained in the same condition for years.

Wren’s beautiful steeple in Fleet Street, St. Bride’s, was well-nigh destroyed by
lightning in 1764. A lightning rod was fixed, but so imperfectly that it was again

struck. In July last ^1887) it was damaged because the conductor had Iwen

neglected, and had lost its efficiency.

As long as points remain points, as long as conductors remain conductors, as

long as the rods make proper connection with the earth, lightning protectors will

pro^t ;
but if points are allowed to be fused, or to corrode away

;
if bad joints

or faulty connections are allowed to remain
;
if bad earths, or no earths, exist,

protectors cease to protect; and they will become absolute sources of danger.

Lightning conductors, if properly erected, duly maintairibd, and periodically in-

spSjted, are an absolute source of safety; but if erected b/the village blacksmith,

roidntained by the economical churchwarden, and never inspected at all, a loud report

wiU some day be heard, and the beautiful steeple will convert the churchyard into

a new geological formation.
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We have not yet acquired that mental confidence in the accuracy of the laws
that guide our procedure in protecting buildings from the effects of atmospheric

electrical discharges which characterises most of the practical applications of elec-

tricity. Some of our cherished principles have only very recently received a rough
shaking from the lips of Professor Oliver Lodge, F.R.S., who, however, has sup-

ported his brilliant experiments by rather fanciful speculation, and whose revolu-

tionary conclusions are scarcely the logical deduction from his novel premised. The
whole subject is going to be thoroughly discussed at this meeting.

We are now obtaining much valuable information about the nature of lightning

from photography. We learn that it does not, as a rule, take that zigzag course

conventionally used to represent a flash on canvas. Its course is much more erratic

and sinuous, its construction more complicated, and pictures have been obtained of

dark flashes whose I’aison d'etre has not yet been satisfactorily accounted for. The
network of telegraph wires all over the country is peculiarly subject to the effects

of atmospheric electricity, but we have completely mastered the vagaries of
lightning discharges in our apparatus and cables. Accidents are now very few
and far between.

The art of transmitting intelligence to a distance beyond the reach of the ear

and the eye, by the instantaneous effects of electricity, had been the dream of the

philosopher for n..arly a century, when in 1837 it was rendered a practical success

by the commercial and far-sighted energy of Cooke, and the scientiHc knowledge
and inventive genius of Wheatstone. The metallic arc of Galvani (1790) and
the developments of Volta (1796) had been so far improved that currents could be

generated of any strength, the law of Ohm (18*28) had shown how they could be
transmitted to any distances, the deflection of the magnetic needle by Oersted in

1819, and the formation of an electro-magnet by Ampere and Sturgeon, and the

attraction of its armature had indicated how those currents could be rendered

visible as well as audible.

Cooke and Wheatstone in 1837 utili.sed the deflection of the needle to the right

and the left to form an alphabet. Morse used the attraction of the armature of an
electro-magnet to raise a metal style to impress or emboss moving paper with
visible dots and dashes. Steinheil imprinted dots in ink on the different sides of

a line on paper, and also struck two bells of different sound to affect the ear.

Breguet reproduced in miniature the actual movements of the semaphore then so

much in use in France ; while others rendered practical the favourite idea of

moving an indicator around a dial, on which Nihe alphabet and the numerals were
printed, and causing it to dwell against the symbol to be read—the A, B, C instru-

ment of Wheatstone in England, and of Siemens in‘ Germany. Wheatstone
conceived the notion of printing the actual letters of the alphabet in bold Roman
type on paper—a plan which was made a perfect success by Hughes in 1854.

At the present moment the needle system of Cooke and Wheatstone, as well as

the A, B, C dial telegraph, are very largely used in England on our railways and
in our smaller post offices. The Morse recorder and the Hughes type-printer are

universally used on the Continent
;
while in America the dot and dash alphabet of

Morse is impressed on the consciousneas through the ear by the sound of the

moving armature striking against the stops that limit its motion. In our larger

and busier offices the Morse sounder and the bell system, as perfected by Bright,

are largely used, while the press of this country is supplied with news which is

recorded on paper by ink dots and dashes at a speed that is almost fabulous.

Sir William Thomson’s mirror—the most delicate form of the needle system-r—

where the vibratory motions of an imponderable ray of light convey words to the

reader, and his recorder, where the wavy motion of a line of ink spirted on pilper

ly the frictionless repulsion of electricity performs the same function, are exmu-
sively employed on our long submarine cables.

^

ikkewell in 1848 stfbwed how it was possible to reproduce facsimiles of hand-
writing and of drawing at a distance, and in 1870 E. A. Oowper reproduced one’s

own handwriting, the moving pen at one station so controlling the currents flow-
ing on the line wire that they caused a similar pen to make similar motions at the
other distant station. Neither of these plans, the former beautifully developed*by
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Caeelli and d’Arljncourt, and the latter improved by Robertson and Elisha Gray,
has yet reached the practical stage.

llie perfection of telegraphy has been attained by that chief marvel of this

electrical age—the speaking telephone of Graham Bel]. The reproduction of the
human voice at a distance, restricted only by geographical limits, seems to have
reachejl the confines of human ingenuity

;
and though wild enthusiasts have dreamt

of reproducing objects abroad visible to the naked eye at home, no one at the
present moment can say that such a thing is possible, while in face of the
wonders that have been done no one dare toy that it is impossible.

The commercial business of telegraphy, when our thoughts and wishes, orders
and wants, could be transmitted for money, was inaugurated in this country by the
establishment of the Electric Telegraph Company in 1846, and until 1870 it

remained in the hands of private enterprise, when it was purchased by the
Government, and placed under the sole control of the Postmaster-General. It has
been the fashion to decry the terms of purcht.se of the various undertakings then
at work by those who have not understood iAie question, and by those who, being
politically opposed to the Government in power at the time, saw all their acts, not
only through a glass darkly, but through a reversing lens. A business producing
560,000/. per annum was bought at twenty years’ purchase, and that business has
now increased to 2,000,000/. per annum. 6,000,000 messages per annum have
increased to 63,400,000.

Every head post office has been made a telegraph office, every village of any size

has its wire ; messages which used to cost 12s. (id. are now sent for 6d. ;
a tariff*which

was vexatious from its unfair variation is now uniform over the United Kingdom,
and no one can justly complain of error or delay in the transmission of their mes-
sages. Silly complaints are sometimes inserted in the press, of errors which the

most elementary knowledge of the Morse alphabet would detect, and little credit

is given to the fact that the most perfect telegraph is subject to strange disturbances

from terrestrial and atmospheric causes which admit sources of error beyond the

control of the telegraphist. A flash of lightning in America may cause an extra

dot in Europe, and mine may become wine. An earthquake in Japan may send a
dash through France, and life would become wife. A wild goose flying against a
telegraph wire might drive it into momentary contact with another wure, and siffht

might become night. Everyone should know his Morse alphabet, and people

should learn how to write. Nine-tenths of the errors made are due to the execrable

caligraphy of the present day. As a matter of fact, in ninety-nine cases out of a hun-
drea, the telegraphist delivers to the editor of a newspaper *copy ’far more accurate

than the first proofofhis own leader submitted by the printer. The quantity ofnews
transmitted is enormous, on an average 1,638,270 words are delivered per day. The
recent convention in Chicago,when the Republican party of the United States nomi-
nated their candidate for the presidentship, created so much business that every

American paper has chronicled this big thing as unique. 600,000 words were sent

on one night ;
but we in England, when Mr. Gladstone introduced his celebrated

Home Rule Bill on April 8, 1886, sent from the Central Telegraph Office in London
1,600,000 words.

The growth of business has led to vast improvement in the carrying capacity of

the wires. Cooke and Wheatstone required five wires for their first needle instru-

ment to work at the rate of four words per minute. One wire can now convey six

messages at ten times the speed. The first Morse apparatus could work at about

five words a minute ;
we now transmit news at the rate of 600 words a minute.

Even in 1876 it was thought wonderful to transmit messages to Ireland at 80 words

a minute. When I was recently in Belfast I timed messages coming at the rate of

461 words a minute. Duplex working— that is, two messages travelling on the

same wire at the same time in opposite directions, the invention of Gintl, of Vienna

—

'.snow the normal mode of working; Edison’s ^uadruplex is cbmmonj and^the Delany

system of multiplex working is gradually being introduced, by which six messages

are*indiscriminately sent in either direction on one wire. The telegraphic system

of JBngland has been brought to the highest pitch of perfection. W’^e have neither

neglected the inventions of other countries, nor have we been chary of exercising
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inventive skill ourselves, and we have received our full meed of that reward which
is always freely bestowed on a British Government official, neglect and abuse.

All parts 01 the civilised world are now united by submarine cables. The * Times

'

every morning has despatches from every quarter of the globe, giving the news of
the previous day. 110,000 miles of cable have been laid by British ships, and nearly

40,000,000/, of British capital have been expended by private enterprise in completing

this grand undertaking. A fleet of 37 ships is maintained in various oceans to lay

new cables and to repair breaks and faults—faults that arise, among other causes,

from chafing on coral reefs, ships’ anchor^, the onslaught of insects, and earthquakes.

The two cables connecting Australia and Java were recently simultaneously broken
by an earthquake.

The politician, unmindful of the works of the engineer, is ant to apply to the
credit of his own proceedings the growing prosperity of the world. The engineer,

however, feels that steam and electricity in his hands have done more to econdmise
labour, to cheapen life, to increase wealth, to promote international friendship, to

alleviate suffering, to ward off war, '‘to encourage peace, than all the legislation

and all the verbosity of the politician.

The railways of this country are entirely dependent for the conduct,of their

traffic on the telegraph, and the security of their passengers is mainly due to the
working of the biock system. A railway, say between London and Bath, is

broken up into certain short sections, and only one train is allowed on one section

at one time. The presence, motion, and departure of trains are announced and
controlled by electric signals, and the outdoor signals are governed by these

electric signals. There are few more interesting places to visit than a well-

equipped signal-box on one of our main railways. The signalman is able to survey
the lines all around and about him by aid of bis electric signals

;
he can talk by

telegraph or by telephone to his neighbours and his station-master
;
he learns of

the motion of the trains he is marshalling-by the different sounds of electric bells

;

he controls his outdoor signals by the deflection of needles, or the movement of
miniature semaphores

;
he learns the true working of his distant signals by their

electrical repetition
;
machinery governs and locks every motion he makes, so that

he cannot make a mistake. The safety of railway travelling is indicated by the
fact that while in the five years ending 1878 thirty-five people were killed annually

from causes beyond their own control, in the five years ending 1887 the average
has been reduc^ to sixteen. One person is killed in 36,000,000 journeys made by
train. Wherever we are dependent on human agency we are subject to human
error, and a serious accident very recently at Hampton Wick has snown how the
most perfect machinery may be rendered valueless to protect life when perversity,

thoughtlessness, or criminality enter as factors into the case.

At the meeting of the Association in Plymouth in 1877, 1 was able for the first

time in this country to show the telephone at work. Since then its use lias

advanced with giant strides. There are probably a million instruments at work
now throughout the civilised world. Its development has been regularly chronicled

at our meetings. As far as the receiving part of the apparatus is concerned, it

remains precisely the same as that which 1 brought over from America in 1877

;

but the transmitter, since the discovery of the microphone by Hughes in 1H78,

has been entirely remodelled. Edison’s carbon transmitter was a great step

in advance
;

and the modem transmitters of Moseley, Berliner, D’Arsonval,
Be Jongh, leave little to be desired. The disturbances due to induction have been
entirely eliminated, and the laws regulating the distance to which speech is

possible are so well known that the specification of the circuit required to connect
the land’s End with John o’Groat’s by telephone b a simple question of calcula-

tion. A circuit has been erected between Paris and Marseilles, 600 miles apart|

with two copper wires jof 6^ gauge, weighing 640 lbs. per mile, and conversation is

easily maintained betv^een those important cities at the cost of three francs for

three minutes. One scarcely knows which fact is the more astounding—the
distance at which the human voice can be reproduced, or the ridiculously simple
apparatus that performs the reproduction. But more marvellous than either is«the

extreme sensitiveness of the instrument itself, for the energy contained in one heat
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unit (gramme-water-degree) would, according to Pellat, maintain a continuous
sound for 10,000 years.

The influence wHcli electric currents exert on neighbouring wires extends to*

enormous distances, and .communication between trains, and ships in motion,
between arn^iies inside and outside besieged cities, between islands and the main-
land, has become possible without the aid of wires at all, by the induction which
is exerted through space itself. On the Lehigh Valley Railway, in the United
States, such a system of telegraphing without wires is in actual daily use.

The conduct of telephonic business in England is still in the hands of those

who hold the patents, and who maintaift a most rigid monopoly. These patents

have only a short period to run, and when they oxpire we may expect to find that
England will not occupy the very retired position she holds now as a telephone
country. Stockholm has more subscribers than London

;
there are 16,000 sub-

scribers in and about New York; while the number in London is only 4,851.

Electric lighting has become popular, not alone from the beauty of the light

itself, but from its great hygienic qualities in .aaintaining the purity and coolness of
the air we breathe. The electric light need tibt be more brilliant than gas, but it must
be more healthy. It need not be cooler than a wax candle, but it must be brighter,

steadier, and more pleasant to the eye. In fact, it can be rendered the most perfect

artificial illuminant at our disposal, for it can illumine a room without being seen
directly by the eye

;
it can be made absolutely steady and uniform without irri-

tating the retina; it does not poison the air by carbonic acid and carbonic oxide, or

dirty the decorations by depositing unconsumed carbon
;

it does not destroy books
or articles of vertu and art by forming water which absorbs sulphur acids

;
and it

does not unduly heat the room.
In the Post Office Central Savings Bank in London it has been found, after two

years’ experience of electric lighting, that the average amount ofabsences from illness

has been diminished by about two days a year for each person on the staff. This
is equivalent to a gain to the service of the time of about eight clerks in that

department alone. Taking the cost at the ‘ overtime ’ rate only, tliis would mean
a saving in salaries of about 040/. a year. I'he cost of the in.stallation of the

electric light was 3,349/. and the annual cost of working 700/. per annum, say a

total annual cost of 1,034/. The cost of the gas consumed for lighting purposes

was about 700/. a year, so that on the whole there was a direct saving of something
like 266/. a year to the Government, besides the material advantage of the better

work of the staff resulting from the improved atmospheric conditions under which
their work is done.

The production of light by any means implies the consumption of energy, and
this can bo measured in watts, ov the rate at which this energy is consumed. A
watt is part of a horse-poiver. It is a very convenient and sensible unit of

power, and will in time leplace the meaningless horse-power.

The relative heat generation of these illuminants may be estimated from these

figures.

Though the electric light was discovered by Davy in 1810, it was not until 1844

that it was introduced into our scientific laboratories by Foucault ;
it was not until

1878 that Jablochkoff and Brush showed how to light vp our streets effectually

and practically
;

it was not until 1881 that Edison and*Swan showed how our

hpmes could be illuminated softly and perfectly. Unprep^redness for such a revo-

lution '^JjToduced a perfect panic among gas proprietors; inexperience in the use of

powerful electric currents resulted in frequent failure and danger
;
speculation in

1888. 3 B
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financial bubbles transferred mucb gold from the pockets of the weak to the coffers

of the unscrupulous
;

hasty legislation in 1882 restricted the operations of the

cautious and the wise; and the prejudice arising from aU these causes has, perhaps

fortunately, delayed the general introduction of electricity
;
but now legislation has

been improved, experience lias been gained, confidence is being restored, and in this

beautiful town of Bath fifty streets are about to be lighted, and we see everywhere
around and about us in our English homes the pure glow lamp replacing filthy gas

and stinking oil. The economical distribution of the electric current over large

areas is annually receiving a fresh impetus. The expensive systems defined in the

Act of Parliament of 1882 have entirely disappeared. Ilopkmson in England and
Edison in America showed how a third wire reduced the weight of copper needed

by 60 per cent. Gaulard and Gibbs in 1882 showed how the conversion of alternate

currents of high electromotive force to currents of low electromotive force by
simple induction coils would enable a mere telegrapli wire to convey sufficient

electricity to light a distant neighbourhood economically and efticiently. Lane Fox:

in 1879 showed how the same thing could be done by secondary batteries ;
and

Plant(5, Faure, Sellon, and Parker havd done much to prove how batteries can be

made to solve the problem of storage
;
while King and Edmunds have shown how

the distribution bv secondary batteries can be done as economically as by secondary
generators. The Grosvenor Gallery Co. in London have proved the practicability

of the secondaiy generator principle by nightly supplying 24,000 glow lamps
scattered over a very wide area of London. The glow lamp of Edison, which m
1881 required 5 watts per candle, has been so far improved that it now consumes
but 2:1^ watts per candle. The dynamo, which in the same year weighed 50,000 lbs.,

absorbed 1 50 horse-power, and cost 4,000/. for 1,000 lamps, now weighs 14,000 lbs.,

absorbs 110 horse-power, and costa 500/. for the same production of external

energy ; in other words, its commercial output has been increased nearly six times,

while its prime cost has been diminished eight times.

The steam-engine has received equal attention. The economy of the electric

light when steam is used depends almost entirely on the consumption of coal.

With slow-sj)eed low-pressure engines one kilowatt (1,000 watts, 1| horse-power)

may consume 12 lbs. of coal per hour
;
in high-speed Iiigh-pressure triple-expansion

condensing engines it need not consume more tlian lib. of coal per hour. Willans
and Bobinson have actually delivered from a dynamo one kilowatt by the con-
sumption of 2 lbs. of coal per hour, or by the condensation of 20 lbs. of steam.

There is a great tendency to use small economical direct-acting engines in place
of large expensive engines, which waste power in countershafting and belts.

Between the energy developed in the furnace in the form of heat and that dis-

tributed in our rooms in the form of light there have been too many points of
waste in the intermediate operations. These have now l3een eliminated or reduced.
Electricity can now be produced by steam at 3«?. per kilowatt per hour. The kilo-

watt-hour is the Board of Trade unit as defined by the Act of 1882, for which the
consumer of electric energy has to pay. Its production by gas engines costs 6(i. per
kilowatt-hour, while by primary batteries it costs 3». per kilowatt-hour. The
Grosvenor Gallery Company supply currentsat7|<4. per kilowatt-hour; a 20 candle-
power lamp consuming 3 watts per candle, and burning 1,200 hours per anpum,
expends 82,000 watt-hours or 82 kilowatt-hours, and it costs, at 7^e/. per unit, 50^,

per annum. If the electricity be produced on the premises, as is the case in the
Post Office, in the House of Commons, and in many large places, it would cost
20s. 6(i. per annum. I have found from a general average under the sapie circum-
stances and for the same light in the General Post Office in London that an electric

glow lamp costs 22s. and a gas lamp ]8«. per annum. The actual cost of the pro-
duction of one candle light per annum of 1,0(X) hours is as follows ;

—

s. d.

Sperm Candles •....,....86
Gas (London) .*

, . .IB
Oil (petroleum) 0 8
Electricity, glow ^

•• arc 0 1^
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The greatest development of the electric light has taken place on hoard ship.

Our Admiralty have been foremost in this work. All our warships are gradually
receiving their equipment. Our ocean-going passenger ships are also now so illu-

mined^ and perhaps it is here that the comfort, security, and true blessedness of
the electric light are experienced.

Railway trains are also being rapidly fitted up. The express trains to Brighton
have •for a long time been so lighted, and now several northern railways, notably
jthe Midland, are following suit. Our rocky coasts and prominent landfalls are also

having their lighthouses fitted with briyiant arc lamps, the last being St. Kathe-
rine’s Point on the Isle of Wight, where 60,000 candles throw their bright beams
over the English Channel, causing many an anxious mariner to proceed on his way
rejoicing.

Fontaine showed in Vienna, in 1873, that a dynamo was reversible
;
that is, if

rotated by the energy of a moving machine, it would produce electric currents
;
or, if

rotated by electric currents, it would move ’ machinery. An electric current is one
form of energy. If we have at one place Jhe energy of falling water, we can, by
means of a turbine and a dynamo, convert a certain portion of the energy of this

falling water into an electric current. We transmit this current through proper
conductors to any other place we like, and we can again, by means of a motor, convert
the energy of the current into mechanical energy to do work by moving machinery,
drawing tramcars, or in any other way. We can in this way transmit and utilise

60 per cent, of Ihe energy of the falling water wherever we like. The waste forces

of Nature are thus within our reach. The waterfalls of Wales may be utilised in

London
;
the torrents of the Highlands may work the tramways of Edinburgh

;
the

wasted horse-power of Niagara may light up New York. The falls of Bushmills

actually dow'ork the tramway from Portrush to the Giant’s Causeway, and those of

Bessbrook the line from Newry to Bessbrook.

The practicability of the transmission of energy by currents is assured, and the

economy of doing this is a mere matter of calculation. It is a question of the rela-

tive cost of the transmission of fuel in bulk, or of the tnmsmission of energy by
wire. Coal can be delivered in London for 126*. per ton. The mere cost of the up-

keep of a wire between Wales and London to deliver the same amount of energy

would exceed this sum tenfold. For long distances the transmission of energy %
at present out of the question. There can be no doubt, however, that for many
purposes within limited areas the transmission of energy by electricity would be very

economical and effective. Pumps are worked in the mines of the Forest of Dean,
cranes are moved in the works oi Easton and Anderson at Erith, lifts are raised in

banks in London
;
water is pumped up from wells to cisterns in the house of Sir

Francis Truscott, near East Grinstead: ventilation is effected and temperature

lowered in collieries
;
goods, minerals, and fuel can be transmitted by telpherage.

The transmission of power by electricity is thus within the range of practice.

It can be distributed during the day by the same mains which supply currents for

light by night. Small industries, such as printing, watch-making, tailoring, boot-

making, can be cheaply supplted with power. It is thus brought into direct

competition with the distribution of power by steam as in America, or by air-

pressure as in Paris, or by high-pressure water as in London ; and the relative advan-

tages and economies of each system are simple questions of calculation. When
that evil day arrives that our supply of natural fuel ceases, then we may look to

electricity to bring to our aid the waste energies of Nature—the Jieat of the sun,

the tidal wave of the ocean, tlie flowing river, the roaring falls, and the raging

storm.

There is a mode of transport which is likely to create a revolution in the

method of working tramways. A tramcar carries a sat of accumulators which

supplies a current to work a motor geared to a pair of wheels of the car. The
weight, price, day’s work, and life of tl\e accumulator is ciiriously the same as the

weight, price, day’s work, and life of horseflesh
;
but the oost of maintenance, the

liaj^ility to accident, and the chances of failure are much less. Although very great

improvements in batteries have been made, and they are now really practical

things, sufficient experience in tramcar working has not yet been obtained to say

3 E 2
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that we have reached the proper accumulator. Nor have we yet acquired the best

motor and mode of gearing; but very active experiments are being carried out in

various countries, and nothing can prevent their ultimate success. *

The property, which the electric current possesses, of doing work upon the

chemical constitution of bodies so as to break up certain liquid^ compounds into

their constituent parts, and marshal these disunited molecules in regular order

according to a definite law upon the surfaces of metals in contact with the liquid

where tlie current enters and exists, has led to immense industries in electro^

metallurgy and electro-platipg. The exttmt of this industry may be gathered from
the fact that there are 172 electro-platers in Sheffield and 99 in Birmingham. The
term electro-metallurgy was originally applied to the electro-deposition of a thin

layer of one metal on another
;
but this is now known as electro-plating.

In 1839 Jacobi in St. Petersburg and Spencer in Liverpool laid the foundations

of all we know of these interesting arts. Copper was deposited W them so as to

obtain exact reproductions of coins, medals, and engraved plates. The first patents

in this country and in France were talcpn out by Messrs. Elkington of Birmingham,
who still occupy the foremost position in the country.

The fine metals, gold and silver, are deposited in thin layers on coarser

metals, such as german silver, in immense quantities. Chiistofle of Paris deposits

annually six tons of silver upon articles of use and of art, and if the surfaces

so electro-plated were spread out continuou.sly they would cover 140 acres.

The whole of the copper plates used in Southampton for the production of our
splendid Ordnance Survey maps are deposited by current on matrices taken from
the original engraved plates, which are thus never injured or worn, are always
ready for addition or correction, while the copies may be multiplied at pleasure and
renewed at will.

Nickel-plating, by which the readily oxidisablo metals like iron are coated with
a thin layer of the more durable matmial nickel, is becoming a great industry

;
the

trappings of harness, the exposed parts of machinery, the fittings of cycles and
carriages, and innumerable articles of daily use are being rendered not only more
durable but more beautiful.

The electro-deposition of iron, as devised by Jacobi and Klein, in the hands of

Professor Roberts-Austen, F.R.S., is giving very interesting results. The designs for

the coins which were struck at our Mint on the occasion of the Jubilee of the

Queen were modelled in plaster, reproduced in intaglio by the electro-deposition

of copper, and on these copper moulds hard excellent iron in layers of nearly "th
of an inch was deposited. •

The exact processes of measurement, which have led to such vast improvement
in our telegraphic systems^ have scarcely yet penetrated into this field of electrical

industry, and little is known at present of the exact relations of current and
electromotive force with respect to surfaces ofcontact, rate of deposit, and resistance

of liquids. Captain Sankey, R.E., of the Ordnance Survey Department, has done
some useful work in this direction.

The extraction of metals from their ores by de|k)sition has received wide appli-

cation in the case of copper. In 1871 Elkington proposed to precipitate copper
electrolyticaUy from the fused sulphide of copper and iron known to the co|)per

smelter as * regulus.^ Thin copper plates were arranged to receive the deposited

copper, while the forei^ metals, iocluding gold and silver, fell to the bottom of the
solution, the precess being specially applicable, it was supposed, to regulus contain-

ing small quantities of the precious metals.
The electrical purification of copper from impure * blister copper’ or * blade

copper ’ has also made great progress, and special dynamos are now made which
will, with an expenditure of 100 horse-power, precipitate 18 tons of copper per
week. The impure metal is made to form the anode in a bath of sulpnate of

copper, the metal being*deposited in the pure form on a thin copper cathode.
It was not very long ago considered very economical to absorb *85 horse-power

in depositing one pound of copper per hour, but now the same work can be d^ne
with *3 horse-power. Mr. Parker of Wolverhampton has done good work in this

direction, and his dynamos in Messrs. Bolton’s works have revolutionised this

process of punfication.
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Both at Swansea and Widnes immense quantities of copper, iu spite of the
restrictive operations of the copper syndicate,' are being produced by electro-de-

position. Copper steam pipes for boilers are now being built up ofgreat firmnees, fine

texture, and considerable strength by Mr. Elmore at Cockermouth, by electro-

deposition on a rotating mandril in a tank of sulphate of copper. By this process

one ton of copper requires only a little more than one ton of coal to raise the

requisite steam to complete the operation.

It has been shown that the electrolytic separation of silver from gold by rimilar

methods is perfectly practicable. The value of the material to be dealt with may
be gathered from the fact, communicated to the ‘ Gold and Silver Commission ’ now
sitting, that nearly 90,000,000 ounces of silver are annually produced, and the
greater portion of this amount contains sufficient gold to render refining remunera-
tive. Although the old acid process of ‘parting' gold and silver remains prac-

tically undisturbed, there seems no reason to doubt that in the future electricity

will render us good service in this direction us it has already in the purification of
copper. «

There is not much actual progress to report in the extraction of gold from its

ores by electrical agency. The conversion of gold into chloride of gold by the
direct, or indirect, action of chlorine is employed on a very large scale in [Grass

Valley] California and elsewhere. This fact has led to well-directed efforts to

obtain, by electrolytic action, chlorine, which should attack finely divided gold

suspended (with the crushed ore) in the solution from which the chlorine was
generated, the gold, so converted into soluble chloride, then being deposited on a
cathode. The process would seem to be hopeful, but is not as yet a serious rival to

the ordinary chlorination method.
In the amalgamation of gold ores much is expected from the possibility of

keeping clean, by the aid of hydrogen set free by the electric current, the surfaces

of amalgamated plates.

It is well known that the late Sir W. Siemens considered that the electric arc

might render good service in the fusion of metals with high melting-points, and he
actually succeeded in melting 96 ounces of platinum in 10 minutes with his electri-

cal furnace. The experiments were interrupted by his untimely death, but in the

hands of Messrs. Cowles the electric arc produced by 5,000 amperes and 500 horse-

power is being employed on a very large scale for the isolation of aluminium (from

corundum), which is immediately alloyed (in situ) with copper or iron, in the

presence of which it is separated.

The heating power of large currents has been used by Elihu Thomson in the

United States, and by Bernardos in Biissia, to weld metals, and it is said to weld
steel without affecting its hardness. It has even been proposed to weld together

in one continuous metallic mass the rails of our railways so as to dispense entirely

with joints.

The production of chlorine for bleaching and of iodine for pharmaceutical

purposes, the economical pro(^ction of oxygen, are also processes now dependent

on the electrolytic effect of th^lectric current.

It is almost impossible to enumerate the various general purposes to which
electricity is applied to minister to our wants, and to add to our comforts. Every
one appreciates the thorough efficiency of the trembling electric bell, while all will

sooner or later derive comfort from the perennially self-winding electric clock.

Correct mean time is distributed throughout the length and breadth of the land by
currents derived from Greenwich Observatory. Warehouses and shops are fitted

with automatic contact nieces, which, on any undue increase of temjperature due to

fire, create an alarm in tne nearest fire station
;
and at the corner of most streets a

post is found with a face of glass, which on being broken enables the passer-by or

the watchful and active policeman to call a fire engine to the exact spot of danger.

Our sewers are likely to find in its active chemical agelicy a power to neutralise

offensive gases, and to purify poisonous and dangeroiis fluids. The germs of

disease are attacked and destroyed in their very lairs. The physician and the

ifiuigeon trust to it to alleviate pain, to cure disease, to effect organic changes beyond
the reach of drugs. The photographer finds in the brilliant rays of the arc lamp a
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miniature sun wliicli enables him to pursue bis lucrative business at night, or during

the dark and dismal hours of a black November fog of London.
We learn from the instructive and interesting advertising columns of our news-

papers that ‘ electricity is life,’ and we may perhaps read in the more historical

portion of the same paper that by a recent decision of the New York Parliament,
‘ electricity is death.’ It is proposed to replace hanging by the more painless and
sudden application of a powerful electrical charge

;
but those who have assisted at

this hasty legislation would have done well to have assured themselves of the

practical efficacy of the proposed process. I have seen the difficulty of killing evMi
a rabbit with the most powerful induction coil ever made, and I know those who
escaped and recovered from the stroke of a lightning discharge.

The fact that the energy of a current of electricity, either when it flashes across

an air space, or when it is 1‘orced through high resistance, assumes the form of heat of

very high temperature led early to its employment for firing charges of gunpowder

;

and for many civil, military, and naval purposes it has become an invaluable and
essential agent. \Vrecks like that of the * Koyal George ’ at Spithead were blown
up and destroyed

;
the faces of cliti’s and quarries are thrown down

;
the galleries of

mines and tunnels are excavated ;
obstructions to navigation like the famous Hell

Gate, near New York, have been removed
;
time guns to distribute correct time are

fired by currents tVom Greenwich at 1 p.m. In the operations of war, both for attack

and defence, submarine mining has become the most important branch of the pro-

fession of a soldier and a sailor. Jlig guns, whether singly or in broadside, are fired,

and torpedoes, when an enemy’s ship unwittingly is placed over them, are exploded
by currents of electricity.

An immense amount of research has been devoted to design the best form of

fuse, and the best form of generator of electricity to use to explode them. Gun-
tubes for firing consist of a short piece of very tine wire embedded in some easily

fusible compound, while the best form of fuse is that known as the Abel fuse,

which is composed of a small, compact mass of copper phosphide, copper sulphide,

and potassium chlorate. The practice in the use of generators is very various.

Some, like the Austrians, lean to the high tension eflects of static electricity;

others prefer magneto machines
;
others use the dynamo

;
while we in England cling

with much fondness to the trustworthy battery. Since the electric light has also

become such a valuable adjunct to war purposes, it is probable that secondary bat-

teries will become of immense service. The strong inductive effects of atmospheric
electricity are a source of great danger. Many accidental explosions of fuses have
occurred. An experimental cable with a fuse at one end was laid below low-
water mark along the banks of the Thames at Woolwich. The fuse was exploded
during a heavy thunderstorm. The knowledge of the causes of a danger is a sure

means for the production of its removal, or of its reduction to a minimum. Low
tension fuses and metallic circuits reduce the evils of lightning, but have not
removed them. Should war unhappily break out again in Europe, submarine
mining will play a very serious part, and, paradq||ical as it may appear—as has
been suggested by the French ambassador, M. Waodington—its very destructive-

ness may ultimately prove it to be a powerful element of peace.

It seems incredible that, having utilised this great power of nature to such a
wide and general extent, we should be still in a state of mental fog as to the answer
to be given to the simple question—What is Electricil^ ? The engineer and the
physicist are completely at variance on this point. The engineer regards electri-

city, like heat, light, and sound, as a definite form of energy, something that he
can generate and destroy, something that he can play with and utilise, something
that he can measure and apply. The physicist—at least some physicists, for it is

difficult to find any two physicists that completely agree with each other—regard
electricity as a peculiar form of matter pervading all space as well as all sub-
sttmees together with thS luminiferous ether which it permeates like a jelly or a
Miige. inductors, aedbrding to this theory, are holes or pipes in this jelly, and

electrical generators are pumps that transfer this hypothetical matter from one place
to another. Other physicists, following Edlund, regard the ether and electricity)

as identical, and some, the disciples of Helmholtz, consider it as an integral
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constituent of nature, each molecule of matter having* its own definite charge,
which determines its attraction and its repulsion. All attempts to revive the
Franklinian, or material theory of electricity, have, however, to be so loaded with
assumptions, and so weighted with contradictions, that they completely fail to
remove electricity from tlie region of the mysterious. It is already extremely
difficult to conceive the existence of the ether itself as an infinitely thin, highly
elastic medium, filling all space and employed only as the vehicle of those undulatory
motions that give us light and radiant heat. The material theory of electricity

requires us to add to this another incomjlfehensible medium embedded or entangled
in this ether, which is not only a medium for motion, but which is itself moved.
The practical man, with his eye and his mind trained by the stem realities of daily
experience, on a scale vast compared with that of the little world of the laboratory,
revolts from such wild hypotheses, such unnecessary and inconceivable concep-
tions, such a travesty of the beautiful simplicity of nature.

He has a clear conception of electricity a.s something which has a distinct objec-
tive existence, which he can manufacture*and sell, and something which the un-
philosophic and ordinary member of society can buy and use. The physicist

asserts dogmatically : ^ Electricity may possibly be a form of matter—it is not a
form of energy.' The engineer says distinctly: ^Electricity is a form of energy—it

is not a form of matter
;

it obeys the two great developments of the present

generation—the mechanical theory of heat and the doctrine of the conservation of
energy.' There must be some cause for this strange difference of views. It is

clear that the physicist and the engineer do not apply the term electricity to the

same thing. The engineer’s electricity is a real form of energy
;
the speculative

philosopher's electricity is a vague subjective unreality which is only a mere
factor ofenergy and is not energy itself. This factor, like force, gravity, life, must, at

any rate for the present, remain unknowable. It is not known what force is
;
neitlier

do we know what is matter or gravity. The metaphysician is even doubtful as

regards time and space. Our knowledge of these things commences with a defini-

tion. The human mind is so unimpressionable, or language is so poor, that writers

often cannot agree even on a definition. The definition of energy is capacity for

doing work. Wo practical men are quite content to start from this fiducial line,

and to affirm that our electricity is a something which has a capacity for doing

work
;

it is a peculiar form of energy. The physicist may speculate as much as

he pleases on the other side of this line. He may take the factors of energy, and
mentally play with them to his heart’s content

;
but he must not rob the engineer

of his term electricity. It is a pity that we cannot settle our difference by chang-

ing the term. Physicists might leave the term electricity to the form of energy,

which is an objective reality, and which the ordinary mortal understands
;
while

engineers would be quite content if speculative physicists and enthusiastic mathe-
maticians would call their subjective unreality, their imaginary electrical matter,

by some other term. If it be necessary to mentally create some imaginary matter to

fulfil the assumptions and abstractions of their mathematical realisations, let them
call it coulombism or electron, and not appropriate the engineer’s generic and com-
prehensive term electricity. The engineer finds the motions of existing matter

and of the ether quite sufficient to meet all his requirements, and to account for all

those phenomena which are called electrical.

It seems paradoxical to assert that two unrealities can form a reality, or that

two subjective ideas can become an objective one
;
but it must be remembered tliat

in all eiectrical phenomena that which makes them real and objective is derived

from without. The motion that renders an electrical phenomenon evident is im-

parted to it from some other form of energy. The doctrine of the conservation of

energy asserts that energy is never destroyed, it is only transformed—work must

be done to render it evident. No single electrical effect can be adduced which is

not the result of work done, and is not the equivalent Sf energy absorbed. The
engineer’s notions of work—something done against resistance—and of power—the

rate at which this change of condition is effected—are the keystones to the con-

ception of the character of those great sources of power in nature whose direction

to the uses and convenience of man is the immediate profession of those wha
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generally assemble together in Section G of the British Association to discuss the
* practical application of the most important principles of natural philosophy which
has, in a considerable degree, realisea the anticipations of Bacon and changed the
aspect and state of affairs in the whole world.*

I cannot pretend to have given a survey of all the practical applications of
electricity. I have entirely neglected its applications to physical research, its ^ist*
ance in securing minute and accurate observations, the marvellous precision and
delicacy of its measurement. I have but briefly indicated the present area covered

by the new and rapidly growing industry! Five million people upon the globe are

now dependent on the electric current for their daily bread. Scarcely a week
passes without some fresh practical application of its principles, and we seem to be
only on the shore of that sea of economy and beneficence which expands with every
new discovery of the properties of electricity, and spreads already beyond the mental
grasp of any one single worker.

The following Papers were read :
—

'

1. The Pho7iograph, By Colonel G. E. Goueaui).

2. The Graphophone} By Henry Edmunds.

A review of the interesting history of the art of recording and reproducing
sound shows that l)r. Hooke in 1081 exhibited some experiments before the Royal
Society demonstrating how musical notes and other sounds could be produced by
means of toothed wheels rapidly rotated. In 1854 Charles Bourseuil proposed to use
two diaphragms, connected by an electric wire, and, by speaking into one of them,
reproduce the spoken sounds at any distance in the other. This idea was actually

carried out by Philipp Reis five years later. The Phonautograph was patented
by Leon Scott in 1857 ; and Faber constructed a complicated speaking machine
which pronounced a few words and sentences most unsatisfactorily. But in 1870
appeared the Bell Telephone, the first really perfect instrument for the transmission

of speech. In April, 1877, M. Charles Cros deposited a paper at the' Academy of
Sciences in Paris on ^ A process of recording and reproducing audible phenomena,*
in which he proposed to obtain tracings of sound-waves by means of a vibrating
membrane. Then, by going over these tracings with a stylus attached to another
membrane, the sounds would be reproduced. Consequently, to M. Oros belongs
the credit of having suggested a means of mechanically recording and reproducing
spoken sounds. Later in the year Mr. Thomas Alva Edison realised this idea in

his phonograph. Mr. Edmunds described it in a report to the ‘ Times ’ on February
17, 1878. Shortly afterwards Mr. W. H. Preece exhibited at the Royal Institu-
tion the first phonograph made in this country under Mr. Edmunds* instructions.
This instrument created a great sen.sation, and glowing anticipations were enter-
tained of its future application, but it was found that its articulation was far too
imperfect, and its general porforniance too crude, to admit of its being used for
any practical purpose; and Mr. Edison himself gave it up, applying himself to
other work, even allowing his two English patents to lapse. But in 1881, Pro-
fessor Graham Bell, inventor of the 1’elephone, with Dr. Chichester A. Bell, and
Mr. Charles Sumner Tainter, formed the Volta Laboratory Association in Wash-
ington for the purpose of investigating the art of transmitting, recording, and re-
producing sound. They conducted many elaborate experiments, and, among other
things, sought for and discovered the cause of the failure of the Edison Phonograph.
They found that tinfoil, as used in that instrument, was far too pliable for the
purpose, as it always had a tendency to pucker, and destroy the symmetry of the
TOund-waves. They perceived that no gocxl result could be obtained by merely
indenting a pliable material

)

it was necessary to engrave a record in a scilid refitting
body

;
and this discovery enabled them to produce a really practical instrumeQt,

which they termed the ‘ Graphophone.’ Instead of tinfoil, Mr. Tainter employed

* Printed in extento in Engineering

^

vol. xlvi. p. 319.
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wax, ploughing out, by means of a vibratory stylus, a narrow undulating groove,

which constituted a sound record. When this groove was retraced by another

stylus and diaphragm, the original sounds were reproduced with a fidelity un-

dreamed of by those only acquainted with the phonograph. In 1886 the Volta

Laboratory Association was dissolved, after performing most important work, and
taking out a series of valuable patents.

kS. Tainter has brought the experience of years to the perfection of the

graphophone. The kernel of the invention is the ^ recording cylinder,^ six inches

long by an inch-and-a-quarter broad, formed of cardboard, coated with wax. This
is placed in a small lathe and rotated by a treadle in contact with the * recorder,*

which consists of a metal frame supporting a thin mica diaphragm, in the centre
of which is a steel point that cuts a narrow groove on the surface of the cylinder,

according to the quality and intensity of the sound spoken against it. The re-

corder is then removed, and replaced by the ^ reproducer,* a light feather of steel

that travels along the grooves made on the cylinder, and transmits their undula-
tions to a small mica diaphragm, which in its turn communicates its vibrations, as
sound-waves, to the ears of the auditor by means of two india-rubber tubes, for

Mr. Tainter found it best to reduce the size of the record, and concentrate the
sound in this way, on account of the greater distinctness that was thus secured.
The manipulation of the graphoplrone Is simplicity itself. It requires no adjust-
ment, no electri? motor, no galvanic battery. The foot supplies the motive power,
and the machine regulates its own speed by means of an ingenious, but simple
governor. Journalists and reporters may dictate their articles and reports, leaving
others to transcribe them. The principal of a firm can speak his day's correspond-
ence into the machine, which will repeat it sentence by sentence, to be written
down in proper form by pen or typewriter. Or purely verbal communication can
be carried on through the post by means of the record cylinders, which are ex-
tremely light, although capacious enough to hold one thousand words a piece. All
these applications are now in active operation in America, where the graphophone
has achieved a great success.

3. Mechanical Pathology considered in its relation to Bridge Design}

By ijr. H. Thomson, M,Am.8.E.

After pointing out the applicability of the ordinary terms of medical science in
the consideration of mechanical problems the author asks, IIow many railway
bridges are structurally competent to perform the work for which they were
erected ? IIow many are being taxed mechanically beyond the limit ever in-

tended ? And how many are able to withstand the sometimes rough usage (as in

the case of collisions) incidental to railroad operations ?

A railway bridge is ordinarily constructed upon the assumption that all the
conditions governing its use and life will always remain favourable, and the non-

recognition of the fact that an unfavourable combination of circumstances may
occur is responsible for many of the deficiencies that occur in practice.

No less than 261 truss railway bridges have failed in the United States and
Canada during the ten years ending December 1887 from preventable causes such

as are here alluded to, involving in each case the wreck wholly or partially of a

train.

The author investigates the causes of these several accidents under different

headings. lie discusses successively broken axles and wheels, increase of tonnage,

power, and speed.

He doubts the utility of laboratory tests as a means of affording thoroughly

reliable information in regard to broken axles, and points out that whereas the

earliest engine used in America only weighed 0*875 ton ner wheel, those now in

rise weigh ekht tons and upwards. Since 1874 the speed of freight trains on the

New York Central has increased from fifteen to twenty-five miles per hour, and

p£^nger trains at times attain a maximum speed of no less than 74 miles an hour.

a

* Printed in emtenso in Engineering^ vol. xlvi. p, 252.
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Tlie author then discusses certain experiments he has made with a view to

ascertain the strains that occur in various types of bridge when loads pass over
them, and proceeds to describe an extensive series of photographs illustrative of
bridge accidents, which were exhibited to the meeting.

In concluding he strongly advocates the use of riveted lattice-bridges instead

of pin-connected trusses for railway service up to spans of 250 feet, and gives

numerous reasons for preferring them, as well as conditions to be observed in their

construction.
€ ^

^ .

4. A feio Argummts in favour of Light or Boad Railways.

By Thos. Stephen P. W. D’Alte Sellon, Assoc.M.List.C.E.

The authors object in this paper has been to demonstrate that there is no
reason why the present tramway system, familiar in most of our principal towns,
cannot be made (with some modifications) of exceptional value as feeders to the
trunk lines, and as a means of transit M* every description of goods and merchandise
as well as passengers.

That, by utilising the sometimes considerable w’aste, so often met with along
the side of our country roads, cheap and efficient feeders can be constructed, thereby
8a\’ing the cost land purchase or the heavy cost of maintenance if constructed

on the road.

For example, a line which has been constructed on this principle and has been
working for the last eighteen months, is mentioned as proving how increased facili-

ties make increased traffic, in the fact that it carries the entire population of the
whole district once a week besides dealing with the whole of the cartage and
delivery of goods to and from the London and North-Western Railway, with which
the line is connected, as well as all the parcels and mails.

That, besides the advantages proved by the large patronage it receives, the
property in the district, since its opening, has risen 20 per cent, in value, and houses
which had long been in want of tenants are now all occupied.

That, as the object of this class of railway is to carry heavy goods and other

merchandise that would otherwise be drawn along the road, it is clear that there

must be a great saving in the w’ear and tear of the same as well as a material relief

to the road rates which, in some country districts, is a great burthen.

Being a tramway, the working expenses as compared with railways are very
small, owing to the absence of stations and station officials, signals and telegraph.

The author is strongly against the construction of this class of light railway

to any other gauge but that of the line it feeds, as he affirms that the plea of

economy cannot be maintained, and that one of the chief causes of the failure of the

Irish Tramway Act, 1883, was tlie fact that the gauge was fixed at 3 ft., the fallacy

of which has been demonstrated by the report of the late Royal Commission on
Irish Public Works.

He also points out the great necessity there is for the reform of Private Bill

Legislation, there being far too much expense in the introduction of a scheme, i.e,,

prior to consideration
;
a mutilated Bill being often accepted by the promoters in

consideration of the money already expended.

In these days of progress landowners are urged to thoroughly examine the

merits of a scheme before they throw away their money in opposition, as by
arrangement with promoters all their objections might easily be overcome.

By a comparison between the ordinary service of a branch line and the ordinary

service of a light railway, it is demonstrated by the actual returns of the latter that

it is to the interest of all railway managers and railway shareholders to give every

facility for the construction of these feeders which must largely increase the value

of their properties.
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FRIDAY, SEPTEMBER 7.

The following Papers were read :

—

1. The Barry Docks. ^ By John Wolfe Barry, M.Inst.O.E.

The Barry Bocks, which are now approaching completion, are situated on the
porth shore of the Bristol Channel about 7 miles westward of Cardiff. The
site is between Barry Island and the mainland, and the approaches from the sea
are very easy. Good anchorage exists eastward of the docks between Barry IslaTid
and Sully Island. The docks are, as is the case with other docks on the Bristol
Channel, tidal, and^ thus can only be approached for a few hours at high water.
The range of tide in the Bristol Channel is large: at Barry there is a range of
36 feet at ordinary springs and of 19^ feet at ordinary neaps. There is a depth of
26 feet of water at low water of spring tidt''' within 700 yards of the entrance
gates of the Barry Docks. The main object of the Barry Docks is for the shipment
of South Wales coal, but it is expected thalfa considerable import trade will also
be developed. About 11 millions of tons of coals were shipped at the neighbouring
ports of Cardiff and Ponarth during the past year. The Barry Docks are connected
with the coal-fields by new railways ^out 27 miles in length which are nearly
finished. They have easy gradients, which, on the main line, are not steeper than
I in 400 ag'ainst the load, The entrance of the docks is on the east side of Barry
Island, which protects it from westerly and south-westerly winds. Against other
winds the entrance is protected by two breakwaters composed of rubble protected
by 6-ton blocks of stone on the sea-slope. The waterway between the break-
waters is 360 feet and the entrance is 485 yards within the breakwater heads. A
channel of that length is to be dredged to the entrance. The entrance is 80 feet
vdde and has a pair of wrought-iron gates which will be opened and closed by
direct acting hydraulic cylinders

;
it gives access to the basin, which is 600 feet

long and 600 feet wide, having an area of 7 acres. Beyond the basin is the dock^
which is 3,400 feet long and 1,100 feet wide. This width is divided at the western
end of the dock into two arms by a projecting mole. The water area of the dock
is about 70 acres. The basin and dock are connected by a passage, which, like the
entrance, is 80 feet wide, and has a pair of wrought-iron gates. The basin will
be used as a lock, and the water in it will be adjusted to meet the rising tide each
day, so that vessels may leave the basin before high water, and, similarly, vessels
may enter the basin for some little time after high water. A floating caisson of
wrought iron has been provided, which will fit against any of the faces of the
entrance or passage in case of necessity. A low-water lock westward of the basin
is contemplated. A graving doclc, 700 feet long and 100 feet wide, is being made
at the north-east corner of the dock. Eastward of this is the timber pond of
24 acres, approached from the dock by a short canal. The total area of water in
the dock, basin, and timber pond is upwards of 100 acres. The depth of water at
the entrance is 38 feet at high-water spring tides, and 29 feet at high-water neap
tides. The following list gives the levels of various parts of the dock and of the
tides above a datum line 60 feet beneath Ordnance datum :

—

Above Datum
Feet

Ordnance datum . . , 50-00
High water—ordinary sj/riny tides . , 69-70
Low water „ „ 33-60
High water—ordinary ncajj tides 61-30
Low water „ „ 41-70
Mean sea-level at Barry ........ 61-60
Entrance channel 28-00
Sill of entrance . . 32-00*
Sill of passage . , , 32-00 *

* Printed in extemo in the Railway Nms, Sept. 16, 1888.
. • The sills being in the form of an invert, at the middle point there is three feet

more water than the nominal level above given.
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Above Datum
Feet

Bottom of basin 30'00
Bottom of dock 30-00
Coping of basin and dock , . ..... 76-60
Top of breakwaters 78-50

The shipment of coal -will take place from eleven high-level coal-tips ancl four
cranes on the north side of the dock, and five low-level tips on the mole, and one
tip at the west end of the dock. Space lor a larger number of tips exists on the
mole and on the south side of the dock and in the basin. Imports will be accom-
modated on the south and east sides of the dock. All the machinery will be worked
by hydraulic pressure from an engine-house and accumulators at the south
side of the dock, and two other accumulators on the north side of the dock. The
first sod of the dock was cut in November 1884, and it is expected that the docks
will be opened at the end of this year or the beginning of 1889. The engineers for
the dock works are the author and Mr. T. Forster Brown and Mr, H. M. Brunei

;

the resident engineer is Mr. John Robinson. The contractor for the dock works
is Mr. T. A. Walker. The cost of the dock works will be about 860,OOOZ., including
the gates and all the hydraulic and other machinery, electric light, &c.

2. Plant and Machimry in use on the Manchester Ship Canal}
By Lionel B. Wells, M.Inst.G.E.

W^hen the Association met at INIanchester last year Mr. Leader Williams read
a paper giving a general description of the Manchester Ship Canal, and the author
proposes to give some account of the means adopted by Mr. T. A. Walker, the
contractor, fo& carrying out the work.

The Canal^ conimences at Eastham, 6 miles above Liverpool, and extends to
Manchester, 35^ miles further inland, and is practically a continuous cutting. The
Canal is to be more than half as wide again as that of Suez, and, with extensive
docks and the deviations of the various railway lines to provide for, the earthwork
amounts to about 60 million cubic yards.

The engineer has divided the work into sections, and appointed a resident
engineer to each. The contractor divides the work into nine sections

j
each section

is assigned to an agent, with a separate staff of suh-agents and engineers looking to
the ^ent for instructions. To their charge is consigned the plant allotted to each
section

;
they have their own workshop.s, means of repairing plant, &c. The

whole is controlled by an agent-in-chief with head-quarter staff in Manchester

;

Imt each section is w'orked as a separate contract ; the individual responsibility of
thus secured by Mr. Walker, and the Canal Company hold Mr.

Walker responsible for his contract to complete the whole of the work. •A commencement was made during the winter, and already the progress has
b^n very great, mainly with excavation, and especially on the sections at
Eastham and Manchester.

.
^be plant for a contract of such magnitude, to be completed within a limited

time, is necessarily great in quantity and of the most improved description. In
addition to the usual locomotives, which already number eighty-seven, there are
upwards of sixty steam-diggers of various models, some of which were referred
to in detail and photographs shown

; also new excavating machines were de-
scribe, which, under the name ofthe French or German Excavator, for each nation
supplies its especial machine, have been for the first time introduced into this
country. The action of the machine is that of a bucket'dredger, but of
being water-borne it is worked on a railway.

Already the excavations exceed a million and a quarter cubic yards a month*
and the output is still increasing. ’

’ Printed in eaetenso in the Engineer

^

Sept. 21, 1888.
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3. On an improved Canal Lift} By S. Lloyd.

After referring' to the antiquity of river and canal navigation, the author
mentions that no effective method of overcoming the difficulty of transferring boats
from one level to another was invented till the year 1481, when, by the intro-

duction of canal locks with double gates, a new era in canal construction was
introduced, as canal boats, instead of being confined to transit across level plains,

could be made to traverse hills and valleys wherever a sufficient supply of water
could'be obtained.

The author points out that as a rule canals have not a sufficient supply of
water to work locks of a capacity to suit the larger class of boats which modern
trade renders necessary for economy of transit

;
but a new era in canal transit may

be again inaugurated by the use of hydraulic lifts of the improved type, which
experience shows would be desirable, and which it is the object of his paper to

describe.

Already three hydraulic canal lifts are in operation, namely, one at Anderton
in Cheshire, one at La Louviere in Belgium^ and another at St. Omer in France.

In each case the boat is floated into a receptacle full of water, and is raised

or lowered in it, the receptacle being supported by a ram fixed vertically

beneath it.

With a view to augment the stability of such lifts, it has been proposed to

increase the number of points of support of the receptacle by placing more rams
and presses under it

;
but this would not attain the desired result, and would bo

very expensive, requiring many deep, and therefore costly, foundations.

The improved hydraulic canal lift, of which diagrams are shown, suspends the

receptacle between and considerably below the upper part of two hydraulic rams
in place of making it rest on the head of one ram.

This new arrangement causes the centre of gravity of the system to be very

low down, even below the stuffing-boxes of the hydraulic presses (if desired), and
consequently great stability is attained. It not only insures very great stability,

but at the same time efiects considerable economy in construction.

The heads of the two rams are connected by a cross-girder, tu which the recep-

tacle is suspended by ties
;
and the strong pipes below, which connect the two

presses, ensure solidity and perfectly even movement of the.receptacle.

By this arraiTgement the rams have not to descend entirely below ground, so

that the wells for the presses are not nearly so deep, and consequently are less

costly. Moreover, the rams can be easily lubricated with oil, and all the parts are

readily accessible for inspection or replacement.

The advantages of rapidity and economy with which boats of large tonnage

may be transferred from one level to another by the means advocated will be

apparent.

4. On the Replenishment of the Underground Waters of the Permeahle

Formations of England. By J. Bailey Denton, M.Inst.C.E.^ F.O.8.

The author, having long advocated, with the late Sir John Rennie and others,

the storage of the surplus rainfall in reservoirs or lakes to be constructecbin the

higher tnbutary valleys of our river systems to maintain them in full service,

invites attention to the capabilities existing of replenishing at the same time the

subterranean supplies of the water-bearing strata by shafts to be sunk down to the

line of their saturation.

The author takes the Thames and its basin to illustrate his views, which apply

equally to other river systems, and to support his statement as to the decline of

the water levels in the chalk, red sandstones, and other formations,he makes reference

to the evidence and publications of Clutterbuck, Deacon, Harrison, Braithwaite .ud

others who have shown that with a natural inclination towards the ou*^'*ii the

line of saturation in the chalk under London, and in tho sandstone at Liverpool,

had fallen, more than twenty years back, above fifty feet. The most rehable

» Published in exUmo by the author. (J. Hogg and Sons, London.)
i
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records of meteorologists showing that the average amount of rain falling on the
surface of the Thames watershed varies according to position from 26 inches to 28^
inches, he has assumed that 27 inches is the nearest approach to the mean quantity
upon which the supply of the Thames system depends. Out of the three and
a half million acres constituting approximately the superhcial area of the Thames
watershed he estimates that one-third represents the aggregate of impervious surfaces

consisting of clays, gault, and lias, whilst two-thirds represent in like way the
numerous formations and beds of challc, sandstones and sand-beds, cornbrash and
coral i*ag, and marlstones, the former throwing off the rain, and the latter absorb-

ing and infiltrating nearly all that falls upon it to satisfy vegetation and evapora-

tion and to find discharge by springs at the outcrops.

Of the 27 inches forming the mean average annual rainfall, about two-thirds,

or eighteen inches, are evaporated from tiie surface, whilst of the remaining third

4 inches serve to maintain the river system, and 5 inches pass away as floods and
freshets. Instances are numerous in which the year’s rainfall exceeds 30 inches,

whilst they are very few in which it is less than 20 inches—about three times in

twenty years. As the amount of evaporation is nearly a constant figure, and the
quantity required to maintain eftectually the river system necessarily remains the
same under all conditions, the amount of flood or excess water greatly varies.

It is sometimes double the average. On the few occasions when the rainfall does
not reach 20 incnes it is insufficient to satisfy the demands of the river system,
and then the river becomes a borrower from the stored supply of the subterranean
reservoirs. On such occasions the quantity of water flowing down the river to King-
ston has been so reduced as not to reach 300 million gallons in twenty-four hours.

The importance and bearing of this fact upon the proposal to replenish the sub-
terranean supply will be appreciated when it is pointed out that the quantity

of water supplied daily to the metropolis by the water companies has already
exceeded 160 million gallons. Of these 160 millions the river Thames contributes

60 per cent, or 75 millions, which is a quarter of the quantity flowingpast Kingston.
The Lea furnishes 38 per cent., and deep chalk wells the remainder, or 12 per
cent. The quality of deep well waters hris become of late years more and more
approved. I)r. Edward Frankland, in his classification of potable waters, places

deep well waters only second to springs issuing from the outcrops of the same
formations. To make good the loss of this superior water the author proposes that

whenever the water in the river rises above a certain datum height recognised as

the gauge of its full serrice, the excess shall be diverted out of the river course on
to filter-beds formed near at hand. The outlet from these filter-beds would be
steined shafts or sumps sunk down to the water-level beneath, and into them the
filtered water would pass after it is freed from flocculent matter. The steined

shafts would be made water-tight and sealed against all surface contamination.

The whole of the 160 million gallons forming the metropolitan supply of the water
companies is, with exception of the Kent Company’s supply, at present filtered

daily through filter-beds varying in depth and character of materials from 3 feet

6 inches to 9 feet deep of sand and other ingredients of different degrees of coarse-

ness, the whole of the beds covering a superficial space rather less than 100 acres

in extent. These arrangements having been successfully worked, the same might
be adopted in the utilisation and purification of excess or storm waters.

As far back as 1867 the author in his evidence before the * Royal Commission
on Water Supply ’ pointed out that if towns on the banks of rivers, such as the

Thames, the Lea, and their tributaries, were to lift their sewage and foul liquids

on to alworbent lands lying 100 to 160 feet above them, they would not only free

those rivers from pollution but they would help to maintain their flow with
certainty. He specified Luton as a town that could adopt such a mode of disposal

with good effect and economy (see Question 1613 of Minutes of Evidence). The
author now refers to this case in consequence of the authorities of Luton having
adopted the treatment by which they have signally proved the facility with which
the sewage of towns may be cleansed by filtration through a deep bed or stratum
of porous material. Winchester, Basingstoke, and several other towns situated on
the chalk have adopted this mode of sewage disposal without any injurious effeGt.
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The author submits that while such instances testify to the purifying powers of
aerated chalk, they aiford proof that when superfluous waters are let down into the
water-bearing strata from ^bove, they will joro tanto spread and naturally raise
the line of saturation and the outflow of springs.

5 . The lR.a{ydn Troject for the Storage of Nil4 Flood.

^

• By Cope Whitehouse, M.A,

This paper described a project for impcmnding a part of the surplus flood of the
Nile. A series of surveys show tliat the Wadi Tlaiyan is a depression 76 miles
to the S.S.W. of Cairo, communicating with the Nile Valley at + 26 metres, or a
little below high Nile. Except at two narrow passes, it is bounded by precipitous
limestone hills rising to + 190 metres. The bottom, of sand and clay overlaying
rock, sinks to — 46 metres. A reservoir formed by putting this valley in communi-
cation with the Nile flood would have at + V'.j metres a surface of 686 sq. kil.

(260 square miles), or 686 million square metres, and hold 20,669 million

cubic metres. At + 20 metres the surface ft 560 million square metres, and con-
tents 14,876 million cubic metres. It would yield (without pumping) a net
40 million cubic metres per diem for 100 days, or about the average discharge of
low Nile from March to July. It^would practically double the summer (Sefi)

irrigation of Egypt,

The proposed works are :

—

(a) Cutting through the Myana Cb/: — 3,600 metres long; summit level,

+ 44 ;
bod of canal, + 21*8

;
average, 14 metres

;
material (hard clay)

to be removed, about 76,000 cubic metres for each metre of bed width.

(If) Dyke skirting desert : depth of water held up, 8 metres
;
section, 140

square miles
;
length, 14,600 metres

;
material (gravel, sand, and earth)

to be handled, about 2 million cubic metres.

(c) Short low cut (1,600 metres)
;
two short banks (600 metres)

;
and a

regulator.

The works could be completed within one year, and the Wadi Lulu and Wadi
Safir, being detached from the Wadi llaiyan, could be used as small reservoirs

until the Raiyan Basin was available. It would require one season to fill the

small basins, and three to fill the Raiyan Reservoir,

6. The Severn Watershed.^ By J. W, Willis Bund,

The Severn Watershed, with an area of 4,350 square miles, is the second
largest in England and Wales. The water supply within its area is no more than
sufficient for the population (1,600,000) and trades of the district.

1. Tub Present Source op Supply.

The Severn, from its source to Beachley, in Gloucestershire, is 168 miles long,

and its drainage area of 4,350 square miles, comprises parts of the following

ten counties:—Montgomery, Denbigh, Radnor, Salop, Stafibrd, Northampton,
Warwick, Worcester, Hereford, and Gloucester.

The Severn rises in one of the Montgomeryshire spurs of Plynlimon, about

2,000 feet above sea-level. At Llanidloes, 16 miles down, it is only 646 feet above
sea-level ;

at Newtown, 12 miles, 368 feet
;
at Montgomery, 8 miles, 306 feet

;

at Welchpool, 8 miles,'270 feet
;
at Shrewsbury, 32 miles, 179 feet. The fall of

the river m the 76 miles of its imper course is 1,821 feet
;
at the end of the next

30 miles (Bewdley) the fall is 108 feet (179 to .71) ;
at Stourport it is 63 feet

;

at Worcester, 35 feet. In the next 40 miles* to Framuode, the fall is about

•’ See Fnyineeriny, vol. xlvi.'p. 267.

* Paper published in extenso in the Report of Severn FithMy Board for 1888.
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3 inches a mile, or 9 feet 8 inches. After Framilode, round the Horseshoe bend, it

is about 1 foot per mile.

From Llanidloes to Sharpness, 140 miles, at mean sea-level the fall is 646 feet.

The tide flows up regularly to Tewkesbury, and a 28-feet tide at Sharpness puts the
Navigation Weir at Tewkesbury out of action. This occurs on an average four
times a month. Tha tide runs up to Upton, and on very high tides is still felt at
Worcester. ^

(il The Severit to Tewkesbury.

Area, 640 square miles
;
rainfall, 20'26. Except about 20 square miles of the

Upper Leaddon, which is partly porous, all the rocks of the Lower Severn are
superpervious.

(ii) The Avon.

Falls into the Severn at Tewkesbury
;
26 feet above sea-level

;
85 miles long, falls

226 feet (252 to 26); drains 1,040 square miles; rainfall, 20T1 inches. Except
a patch of pervious rock in the N.E. corner, all of the basin is composed of super-

pervious rocks.

(iii) Mid Severn.

Tewkesbury to Shrewsbury, leaving out the Teme
; &11, 153 feet (from 179 to

26); drainage aiva, 1,050 square miles
;
rtunfall, 19*64 inches.

(iv) Teme.

Falla into Severn about 2 miles below Worcester; about 27 feet above sea-

level
;
length, 64 miles

;
fall, over 600 feet

;
drainage area, 633 square miles

; rain-

fall, 22*91 inches. The rocks are impervious, 250 square miles
;
partly pervious,

300 square miles
;
superpervious, 50 square miles.

(v) Upper Severn.

Shrewshurr to the source, leaving out the Vyrnwy
;

fall, 1,821 feet (2,000 to

179); length, 76 miles
;
drainage area, 631 square miles; rainfall, 22*91 inches;

impervious rock, 260 square miles
;
partly porous, 381 square miles.

(vi) VxRNwr.

Falls into Severn at Melverley ; 217 feet above sea-level
;
length, 29 miles

;

fall, 1,283 feet (1,500 to 217); drainage area, 339 square miles; rainfall, 29*67
inches

;
impervious rocks, 330 square miles

;
porous, 5 square miles.

The proportion of rock impervious, partly pervious, superpervious, and pervious
throughout the 4,350 square miles of tne watershed is as follows ;

—

Square miles
Impervious . 840 j
Partly pervious 826
Superpervious 2,100
Pervious 686

The area ofhigh rainfall is'almost coextensive with the area of impervious rock.

2. Rainfall.

Taking the mean annual rainfall by counties, the figures are for 1887 :

—

Inches
Montgomeryshire 31*67
Shropshire 23*90
Worcester 19-86
Gloucester . 22*18
Hereford .

'. 19*63
Stafford . ' , . . 21*19
Warwick ^ 18*42

or for the watershed 22*38 inches.
, .
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As to monthly rainfall, September is the wettest month on a 20 years’ average
at 7 places, 3*38 Wng the figure. The driest is March, 1*86. As to distribution

of rainfall, the N.W. corner of the watershed is wettest, and the rainfall gradually
decreases as far as the N.E. corner, 25 to 30 inches. This remains the average, going
south, until the Avon watershed is reached, when it does not exceed 20 to 30 inches

;

and among the Ootswolds it rises to from 26 to 36 inches.

On tjie west there is a triangular area of high rainfall, of which the Severn,
from Llanidloes to Shrewsbury, is the base, and the apex is at Ooleford, in the
Forest of Dean, and the two sides are the lyatershed line and the Severn. Over
this area the rainfall is firom 30 to 40 inches.

Height above sea-level does not seem to be a safe guide to the rainfall in the
district, as the following figures from four of the counties will show :

—

Height in feet
Rainfall Average

of .8 years

%
Montgomeryshire—

inches
Tybrith * 595 4012
Montgomery . . . . 3 . 550 29-51 '

Churchstoke 540 3152 i

1

Shrojishire— 1

1

1

1

Bishopscastle 720 32-72
Church Stretton . . . . . . 1 702 30-00
Westbury 700 33-17

Worcestershire—
Lincombe r>2 27-38
Bevere 52 29-07
Diglis 49 20-00

Olottcestershire—
j

Westbury-on-Severn . . . . . 02 31-20
Frampton ....... i 42 27-72
Llanthohy ! .'JO 20-25

3. The Present Supply and Demand.

Taking the rainfall over the district at 25 inches, roughly, the present demand on
the water supply is, primarily, that due to the following population ;

—

Montgomeryshire
Population
00,000

Denbighshire ....... 6,000
Radnorshire ... ... 6,000
Shropshire 280,000
Stafford . 280,000
Warwick 100,000
Worcester . 390,000
Hereford 20,000
Gloucester . 360,000

Total . 1,500,000

Taking the supply at 20 gallons a head per day, including manufacturing purooses,
it gives 30,000,000 gallons

;
Liverpool and what is taken for the Shropshire Union

Canal takes 50,000,000 gallons a day
;
mills, navigation, and to Jceep up the head of

water, 20,000,000 gallons (a very low estimate). So that at the lowest the present
demand is 36,500,000,000 gallons a year. *

1888.
One year only (1886).

S p
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The supply is 26 inches on 4,360 square miles. An inch of rain is 14,600,000

gallons to the square mile. The amount is 1,676,876,000,000 gallons.

Deduct from this evaporation and absorption 20 per cent., 6 inches of rainfall

:

waste by floods 20 per cent., 6 inches rainfall. This amounts to 10 inches.

630,760,boo,000 gallons. Add to this 36,600,000,000 gallons (the present daily

demand), and the total is 667,260,000,000 gallons. Deduct this from the present

supply of 1,576,876,000,000 gallons, and the surplus o.ver the present demand is

about 009,625,000,000 gallons.

4. The Relation between the Rainfall and the Height of the
Rivek.

1. What rainfall in what parts of the watershed is required to produce a flood ?

Broadly, the rainfall on the east bank in Staflfordshire and Worcestershire

never causes floods, for

—

(1) The tributaries are too small to bring down the necessary volume ol

water.

(2) The porous nature of the rocks.

(3) The low rainfall.

To produce a flood the Montgomeryshire ».rainfall is required in addition.

2. Local storms, however violent, produce but small effect on the river.

(a) August 4, 1886, rainfall at I.iiicombe, 2‘43 inches. The height of the river at

Diglis and Tewkesbury on the next days was ;

—

Diolis Tewkesbury
feet inches feet inches

August .5 ....... 10 3 110

6

10 « 11 3

7

12 8 11 0

Besides the Lincombe rainfall on August 4 there had been in Montgomeryshin
falls of 1*41 inch at Dolanog, and 1*88 inch at Pennant, and on the 6th 2*0(

inches at Llansaintflraid. The water took two days to reach Diglis. The loca!

fall at most rai.sed the river there 3 inches.

On September 19, 1886, there was a fall of 1*68 inch on the Banw, but th<

Severn at Diglis remained unaflected for the next week at 10 feet 6 inches. Indeed

the height gradually fell. To rai.se the Severn at Diglis there must be at leasi

*20 inch of rain over most of Montgomeryshire.

The following figures show the Montgomeryshire rainfall and the height of th<

Severn at Diglis for 1887, and also the mean rainfall for the counties of Salop an^

Stafford :

—

Mean Rainfall in

Montgomeiyshire
Mean Rainfall in

Stafford and Salop
Height of Severn

at Diglis

inches inches ft ins.

January .... 2*71 2*69 17 6
February .... 108 •69 13 2
March .... liu; 1*64 11 7

April ir>4 1*26 10 10

May 2*08 1*92 10 9
June 108 1*63 11 0
July 1*8.8 1*48 9 7
August .... 3*89 2*63 9 6

September ... 3*08 2-.82 10 9
October . . . 2-39 2*68 10 2
November . .

'

. 2-42 1*84 12 9

December . . ' . 4*03 1*84 14 10

The summer rainfall, being mostly storm, produces little effect ;
the winter, noi

being merely local, at once makes itself felt. The avenge hdght at Diglis it
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1 1 feet 0 inches. To maintain this a rainfall of at least 2 inches a month over
the three counties is necessary—that is, over 1,964 square miles, or 56,956,000,000
gallons.

3. This gives some idea of the proper quantity of compensation water. The
Liverpool compensation water is 10,000,000 gallons a day, and 1,280,000,000
gallons a ]^ear in addition

; that is, a total compensation of 930,000,000 gallons a
year. This looks a large amount. The Liverpool gathering ground is 36 square
miles

;
an inch of rainfall over that is 532,(X)0,000 gallons. On September 9 and

10, 1886, at three places in Montgomeryshire the rainfall was :

—

Inch Inch Inch
September 9 l-OI -19 *90

10 — 110 —
The effect of the 3 inches of rain was to raise the Severn at Diglis 4 feet foi one day.

4. Rainless periods and the effect on the river.

The following were the rainless pci -ods for 1886 and 1887 at 15 places in the
Severn watershed :

—

1 880. February.—Four places, 12 days.

„ Three other places, 11 days.

March 3 to 15.—Kain only fell on 4 days at 4 places. Except a fall of
•40 inch, the whole fall was only *04 inch.

May.—No rain recorcfed anywhere from 1st to 6th.

June (from 23rd to July 7).—Only a total of *08 inch at 3 places.

Augxist 18 to 31.—Only ’18 inch in the watershed, except at a place in

Montgomeryshire, where a storm registered *27.

September 13 to 25.—No rain but at a place in Montgomeryshire, 1'68

inch on 1 day.
1887. February 6 to 13.—No rain.

„ 13 to 17.—Only *08 inch.

March (from ]*ebruary 25 to March 9).—Only *02 inch on 2 days at dif-

ferent stations.

April 6 to 20.—No rain registered in watershed.
June.—No rain registered in watershed between June 8 and July 4.

July.—No rain from July 30 to August 12.

August.—No rain from August 20 to 26.

September 17 to 26.—No rain in watershed.
October.— Until 8tli rain only fell at 2 places in watershed.

„ 16 to 23.—Only rain in 3 places. Total at all, *09 inch.

November 12 to 19.—Only *12 inch at 6 placca in watershed.

5. The effect of rainless periods on the height of the river :

—

Kaiuless Period
No. of
Days

Difference

iji Height
of River

Height at Beginniog
and End of Period

ft. ins. Date ft. ins.

1885. July 23 to 31 .... 8 2 0
(23
l31

11

9
6
6

August 12 to 20 . 8 1 2
,12
(20

11

10
2
0

1886. February 22 to 28 . 6 1 5
(22
<28

13
12

5
0

March 6 to 14 8
!

1

0
< 6
1 14

12

11

0
0

April 28 to May 7 .

1

9 0 6 1
< 7

11
10

4
10

June 22 to July 7 . 16 0 9
(22
1 7

11

10
0
3

August 21 to September 1 .
.

j

J

11,
1

1

6 P{
;o
9

4
10

December 16 to 21 . . . 6 ! 12 •3
ill

27
16

4
1
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i Rainless Period
No. of
Days

Difference

in Height
of River

Height at Beginnini
and End of Period

!

ft. ins. Date ft. ins,

1887. February 6 to 16 . 11 7 2 1
®

he
18
11

10
8

„ 24 to March 9 . 13 0 9
i24
• 9

11

11

9

0

April 5 to 21 16 1 0 1

^
hi

11

10
3
3

June 8 to July 4 . . . . 26 '

1

2 4 \

^
* 4

u
9

10
6

July 18 to 24
1

6 !

— — |18
l24

9
9

6
6

„ 30 to August 12 . . ? 12 0 3
f30
h2

9

9

6

3

! August 20 to 26 .

i

6
j

1

0 2
(20
he

9

9
8
6

September 17 to 26
1

9 , 0 9
jl7
he

10
9

7

10

The figures seem to show that when the lowest level is reachetl, continuance of

rainless periods has not much effect on the river. But, besides the mere absence

of rain, so many other matters have to be taken into account that a deduction is

impossible.

SATURDAY, SEPTEMBER 8.

The following Papers were read :

—

1 . On Bolling Seamless Tubes from Solid Bars or Ingots, by the Man nesmann
Process! By Frederick Siemens.

The author refers to the circumstance that steel and toughened glass, though
specially suitable, on account of their high qualities and strength, for use in the

arts, have been somewhat neglected owing to the difficulty of welding and cutting

them. Attention is next drawn to the combination of strength with lightness

which the tubular form admits of, and to the extensive use of tubes in construction

which is likely to follow from a simple means of producing them. The different

kinds of rolls hitherto employed which are classed as the longitudinal, circular and
intermediate, are passed in review, and the process which forms the subject of the

paper is then described.

In the Mannesmann Process, a certain relation between longitudinal and rotary

motion is maintained, so adjusted for each material to be worked that a twist is

imparted to the fibre resulting in great strength and toughness of the manufactured
product. The following is the mode of manufactnre: A bar is placed between
conoidal rolls, where the diameter and th^efore the velocity are least, and
is gradually drawn forward into contact with those portions of the rolls which
travel more and more rapidly. The rolls are so set that the space left between
them for the passage of the bar decrea.ses slightly, so as to cause a certain amount
of material to he shifted.

^
The action of the rolls preventing this material from

being taken fropa the outside of the bar, it is consequently drawn from the interior,

a hollow being first produced and then a tube.

A mandril may be employed to finish and smooth the interior and to enlarge

' Printed in extenso in Engineering, vol. xlvi. p. 291. c
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the diameter of the tube. That the mandri|L|9 not required in the manufacture is

proved by stopping’ the action of the rolls wmie the bar is passing through them,
and breaking off the bar where the hollow is just commencing to form; the metal
inside is found to be crystalline and bright, as before being cut there is a vacuum
witbin the hollow, no air, of course, entering during the process of manufacture.

^.Specimens of tubes made out of Siemens open-hearth steel, which material is

specially suitable for the purpose, were exhibited at the meeting
;
these show how

the tube in the centre commences by a fracture of the metal, which widens out, and
also the twist of the fibre having the appearance of a rope, wliich assists in giving
the tubes their great toughness and resisting power.

2. Gaseous Fuel} By J. EnrEBSON Dowson, M.Iu8t.G.E.

At the York INfeeting of the Associa.ion in 1881 the author explained an appa-
ratus for making cheap heating-gas by pj^ssing steam and air through incandescent
fuel. Since then the app.aratu8 has been considerably improved, and the gas made
in it has been much used, not only for driving engines but for heating in many
industrial processes. The composition of the gas necessarily depends somewhat on
the quality of the coal used and on the condition of the fire

;
the average com-

position is much the same, whether the gas is made at the rate of 1,000 cubic feet

{

)er hour in a small generator or at the rate of 15,000 cubic feet per hour in a
arge one. In 1881 it was necessary for gas engines to use five volumes of this

generator gas for one of ordinary lighting-gas to develop the same power : since

then some important modifications have been made in the Otto engines, and it is

now necessary to use only four volumes. In 1881 only one engine of 8^ horse-power
had been worked with the author’s gas, but since then a large number of engines

have been worked with it, one indicating over 80 horse-power. For more than four

years Messrs. Crossley, the English makers of the Otto engines, have used this gas

exclusively at their works for an average power of 150 horse-power, and after a care-

ful trial extending over thirty-five weeks they have found that the fuel consumption
was only 1*3 lb. per indicated horse-power per hour. At these large works there

is no chimney except for the blacksmiths’ shop. Eeturns sent by eleven users of

Otto engines working regularly in different places with the authors g-as, and aver-

aging 35 horse-power each, show an average fuel consumption of about 1*3 lb. per

indicated horse-power per hour, which is less than half that required for the best

steam engines of equal power. The results of other tests are given, and, seeing that

all have been obtained under practical working conditions^ the record is certainly

satisfactory. Many letters have also been received testil^^ng to the ease with
which the gas plant can be managed.

The author considers himself justified in saying that gas-power is now fairly

launched in competition with steam-power, and he thinks with the late Professor

Fleeming Jenkin that eventually the former will to a great extent supersede the

latter. The author also thinks it tolerably sure that even better results than those

already recorded will be obtained when an engine is really designed to give the

best effect with generator gas. It is well known that in the Otto engines each new
charge of gas is diluted with a portion of the products of combustion from the

previous charge, and this answers very well for ordinary lighting-gas. But as

generator gas, such as the author’s, has only about one-fourth the explosive power

of the other gas, it is a disadvantage to dilute it with products of combustion, and

he feels confident that sooner or later makers of engines will find it expedient to

design all engines of large power specialljr for cheap generator gas. The best fuel

to use for making the gas is anthracite, as it does not yield tar or other condensable

products, and does not cake in the generator. Ordinary gas-coke can also be used

with certain precautions.
^ . “ , . ,

Several instances are given of the use of this gas forneating of various kinds.

At the Gloucester County Asylum it has been used dailjr for about five years.

All the kitchen-work for the staff' and inmates is done with it, and there is no

> Printed in extenso in Scientific KervSt Sept. 1888, Also by the author.
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ordinary fire in the kitchen ; about hundred quartern loaves are baked with
the gas every day at a cost of aboiit one shilling only for fuel. The gas is also

used for two 12 horse-power (nom.) Otto engines, which pump water and drive

a dynamo for electric lighting. This gas is used on a large scale at the cocoa

works of Messrs. Van Houten & Son, Messrs. Cadbury, and Messrs. Kuss-Suchard
& Co. Messrs. Onderwater & Co. of Dordrecht use it for heating the drying-

chambers in their starch works. Messrs. Guittet of Ilerblay have for some years

used it for making varnish, and they not only effect a considerable economy, but

they avoid all risk of lire, which is a great consideration in varnish works. This

gas is also used by the Soci«Ste Nestld for soldering their condensed-milk tins, and
more recently it has been adopted by Messrs. Huntley, Bourne, & Stevens of

Reading not only for soldering but for heating a large number of ovens in which
japanned and varnished goods are stored. Messrs. Hillman, Herbert, & Cooper
use this gas at their Coventry works and in Germany for brazing with blow-pipes

the joints of bicycles and tricycles, as w,ell as for enamelling. On the Continent
several firms use this gas for singeing silk yarns and textile fabrics. It is also

used by several linen manufacturers in the north of Ireland for stentering, which
they formerly did with hot air. The cost of the gas somewhat depends on that of

the fuel
;
but, speaking generally, the equivalent of 1,000 cubic feet of ordinary

lighting-gas costs from sixpence to one shilling.

3. The Shipman Engine. By W. R. Pidgeon, M.A.

This motor is an automatic petroleum-burning steam engine, and has been

designed by Mr. Shipman-, of America, for use, either on launches or in houses,,

where a moderate amount of power is required. One of its essential points is that

it is automatic, so that, when once steam has been generated in the boiler, prac-

tically no further attention is required beyond that of opening and shutting the

steam valve -whenever the engine is started or stopped, the fire, speed, and water-

feed being so arranged as to attend to themselves.

The engine is simple or compound, as may be best suited to the work it has

to perform, and is built upon the same frame as the boiler. This latter is com-
posed of tubes about 18 inches long, which are screwed into a fiat oblong chamber
at one end and closed at the other, and is fired externally.

Two small aspirator.^ or atomisers, taking steam from the boiler, suck up the

petroleum, which is used as fuel, from a chamber below, and drive it into the-

furnaces in the form of a tine spray. A couple of torches ignite this spray as it

passes inwards, and the flame.s produced by its combustion rush round and among
the boiler tubes. The amount of steam and petroleum that is used by the atomisers

is regulated by a diaphragm connected to a valve in the steam pipe that supplies-

them.
This diaphragm is exposed to the steam pressure on the one side, and is held

down by a spring, loaded to a certain prtjssure, on the other, and moves upwards
or downwards as the steam exerts more pressure than the. spring, or vice versa. Its

movement is conveyed to the valve by means of a rod, and it thus regulates the

amount of steam pa.ssing at any moment to the atomisers. In this way the fire is-

made to vary inversely as the pressure in the boiler, and thus keeps the latter

constant.

The petroleum is stored in a tank at any convenient distance from the motor,
and is led to it through a pipe having a regulating valve in it. The water in the

boiler is kept at a constant level by means of a fioat, connected to a tap in the
suction pipe of the pump. This fioat is placed in a chamber, which is joined to

the top and bottom of tfie boiler, and rises or falls with the level of the water.

The movement is conv^|?t3d, tlirough a stuffing-box and by means of levers, to the

tap in the suction pipe, which it opens or closes as the water level changes. ,

The speed of the engine is kept regular by means of a governor, wmch works
directly on to the excentric, ana the lubricating of all journals, cylinders, and
^ides IS performed by the ordinary sight-feed lubricators and cups, except that of
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the crank-pin, which is effected hy means of a centrifugal oiler attached to the
crank disc. It may be seen from the foregoing that, when once steam is up, the
Hies, the water supply, the oiling, and the speed of the engine require no further
attention. But, when first starting, a sufficient pressure is required in the boiler to
work the atomisers, and for this a hand air-pump is provided. A few strokes of
this pump will suffice to start the fires, and it is only necessary to pump slowly
for five minutes to raise sufficient pressure of steam to keep them going, fifteen

minutes in all being required to get steam up to 100 lbs. per square inch.

As regards the other requirements of small motors, the Shipman engine is

compact, not heavy, and simple to understand, so that it neither requires much
space, strong foundations, nor a skilled attendant. An engine developing 4^ h.p.

on the break uses 4*21 lbs. of petroleum per h.p.
;
and this, at 7d. per gallon, would

give the cost of running at under Od. per break h.p. per hour.

4. On the Disengaging of Boats, ^c. By E. J. Hill.
•

At the meeting of the Association in 1872 the author described a new hook for

lowering and disengaging parcels, boats, and otlier objects, which shortly after-

wards was very generally adopted, over 10,000 sets being at present in use.

After having considerable expirience of this appliance the author in 1879
designed a simpler form, which may be described as a hook, shaped in the form of

a horse’s head, working in a link or shackle, and this in its turn has resulted in the

form exhibited. One of the principles in view in all three systems is that the hook
shall consist of a solid piece of metal, and not be altogether dependent upon the

proper working of the pants added to it.

The new hook is a solid piece in the form of the letter G. Through the thick

or back part of this G is a slot to admit of a small traverser having a U-shaped
recess at one end which passes into the opening of the G, not only tilling up the

aperture but forming a perfect O. The upper part or actual hook of the G is

curved round to such an extent that a ring or hook when engaged is safe to an
angle of about 45°, and therefore it is impossible with a fair strain for the traverser

to be moved
j
but, when this strain is taken off, the ring is inclined to fall into

the U of the traverser, and of course is easily withdrawn. When it is required to

prevent the traverser being moved in the end which projects through the back of

the G a slot is made, in which a .small flat locking key works. A pin or check is

fixed on the traverser to control it in its movements. One of these hooks is fixed at

each end of the boat pointing in the same direction, namely, towards the bow’.

By attaching a piece of wire rope to the two traversers the hooks are made to

work simultaneously, as was demonstrated by means of models. This jdan can be

worked safely in several ways, either by the men in the boat, the coxswain of the

same, the officer in charge of the lowering on board the ship, or automatically, in

all of which cases the reliability of the working of the hooks is ensured.

The author concludes with a reference to the increased interest now being taken

in all matters connected with the saving of life at sea.

6. The old Orkney Glide Mill. By Professor A. Jamieson, M.Inst.C.E.

The author, during a recent visit to the Orkneys, while inspecting one of the

mountain burns that run down to Birsay Loch, came across a specimen of the old

Click Mill, said to derive its name from the click-clack noise created by it when at

work, which is supposed to have been introduced into these islands several cen-

turies ago by the Norwegians. The interesting points about it are :—(1) It is the

only remaining mill of its kind in Orkney
;
and (2) it is very like the latest and

most perfect form of horizontal turbine in general conception and arrangement,

for the water comes down near the centre on one side and flows freely away to

the tail race. The farmer, Mr. Nicol Folster, stated that the mill had worked in

its present position over 100 years. The construction and action of the mill were

explained by means of a sketch and explanatory index. It consists of a horizontal
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wheel connected direct to the moving or upper millstone by a vertical spindle,

thus avoiding much friction.

The author concludes by pointing out how interesting it would be to ascertain

whether another specimen of this mill is to be found in the British Isles, and why
it has given place to the more complex vertical breast or overshot wheel, to again
he reproduced in the most efficient form of turbine ?

MONDAY, SEPTEMBER 10.

The following Papers were read :

—

1. On the aj^pUcatlon of Electricity to the working of a 20-ton Travelling

Crane} By W. Anderson, MJnst.G.E.
r

One of the travelling cranes in the foundry of the Erith Ironworlis was
originally constructed to be worked by hand, but preparations had been made to

apply wire rope driving at some future time.

The crane it' 139' 0" span, and consists of a'pair of wrought-iron girders resting

on end carriages running on an elevated line of rails. The gearing for hoisting

and for longitudinal and cross traverse is secured on to the top of the main girders,

the hoisting chain passes from the barrel at one end over a pulley at the other, then
back to the pulleys in the cross traversing carriage, which runs between the main
girders, through a falling block, and thence to an anchorage under the barrel at the

extreme end of the main girders. By this arrangement the crane occupies a
moderate height, and the hook can come within three feet of each wall.

The inconveniences and wear attending the employment of rope-driving gear in-

duced the writer to try whether electricity might not be used with advantage. Messrs.
Elwell Parker, of Wolverhampton, were communicated with, and these gentlemen
undertook to supply the dynamo and a motor suitable for the peculiar requirements
of a heavy crane. The dynamo, which was intended to give 60 amperes at 120
volts with 1,200 revolutions, was fixed in the main boiler-house of the works, and
was driven bv a small horizontal engine bv means of a link belt. The leads from
the boiler-hou.^e up to the conductor in the foundry are of 6 B. W. G. copper
wire, while the conductor is formed of an angle-iron bar 2'' x 2" x extending
the whole o60-feet length of the shop, and has one face roughly ground and pro-
tected from rust by vaseline. The return current travels along one of the rails

on which the crane runs. The motor, which is shunt wound, and constructed for

100 volts and 60 amperes, is fixed on the working platform of the crane beside one
of the main girders. Its driving spindle carries a steel pinion which gears into a
double helical spur w'heel keyed on to a shaft which runs longitudinally on the
top of the girder, and is connected by neats of three bevil wheels, with friction

clutch connections to the three shafts which command the several movements of
the crane, the means of using the hand-power being still retained.

Two sets of speeds are arranged for each of the movements, namely

:

Hoisting . . slow 3 4 feet per minute, fast 10 feet per minute
Cross traverse . . „ 26 „ „ „ 106 „ „
Longitudinal traverse „ 78 „ „ „ 213 „ „

To provide against undue strains upon the motor, an automatic mt^etic cut-

out is fixed on the crane, and for the purpose of varying the power and speed to

meet the requirements of the foundry, a set of resistance coils is provided, governed
by a special switch by means of which different resistances can be introduced into

the armature circuit of the motor, or the current can be cut off altogether, but so

that it must be done by steps, and not suddenly. The connection between the

motor and the conductors is by means of brushes pressed against them by elastic

' Printed in esetemo in Engineering, vol. xlvi. p. 268.
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attachments. The handles for operating the several movements, the break lever,
the switch and the automatic cut-out, are all collected together, so that a single
attendant can readily work the crane from one spot.

^

The crane was set to work in June last, and has continued to act satisfactorily
•ever since. The advantages are very great in the facility of adaptation, as it is so
easy to transmit the power from any point. ' The main boilers being always under
stettm, the crane is available at a moment’s notice. The duty realised is about 65
per cent, of the power developed in the driving steam-engine. As far as can be
judged at present, there is no special wear to apprehend. The conductors act
satisfactorily, though a considerable length is in the open air, and the dust, heat,
and smoke of the foundry do not appear to affect the working.

When first proposed, the writer was not aware of the existence of any other
electric crane, but he has since learned that Messrs. Mather & Platt, of Manchester,
have had one working satisfactorily for some time, and that there is one also in
France.

Expenment.8 on Electric Foundry Cmne, Frith Iron Worka, August 1888.
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2. On recent Developments of the Cowles Aluminium. Process.

By R. E. Crompton.

It is unnecessary to again describe the earlier stages of the Brothers Cowles’

invention of the electric furnace. I confine myself to a description of such parts

of the new plant which has been recently put down at Milton, near Stoke-upon-

Trent, that 1 think will be of general scientific interest.

The experience in America at the works at Lockport, Ohio, showed conclusively

that great economies were to be expected from increasing the size of the furnaces

and the strength of the electric currents employed to work them
;
but no current

larger than 3,000 amperes had been used up to the time that the Milton Works
were planned.

Mr. Eugene Cowles came over to England to ascertain whether English makers

of dynamo machines were prepared to supply one 60 per cent, larger than Mr.

Brush’s ‘ Colossus,’ which had been mode specially for them in America, and which
was then the largest direct current machine in the world. He prepared his speci-

fication for a dynamo to give a current of 6,000 amperes at 60 volts, and
eventually Messrs. Crompton’s designs and tender werg accepted.

The works were built near the Milton Station, on the North Staffordshire Rail-

.way; the boilers for generating the steam required al'e of the Babcock Wilcox
itypd, and are provided with mechanical stokers ; the steam-engine is of 600 h.p.,

«%nd is a compound condensing horizontal tandem, made by Messrs. Pollit and
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Wigzel of Sowerby Bridge. It is furnished witli au exceedingly perfect centri-

fugal governor, which maintains the speed accurately at seventy-six revolutions in

spite of very great fluctuations in the load. The electrical means of stopping the
engine have been provided in the shape of Tate’s electrical stop-valve, which may
be described as an electro-magnet aiTangement with the ordinary pushes for com-
pleting its circuit, which actuates a steam relay piston set to close the main-stop*

valve. The fly-wheel of this engine is twenty feet in diameter and weighs thirty

tons, and is geared to the pulley of the dynamo, so that the latter makes five revo-

lutions for each revolution of the engine by .rope driving gear consisting of eighteen,

ropes.

This engine is an extremely fine specimen of a modern steam-engine
;

it works-

so silently that a visitor standing in the engine-room with his back to the engine
railings at the time the engine is being started, cannot tell whether it is in motion
or not. The dynamo at fir.st sight seems very small when compared with the
steam-engine driving it, the fact being that it is dwarfed by the enormous fly

wheel of the engine ; it is only when one stands*close to the pliimmer-block bear-

ings that one realises the great size of the spindle, and of all the parts required to*

transmit the power to the armature coils.

The author was well aware when de.^ignlng this machine that the mechanical,
strains on the spindle, core attach nieuts, and winding were likely to be of an extra-
ordinary nature. The following precautions were therefore adopted, and as events
have turned out they have been more than justified. The spindle is of steel,.

18 feet long, with three bearings, one being placed on either side of the driving

pulley. The diameter is 7 inche.s in the bearings and 10 inches in the part within*

the core. This part in the original firging was 14 inches diameter, and was planed
longitudinally, so as to leave four projecting ribs or radial bars on to which the-

core discs are driven, each disc having four key ways corresponding to these ribs.

There are about 000 of the.se discs, the external diameter being 20 inches, and the
total length of the core 36 indies. Originally this core was provided with thirty-

two driving-teeth made of steel, each tooth riveted to sockets attached to eight of
the core discs. It may here be mentioned that, as the working has shown, the strain

on these driving-teeth was perilously near their factor of safety
;
their number has-

been doubled, so that now the tangential strains are borne by a very considerable*

percentage of the core discs.

The armature winding consists of 128 copper bans, each .seven-eighths of an*

inch deep, measured radially, by three-eighths wide. Tliese 128 bai*s are coupled!

up so as to form thirty-two conductors only; this arrangement has been adopted
to avoid the heating from Foucault cmrrent.s, wliich with one-and-a-half inch con-
ductors would have been very con.siderable. The bars are coupled at the ends of
the core across a certain chord, according to au arrangement patented by the author
and Mr. Swinburne, which consists of crescent-sliaped bars so formed that the
whole surface is thoroughly exposed to tlie current of air passing through the
armature

;
they are also somewhat shorter than those usually employed on drum-

wound armatures. The bars are insulated by a covering of ‘ fiburite,’ a material
which has been recently introduced by Messrs. Crompton, and which will stand a
temperature of 160° Cent, for long periods without the least discolouration,

softening, or alteration of its mechanical and insulating properties. The com-
mutator is 20 inches long, has sixty-four parts, and in addition to the usual
tightening nuts at the two ends, is provided with a third tightening ring at the
centre to prevent the tendency of such long commutator strips to spring when
worn down thin. The current is collected by eight brushes mounted on a separate

ring placed concentric to the commutator, and the current is led away from these

brushes by a large number of thin bands of sheet copper strapped together inte

convenient groups.
The field maCTets are l>f the horizontal double type, and were adopted bjr the

author and Mr. Swinbump after a careful series of experiments, which convinced
them that the fashionable single magnet form was very unsuitable for this kind of"

machine.
As this machine is virtually a series wound machine, the magnet coils each con*^
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Slat of a few turns only of forged copper bars, one-and-a-half inches wide by one
inch thick, forged to fit the magnet cores. There is no insulation other than mica
wedges to keep the bars from touching the core.

The armature is ventilated by a current of air from a Schiele’s fan, driven by a
belt from the armature spindle. At 380 revolutions the armature can give 5,000
amp6re% at 00 volts, and the temperature of the hottest part, which is the end
plates next the commutator, never rises beyond 70° Cent. Although this machine
was designed to give only 6,000 amperes, yet, electrically speaking, it is capable of
doing very much more, and in actual practice it has frequently to stand a current
of 8,000 amperes for short periods. But, as will be shown later, when the furnaces
are employed to* produce ferro-aluminiura there are frequently violent oscillations

in the current, which would make it unsafe to employ an average current much in

excess of 6,000. In fact, as has been stated above, it has been found necessary
already to increase the number of driving-teeth in order to provide against the
driving strains at the times of maxipum cur:*'nt. When the machine was first

tried the main circuit was unprovideo with cut-out, and there is no doubt that at

this time the armature stood the test more than once of temporary currents exceed-
ing 16,000 amperes. Since that time a safety cut-out has been provided, calculated
to fuse at 8,000 amperes

;
this, probably the largest one that has ever been de-

signed, consists of a framework carrying twelve lead plates, and these fuse at the
calculated point in a most satisfactory manner, without any undue detonation or

scattering of the molten lead.

Next to the cut-out comes the current indicator, which is simply a solenoid

of nine turns througii which the whole current passes. The core is attached by
chain-gear to the pointers, of which there are two mounted on one spindle. One
pointer and dial is placed in the engine-room, and the other in the furnace-room.

The gearing of this spindle is calculated so that the range of the instrument up to-

8,000 amperes extends over the entire circle of 360 degrees. The construction of

the solenoid for this indicator is somewhat novel
;

it is cut out of a cylinder of cast

copper by means of a parting tool in a screw-cutting lathe.

There are two furnace-rooms, each containing six furnaces, and the conductors,,

after leaving the current indicator, pass right across the two rooms at a height

somewhat above the attendants’*heads. The current is supplied to the furnaces a.S'

follows :

—

Kach furnace-pit consists of a long* trough built of firebrick, the ends being"

closed by cast-iron pipes through whicli carbon electrodes are arranged so that

they can be moved lengthways to and fro by the attendant in charge. It will be-

remembered that one of the main features of the Cowles’ invention is the use of

limed charcoal as a lining lor tlieir furnace
;

tliey thus obtain a highly refractory

non-oxidising lining which is also a non-conductor of electricity, as the lime pre-

vents the particles of carbon fusing together and thus forming a continuous con-

ductor, which would otherwise short circuit the furnace and be consumed under

the action of the current, instead of the latter performing its proper duty of main-

taining the furnace contents at the required high temperature. The electrodes

—

each of which consists of nine carbon rods attached to a cast-iron head, mounted
on a copper rod passing through the above-mentioned cast-iron pipes—are each

provided with flexible copper-wire cable connections, having an attachment sliding

along the conductors passing overhead and somewhat behind them. When it is

desired to supply the current to any one furnace, the attachments are slid into posi-

tion opposite it and clamped fast to the conducters
;
to start the furnace the elec-

trodes are brought together so as to touch, and then separated until the whole of

the contents of the furnace between them is an incandescent mass at the required

high temperature.

The working of a charge in the furnace is carried out as follows : the bottom

of the empty furnace is covered with limed charcoal
;

iflie electrodes are brought

info position, and a former, or iron box without top or bottom, and of a size deter-

mined by the space to be occupied by the charge, is placed in the furnace ;
the

ends of this sheet-iron box are arched out so that it can be dropped over the elec-

trodes
; the furnace lining of limed charcoal is then rammed up in the spaca
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between the iron former and the furnace-walls. The space inside the box is filled

with the furnace charge, which, when ferro-aluminium is to be produced, consists

of a mixture of charcoal, bauxite, and iron-turnings, but when the cupro-aluniinium
is required granulated copper is substituted for the iron turnings.

When tiie furnace lining and contents are brought up to the proper level, the
iron former is carefully lifted, much as a moulder draws a ])attern from the
sand ; the cover is then luted on to the furnace, and it is ready for the’ electric

tcurrent.

This at first is kept down to 3,000 amperes, but as soon as the charge is

thoroughly warmed through, and the furnace contents become incandescent

throughout, the current is iuci*eased to 6,000 amperes, and in about one hour's time
the reduction is complete.

The reduced aluminium trickles through the furnace contents, and collects at

the bottom below the electrodes, from which in the furnaces last constructed it

can be tapped out continuously. Mr. (Jowle^ believes that the temperature of the

centre of the furnace is so high that both me reduced aluminium and the metal
with which it is to be alloyed are vapourised and combine as a chemical conqKnind
when in this condition, being condensed in the upper and cooler part of the fur-

nace, and thence passing down the sides to the bottom.
The working of the furnace when cupro-iftlinninium is to be produced leaves

nothing to be desired
;

the current can be steadily increased from the com-
mencement, ai.d towards the end of the reduction it is extremely constant,

so that the load on the boilers, engine, and dynamo is fairly steady throughout

;

but when making ferro-aluminium the conductivity of the furnace contents varies

through very wide limits, and this brings heavy strains on both the steam-engine
and dynamo, which must be met by correspondingly increased strength of parts.

The chief feature of the process which strikes a visitor to Milton Works is the

small number of men necessary to work the process : two men in the engine and
dynamo room, one man at the boilers, and one boy to manipulate the electrodes of
the furnaces, are all that are required for the active part of the operation

;
two

labourers can easily charge and re-line the furnaces, and the remaining staff

required for melting down, standardising, and casting into ingots the various

•classes of furnace products is correspondingly small.

From the experience already gained, the author sees no difficulty in designing

and constructing engines and dynamos to supply currents of 15,000 or even 20,000
amperes, if such l^e required, for Cowles’ furnaces of enlarged size. The electrical

difficulties met with in the construction of this large machine have been compara-
tively small, w'hereas the mechanical strains have been unexp€*ctedly great, and
must be provided for by extreme solidity and massive construction.

Ilecent investigations made in America by Mr. W. J. Keep have shown that

the use of ferro-aluminium is likely to be enormou.sly extended when its properties

in relation to cast-iron are thoroughly understood and appreciated by the engineer-

ing world. Mr. Keep is a gentleman who is well known in America, and his

statements are entitled to be received wdth the utmost respect. AVe already knew
in this country that the addition of ferro-aluminium to cast-steel or to ingot iron

in such proportion that the finished casting will contain not more than one-

thousandth part of aluminium produced extraordinary effects, in some cases re-

ducing the melting-point 300° Cent., and in all cases imparting great fluidity to the

metal, thus giving us sharp castings free from blow-holes: but it has remained for

Mr. Keep to show us that the addition of an infinitesimally small percentage of

aluminium to cast-iron insures perfect castings, freedom from blow-holes, and
almost all the ills to which the ironfounder is subject. Mr. Keep's repolrt is jso

very full that it is impossible to give any remnie of it here. I only call attention

to it to show the extreme importance that ferro-aluminium is likely to assume in

future engineering, and that as far as we know at present the perfected Cowles'

furnace is capable of producing the desired material in any quantity and at a
moderate cost.
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3. Electric Lighting in America} By Professor George Forbes, F.B.8.

The author drew attention to the directions in which this industry has been
developed in America. The chief progress in central station work has been in'

three directions—(1) Arc lighting; (2) incandescent lamps with 3-wire system;
(3) incandescent lamps with converters (Gaulard-Gibbs system). The number of
arc lamps is now about 300,000. Every city in the States has some streets lighted
by arc lifmps. The author described the methods of distribution, and gave the
reasons for slow progress in this country. There are at present 2? million incan-

descent lamps in use in the States. The ewathor described the special features ol

the central stations, and drew conclusions as to the lessons to be learnt and applied

to practice in this country.

4. On a System of Electrical Distribution} By Henry Edmunds.

The problem of the distribution of elect ricity has considerably occupied the
attention of engineers, and several methods are in practical use, which may be
classihed under two heads— *

1.

—Direct supply, which has the advantages of simplicity, and the employment
of currents of low tension

;
but the disadvantages of requiring large conductors,,

and being limited to short distances l^om the source of supply.

2.

—Secondary generators, which are available over a larger area, and consider-

ably lessen the size of conductors, but, on the otlier hand, require to be more care-

fully insulated and protected, to prevent danger to life and property from the high
tension alternating currents employed.

Both these systems are dependent upon the regular working of the machinery
at the central station

;
any stoppage plunging a whole district into darkness, to

the great annoyance of consumers. To obviate this difficulty, secondary batteries

have been suggested, which would act as reservoirs, always leaving a margin to be

drawn upon in case of need. After reviewing the attempts which had been made
at New York and Colchester to utilise secondary batteries for the distribution of
electricity, and pointing out the causes of failure in each case, the * Edmunds’
System of Electrical Distribution,’ in actual use by the Cadogan Electricity Supply
Company in Loudon, is described.

By this system, groups of cells are placed in various portions of the district to-

be lighted, each group being divided into a given number of sections. If the
group be diWded into four sections it is arranged that three of these sections shall

be sufficient to supply the local demand, while the fourth is being charged by a

line from the central station. At given intervals, the section which has been
charged is removed from the main charging circuit, and switched into the local

one, through which it discharges itself, its place in the charging circuit being

taken by one of the other three, which, in its turn, is removed, and replaced by
the next, and so on. So each section is kept well charged, the charge never being
allowed to fall below a certain point. Thus the great desideratum is achieved,

viz., constant supply

j

quite independent of any accident on the line or at the central

station. These changes are brought about automatically by an instrument called

a * Distributor,’ consisting of a revolving shaft carrying cams which, in their rota-

tion, cause levers to rise«nd fall, and thus make and break the necessary contacts!

at the proper intervals. A polarised switch is attached, to prevent the current

from entering the cells in the wrong direction, and also a voltage regulator, which

keeps the batteries out of the charging main when they are fully charged, and

connects them to it when they become exhausted, while a simple form of meter

registers the amount of current consumed from day to day.

This system offers many important advantages. The durability of the cells is

much increased, owing to the favourable conditions under which tfiey work. The
lamps give greater efficiency, through their being always rhn at an even pressure.

The conductors are of moderate dimensions, and do not require to be enlarged

• Printed in. extenso in Electrical Review, vol. xxiii. p. 276'.

* THd. vol. xxiii. p._284.
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upon an extension of the work. The tension of the cu^nt employed is never high
enough to endanger life or property

;
while the consumer has a reserve of elec7

tricity always at command, and is thus relieved from all anxiety regarding any
-sudden failure of,the supply.

5. The Measurement of Electricity in a House to House Supply
By W. Lowrie.

6 . Electric Light applied to Night Navigation upon the Suez CanaV^
By R. Percy Sellon.

I. During the commercial crisis extending from 1878 to the early years of the
present decade, traffic upon the Suez Canal increased largely. The number of ships

passing through the Canal in 1878 was Ij.'iOS; this increased to 3,624 vessels in

1886, equal to a gross tonnage of nine million tons.

Increased trafiic gave rise to inconveniences and resulted in frequent delays.

Shipowners put pressure upon the (/anal Company to afford facilities to cope with the
increased traffic. In 1885 the average time occupied in passing through the Canal
•(eighty-seven geographical miles long) amoijnted to from forty to forty-five hours.

To meet the general demand the Canal Company introduced various improve-
ments, and ill the year 1884 commenced experiments to determine the jiracticability

•of navigation during the night by means of the Electric Light.

Owing to difficulties incident to the case these experiments occupied two years,

Tesulting in an authorisation issuing from the Canal Company, in December 1886,
permitting vessels of war and mail boats to navigate some portion of the Canal if

provided with suitable Electric Lights.

In April 1886, the s.s. ‘ Carthage,’ of the Peninsular and Oriental Steam Naviga-
tion Company, for the first time made the prescribed passage by night successfully,

and was followed shortly by others.

The success of these results encouraged the (?anal Company to extend the au-

•thorisation to vessels of all classes, and to throw open the whole length of the Canal
to them. Thus, in P'ebruary 1887, this authorisation was made public subject to
certain regulations laid down by the (’anal Coin])any.

II. The plant to comply with above regulations consists of three essential

•parts

:

1. Dynamo-Generator and engine.

2. Projector .Search-Light to throw a beam 1 ,2(X) metres ahead of the
vessel.

3. Automatic Electric Lamp capable of illuminating a circular area of 200
metres diameter around the vessel.

Accompanying diagrams illustrate the above plant and a vessel so fitted navi-

'gating the Canal.

The engine is of Brotherhood’s three-cylinder type coupled direct to a Brush
Victoria dynamo. The Projector Search-Light, fitted with spherical silvered

•mirror and diverging lens, is arranged to throw a be§m diverging to angle of

twenty degrees to a distance of 1,2(X) metres. The projector is fitted to a platform
arranged to accommodate an attendant to manipulate the light, the whole being
fix^ to the stem of the vessel, forward and close to the water-line.

The automatic lamp is suspended from the masthead and lighted when passing

vessels.

III. Figures are adduced to show the development of the Electric Light for this

^purpose : its aSdvantages, economy, and probable future developmjpnt are discussed.

‘ Printed in extenso in Electrical Review

^

vol. xxiii. p. 308.
* I\A(L vol. xxiii. p. 279.
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7 . Electricity as applied to Mining} By Frank Brain.

This paper is written from the mining engineers^ standpoint, briefly sketching
the known applications of electricity to mine-working up to the present date.

The writer regrets there is very little known to add to what has already been
made public. He cannot but express surprise that a power which it is apparent
has now passed the range of experiment, and is developing itself economically and
efli^ently, should not have been made greater use of than appears to have been the
•case hitherto.

The recommendations of the Mines Commission and the passing of the more
stringent Coal Mines Act of 1887 have both stimulated mine managers to inquire

into and recognise the advantages of electricity for blasting and lighting. By
means of a small hand magneto battery and electric fuzes ^ the shot-firing in

most of the fiery collieries is now done, tlie explosive used being one of the many
lately introduced which, fired by an electric detonator, give ofl* no flame. Dynamo
machines at many pits are used for lightiTvr the surface and main roadways of the

colliery, and this current has also been used for the purpose of shot-firing, notably
at Ynyshir Colliery, Rhondda Valley, ^outh Wales. All the shots are fired in

this way simultaneously while every man is out of the pit, thus putting loss of life

beyond possibility. This adaptation, it should be said, however, is protected by
A patent. •

The adoption of the electric lamp in place of the well-known ordinary safety

lamp is now very strongly advocated. There are several in the field, notably,

the Swan and Pitkin, using secondary batteries, and the Scharschieff, using a pri-

mary battery. Tlui South Wales Institute of Engineers, who with other kindred

societies have lately had these and other electric lamps before them, have referred

the matter to a Special Committee to inquire into and report upon. Several

colliery engineers in South Wales are practically testing them—one, Mr. G. W.
Wilkinson, of Risca, having several hundreds in daily use. So satisfied is he with

their results that an order has been given for a still further number.
The applications of electricity to transmission of power are confined to a few

collieries—so far as the writer knows, in Great Britain to three only, viz., Tra-

falgar Colliery, Forest of Dean; St. John’s Colliery, Normanton; and Allerton

Main Colliery, near Leeds. At Trafalgar, what was a very small pumping plant,

started in December 1882, developed, by May 1887, into three sets of plant, doing

the underground pumping of the colliery, and that at a saving of some 600/. per

Annum. At St. John’s, a six horse-power set of pumping plant did such excellent

work that a -‘kS horse-power set was put down in March last in another part of the

colliery, and has since been in continuous work.

These extensions speak for themselves. In each case the power is conveyed by
cables from the dynamo at the surface to the pumps placed at a considerable distance

underground. At Allerton Main, very small quantities of water are being dealt

with at inaccessible points. The power is supplied to the motors from secondary
' batteries charged at the surface, and conveyed to the required points in the colliery

tubs or carts. A coal-cutter is also being driven by the same method.
On the Continent, underground haulage at Zaukeroda Colliery has been success-

fully and economically working since 1882, and also at Hohenzollern Colliery since

1884, the cost in each case being much less than^by horses.

In America, where electric tramways are now numerous, the writer has

been abje to obtain particulars of but one application to mining : this is a railway

on the same system as the Zaukeroda. The electric locomotive receives the current

from an overhead conductor, the return current to the dynamo passing through the

rails. It is at Short Mountain Colliery in the Wiconisca mines, and has been

working satisfactorily since April 1887.^

TheMi has lately been put in operation at Big Bend, on the Feather River,

Butte Co., California, the most stupendous set of ^ectric mining plant, so far as

the author knows, in existence. A large river has bpen tapped, and with a fall of

three hundred feet it gives hundreds of horse-power
. by means of Pelton wheels.

• Printed in extenso in Electrical Engineer, vol. ii. (N. S.), p. 310.
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These actuate electric generators, from which the currents are sent along a circuit

of eighteen miles, driving Sprague motors at fourteen different points where power
is r^uired in a mining district for pummng, hoisting, &c.

The falls at Roaring Fork, Grand River, are utilised for driving an electric

generator, from which the power is conveyed across country over a mile to Aspen
Mines, Colorado, where a 10 horse-power Sprague motor is driving the mine
machinery, replacing steam power with considerable economy.
A gold mine in New Zealand has recently been made valuable by transmitting

the power from a waterfall two miles away. The conductors, supported on poles,

are carried direct over the mountains, two thousand feet intervening between the

fall and the mine. Obviously, where water power can be thus applied, the

saving as compared with using fuel is considerable, especially in metal or dia-

mond-mining districts, where coal is expensive. The ease with whi(;b the power
can be conveyed over hill and dale and into the intricacies of the mine is also a
factor of no mean importance.

It will be seen from the above hoyj meagre are the results in transmission of
power up to the present, and yet in every case where it has been adopted it has
proved economically successful.

Possibly in fiery mines some are afraid of the sparks. There is no danger
whatever on this head, as aU the machinery can be enclosed in an air-tight

chamber. It may be iliat want of familiarity liindjrs others
;
they fear to embark

capital in plant of which they cannot speak from their own experience.

The failures in the history of electric lighting have no doubt prejudiced some,,

and they look upon the electric light and all akin to it with suspicion. The
writer will be amply repaid if he can by means of this brief paper so interest some
mining engineers as to cause them to take up the matter for themselves. He is

satisfi^ that, under many conditions common in colliery working, electricity can
and will be applied successfully and' economically.

8 . Miners' Electric Safety Lamps}
By Nicholas Watts, Assoc. M.Inst.G.E,

#

After referring briefly to the but partial success attained in modifying miners*^

oil-lamps to adapt the same to the currents now obtaining in collieries, and noticing

the apparent suitability of the incandescent lamp as a substitute, the author described

the following miners’ portable electric safety lamps, some of which he exhibited :

—

The Swan Lamp.—Secondary battery. Four cells grouped together in a block

of gutta-percha which is enclost^ in a wooden case. The elements are lead oxide

and lead. Luminosity, 1 to LV candle for ten hours’ duration. Weight, 7 lbs.

Price, 27«. Cost of maintenance, per week. In extensive use in South
Wales.

The Schanschieff Lamp.—Single liquid primary battery. Four zinco-carbon

cells, the carbon non-porous. The peculiar novelty is the nature of the exciting

liquid, which is a solution of the basic sulphate of mercury, about 30 per cent, of

the salt being held in solution. The solution is sold at 4s. per gallon, of which
38. 7rf. is allowed for the same quantity of the spent liquid with its solid residue

and free mercury precipitated by the cells. Luminosity (with ^reflector), 2 to 3
candles for nine hours’ duratioii. Weight, about 6 lbs. Price, 30a. Cost of

maintenance, per week. Tested at Cannock Chase, Mardy, Merthyr, and
elsewhere.

The Fitkin Lamp.—Secondary battery. Four colls. Luminosity (with re-

flector), 4 to 5 candles for ten hours’ duration. The lamp is fitted with a switch

and resistance to regulate the expenditure of the electro-motive force, which, if

allowed to act without check, would, when the battery was started, de([iroy the

filament. Weight, 8 lbs. Price, 2/. 2a. Used at Llwynypia, Ocean Colliery,

Treviky, and elsewhere.

The Walker Prhnary battery. Three carbon-zinc cells in a strong •

‘ Printed in extense in Electrical Engineer

^

vol. ii. (N. S.), p. 226. •
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brass cylinder attached to an outer case of brass or copper. The exciting liquid is

a mixture of bichromate of potash, nitric acid, and sulphuric acid. Luminosity
(with a reflector) sufflcient to enable newspaper print to be read at a distance 6l«

twelve feet, fdr ten hours’ duration. Weight, 7 lbs. Price, by the gross, S2s.

Cost of maintenance. Id. per day.
The Portable Plectnc Syndicates Lamp,—Secondary battery. Luminosity

(without reflector), Ij candle for ten hours’ duration. Weight, 4\ lbs. Price,

pne guinea. The lamp is fltted with an automatic arrangement in connection with
the incandescent lamp, whereby if an outer casing of* toughened. glass be broken
the current is cut off to prevent explosion of £rerdamp.

Th^ Vaughton Lamp,—Secondary battery. The electrodes are wedged
tightly in the cell, rendering the battery so compact that it may be subjected
without injujy to much rough usage. The lamp weighs 6 lbs. It takes six hours
to charge. The working cost is estimated at Id. per day. The plectrolyte used is

sulphuric acid diluted with eight times its \olume of water, and is renewed twice
a week. One shilling’s worth of acid sufiices for 100 lamps for one week. The
price is from 26s. to 27s. 6d.

The autlior concluded by referring to the questions of primary versus secondary
batteries, and considered the position of the light on the lamp case as not finally

settled.

9. On an Automatic Fire-damp Detector. By Joseph Wilson Swan, M.A.

At the last meeting of the Association, the author communicated to this Section
a description of a fire-damp detector and meter, designed, more especially, to be em-
ployed as ah appendage to electric safety lamps and exhibited a working model of
the combination.

The object of that apparatus was to provide means by which the manager or

one of the overseers of a colliery could, by making tests in various parts of a mine,
ascertain, with a considerable degree of exactness, whether or no fire-damp is pre-

sent, and, if it be, in what proportion. That apparatus fulfilled its purpose very
well

;
it was accurate and sensitive, so much so that if only the one-tenth of 1 |^er

cent, of fire-damp existed in the air it was clearly shown.
But it was not sufficiently simple to allow of its being made an adjunct tto

every lanip^ nor was it automatic in its action. It therefore appeared de-

sirable, if possible, that these deficiencies should be met or complemented by a

simple and automojbic apparatus, suitable for attachment tp every electric safety

lampf or at least to all those used where gas is likely to be found. Such an
apparatus he has the honour to bring under ‘the notice of the members. The
primary principle of its action is the same as in Liveing s well-known gas indicator,

in which difference of temperature in two similar electrically heated platinum
wires (one exposed to the air to be tested, and the other enclosed in a glass tube)

paused by the combustion of fire-damp in contact with the exposed wire.

In Liveing’s apparatus the quantity of gas present in the air is estimated by the

degree of difference in the luminosity of the two wires.

In my apparatus use is made of the difference of temperature arising in the

manner described, but so as to cause movement in a column of mercury, and
through that the interruption of the electric current which lights the lamp

;
there-

fore the lamp provided with this apparatus goes out just as an ordinary safety lamp
does when placed in air contaminated to a certain extent with fire-damp.

In anotlier form of the apparatus, difference of temperature in the indicator

wires causes the free ends of a pair of thermoscopic metallic spirals to separate,

and by separating to interrupt the electric current which lights tne lamp connected

with the indiqptor, and in that way to bring about the extinction of the light.

The new gas detector is therefore distinct from whf)^. has hitherto^ been pro-

posed in its acting automatically upon the lamp, so as to ei^tinguish its light.

Jt takes the form of a small circular metallic box, fastened upon the outside of

the lamp case
;
the box contains a differential thermometer.

*In the first-mentioned form of the apparatus it consists of two glass bulbs (con-

1888. 3 Q
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taining air), united by a U>8haped tube containing mercury in the bend, and
having oeal^ into it two thin platinum wires whose inner ends are in contact

with uie mercury, one deeply and the other slightly submerged beneath its surface.

There passes through the oulbs the two tubes (one open and the other closed),

containing the two platinum wires, dillei'ence in the temperatures of which de>

termines the action of the apparatus.

The current which passes through the lamp filament traverses also the indicator

wires, and the wires m contact with the mercury; it will therefore be easily

understood that, in the absence of fire>^amp, as the wires contained within the

thermometer bulbs will be equally hot, there will bo no movement of the mercury,
and that in the presence of fire-damp, as the exposed wire will become hotter than
the enclosed wire, the air in the two bulbs will be unequally heated, and conse-

quently the mercury wUl move away from the hotter bulb, and if its movement
is sufficiently great to uncover the end of the least submerged wire, the circuit will

be broken, and the light will go out. A switch is provide to enable the broken
circuit to be remade, and the lamp lighted after the indication has been given.

The indicating wires are so short a» not to consume a large proportion of the

energy of the battery. This is the more necessary as it is intended that the current

shall continually pass through them during the time the lamp is in use.

The other firm of the apparatus to which he referred is similar in principle to

that described, but instead oi the difierential (^r thermometer, use is made in it of

a differential metallic thermometer, constructed on the principle of Immisch’s
pocket thermometer. In this case the thermoscopic part of the apparatus consists

of a pair of helical tubes of oval section filled with liquid.

The pair of helices are ^n every respect alike except that one is a right-hand

screw and the other a left
;
they are arranged one over the other with their free

ends lightly touching, so as to be in electrical contact with each other.

Variation of temperature, acting equally upon both spirals, dees not disturb

the contact, but if one helix be heated more than the other, there will be separa-

tion of the free ends and breaking of the electrical contact. In adapting these to

the purpose of the detector, the enclosed platinum wire is fixed in the axis of one

helix, and the open wire in the axis of the other. The electrical connections are

eo*made that normally the current from tlie lamp battery passes through the lamp,

the exposed and enclosed platinum wires, and the helices ;
and, as in the other

form, tnere is a switch to close the circuit and relight the lamp when it has been

extinguished by the action of fire-damp.

The apertures by which the air gains access to the exposed x^lntinum wire are

carefully guarded by wire gauze; and they can be closed entirely when, by the

going out of the light, there is evidence of the presence of fire-damp.

TUESDAY, SEPTEMBER 11.

The following Papers were read :

—

1. An improved 8eis'*^wgraph. By E. A. Cowpbe, 2d.In8t.0.E,

In order to register the motions of the earth, north, south, east and west, it is

of course necessary to have a heavy weight as little as possible affected by the

motion of the earth
;
parallel motions, or ^ compound pendulums,* have been used

with good effect, but a simpler and more effective plan would be to place a heavy
flat weight on a plate of glass with three small * steel bicycle balls ’ Wow, resting

on another fiat or slightlv hollowed plate, so that when the vibration^ of the earth

ceased, the weight would dowly return to its normal position. In ^lace of glass

plates, ground porcelain or metal plates might be used. The weight might be
brought back to its norlnal position by a light pendulum, and then all the plij^tes

might be and of common plate^lass. Then two levers, acted on from the centre

of gravity of the wmght, and multiplying the motions, would register on long stiips
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ofjpaper the vibrations, north and south, east and west
;
the paper, of course, being

driven by clockwork, and allowed to start as soon as the vibrations of the earth
commenced.

Then the vertical vibrations (which have always been the most difficult to obtain
a record of) can be very thoroughly ascertained and recorded, by the following
simple arrangement.
A light sheet-iron or steel tube, closed at the top like a small * gasholder,’ is

inserted in a tank of quicksilver, the centre space inside the * gasholder ’ being
occupied by an empty tube, so as to reduoie the weight of quicksilver very materially

;

then on exhausting the ‘ gasholder ’ with a ^ Sprengel pump,’ the tank will rise,

owing to the pressure of the atmosphere below it, until the column of mercury
balances the atmosphere ; thus the weight of the tank and mercury in it being in

fact supported by the atmonpliere, and the * gasholder ’ being attached to the earth,
the * gasholder ’ may rise or fall and yet scarcely affect tlie tank in any way, and a
rod from the tank to a multiplying lever, attached to the earth and recording appa-
ratus, will record the vertical vibration on a strip of paper moved by the clockwork.

The clock will be kept always going, but the paper will be started only when
there is motion to be recorded.

The attendant, on leaving the apparatus, will throw in a small catch to stop the
paper rollers, and the first motion of either of the levers will be made to throw
out the said catch, and so start the paper. The clock will be arranged to record
time by pricking the paper at certain intervals.

2. The Friction of Metal Coils. By Professor H. S. Hele Shaw
and E. Shaw.—See Reports, p. .'>40.

3. Steam Engine Diagrams.^ By M. F. Fitzgerald.

Diagrams were exhibited showing the weight ofsaturated steam present through-

out the stroke. In a four-cylinder compound the apparent weight of steam supplied

was in the four cylinders

—

1st cylinder . . 1*47 lb. I .-frd cylinder . . 1*32 lb.

2nd „ . . 1-23 „ I 4th „ . . 1*24 „

In a Corliss engine re-evaporation took place up to about 2/3 stroke, when the
increase in weight of saturated steam amounted to 47 per cent, of the steam at

cut-off.

In two compound pumping-engine diagrams there was in one case an in-

•crease, in the other a decrease, in the steam apparently supplied to the second
•cylinder. An intermediate heater is used in both of these engines.,

When the action of the cylinder sides is such as to produce a rise, followed

hy a fall, in the weight of steam, then at the poinj^ where there is neither evapo-
ration nor condensation the proportion of dry steam in mixture present is

given (Ootterill, * Steam Engine Considered as a Heat Engine,’ pp. 195-6) by

=
1450’

approximately a half
;
hence at this .point the working substance is

known, and theoretically the heat supply of the engine can be inferred from
the indicator diagram alone.

'*

During compression the cylinder sides nearlyalways act in this way, and are prac-

tically equivalent to a weight of water equal to that of the steam in clearance.

During lead extremely rapid changes of temperature take place; the rate of

transmission of heat to the cylinder surfaces rises as high possibly as 150 heat

units per square foot per second, confirming Professor C)^ Reynolds’s experiments on
surface condensation, and is much higher than is estimated by Cottei*ill (‘ Steam
Engine,’ pp. 248-9). •

* Printed in extenso in Industries^ vol. v. p. 833.
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4. The Efficiency of Steam at High Pressures and the Carnot Theorem.^

By W. Worry Beaumont^ M.Inst.C.E.

The object of the author of this paper is to show that the Carnot theorem as
T — f . . .

expressed by the equation E = is inapplicable for the calculation of the effi-

ciency of steam as used in a steam-engine cylinder. It is shown that the work
done by expanding" steam bears no relation to the fall in temperature due to ^11 in

pressure, and that with steam at pressures between 350 lbs. and 50 lbs. per square

inch the work done by expansion varies from 692 foot-lbs. to 1,060 foot-lbs. per
degree of fall in temperature.

The argument leads to the conclusion that pressures higher than those now used

can be very advantageously employed.
When the e.xchange of heat due to difierence in latent heat, total heat, and

temperature at the different pressures is taken into account, the difference in

favour of the high-pressure steam becomes much greater. An explanation is

afforded of the great efficiency of triple, stage expansion engines as coni])ared with
the lower pressure simple engines. The steam in the steam-engine must be con-

sidered with reference to that part of its history which is comprised between its

admission to the cylinder and the instant of exhaust, and with reference to the

heat used, not to the fall in temperature. By *lncreasing the pressures u.sed, an
extra number of stages of expansion may be obtained at a small extra expenditure

of heat in the boiler. The difference A II between the total heat of steam at 300
lbs. and at 250 lbs. is under five units, but the work done by expansion from 300 lbs.

to 260 lbs. is 12,240 foot-lbs. or about 2,400 foot-lbs. per unit of heat employed in

raising tne pressure from 250 lbs. to 300 lbs. The work done per unit of heat
disappearing on expansion for each stage of 50 lbs. is given in a table.

5. Itevolving Sails, or Air-projpellers.^ By H. C. VoQT.

If ships could be towed instead of propelled by means of the ordinary pro-

pellers, which disturb the stream lines round the ship, a saving on the average of

40 per cent, in coals and engine-power would be gained
;
the screw especially

sucks the sustaining water frofn the ship, causing its resistance to be augmented
in the same proportion ; the thrust of the propeller must therefore exceed the net

resistance of the ship by this amount. This excess in the resistance can only be
reduced by destroying the shape of the ship. Formerly the length of ships was three

to four times the breadth, now it is ten times the breadth. Both these proportions

cannot be correct, and it must be remembered that the weight of the hull increases

with the second power of the length, the middle section remaining unchanged.
The screw-propeller increa.ses, further, the change in the trim of the ship when the

speed increases, also causing an incr(‘ased resistance
;
and this ill-(*ffect can only be

counteracted by giving the driving thrust considerably above instead of below the

centre of gravity of the ship. •

Air-pressure on large canvas areas has been used from time immemorial : the

author only proposes to use comparatively small driving areas, radiating from an axis

parallel to the keel, and supporj/^d between two low pillars. The external appear-

ance of such an air-propeller h similar to that of a screw-propeller
;
but the wings

of the air-propeller are Droadest near the circumference, and they are made of thin

sheet-steel. Ilotated quickly in the elastic air, a rarefaction on the front side

of the wings is created, and the consequent difference in pressure constitutes the

thrust, which, with a given engine-power, is quite as high as with the common screw

in inelastic water. To create such a rarefaction, speed rather than area is required.

Take, for instance, the wdngs of a wild swan, which possess 25-28 times the area

of the web feet, wnile the 4dirust yielded from the wings is many times that yielded

from the web feet. Suppose the horizontal water-resistance when the swan swims
fast to be four pounds

;
vvhen it flies the horizontal resistance may perhaps also he

’ Paper is published in extenso in Tndustri/’s, vol. v. No. 119,
* Printed in extenso in Industries, vol. v. p. 335,

*
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four pounds, and in addition to this is the weight (36 lbs. for a large wild swan),
and this weight is only supported by every downstroke of the wings. The rare-
faction on the top side of a wing is produced by the suction from the air-currents

l)assing its rigid fore-edge, just as the rarefaction is produced in a funnel by the
wind passing over its edge : a difference in pressure corresponding to 30 lbs. per
square foot may occur on windy days. The other important factor in producing
a rareffaction on the lee side of a rotating surface is centrifugal force, as explained
in the paper. These considerations will serve to explain why the area required for

an air-propeller has no connection with the ratio between the specific gravities of air

and water, the only means of moving a large quantity of air so as to create a mo-
mentum being the rarefaction, or storm centre, in front of the propeller. To create
a sufficient rarefaction, the area of an air-propeller ought to be 12-14 times, and
the diameter 3-4 times, that of the ordinary water-prcpeller

;
but less than this for

large vessels, as a natural consequence of the mathematical laws governing these
matters. The losses of a propeller in water are—(1) loss by friction

; (2) loss by
throwing out water in wrong directions

; (3) loss by blows. Thanks to the perfect

elasticity of air, there will only be the tVvo first-named kinds of losses in that
medium. If, for instance, equal weightoof air and water moving at the same velocity

strike a plane, the pressure from the a* will be twice that from the water ;
and this

can also be recognised from the resistance of air, which is about jj^oth part of the
resistance of water, although the ratio between their specific gravities is An
air-propeller is therefore not efficient as a fan, but very efficient as a propeller.

If an air-propeller is mounted on a boat and pulled by the power of a man, the
boat receives much greater speed than when the same man applies his foice in the
same boat furnished with a water-propeller. Ilut this difierence between the thrusts

which a man can yield with an air-propeller and a screw is, of course, not great.

The same winds which are useful for ordinary sails are also a gain for rotating sails

;

that is, 76 per cent, of the winds augments the thrust of an air-propeller, and the
energy of the natural wind is taken advantage of when the pitch is changed in

accordance with it. When the wind ^ straight against ’ equals the speed ofthe points

of effort of the rotating sails, the thrust of the air-propeller is decreased nearly

60 per cent., orjust the same as the thrust of gaff sails is reduced when from having
the wind on the beam the coiu’se is changed until four points from the wind. Now
it happens once a month that a strong wund is actually so straight against the course

as to reduce the thrust by 60 per cent, for a propeller with manual power. On a

1 ,000-ton ship the speed of the points of effort of its air-propeller would be over

loO' per second, and no hurricane would be able to reduce its thrust by 60 per cent.,

and 3’6 points from the hurricane the thrust of the air-propeller would be greater

than in a calm. As compared wdth fhis the increased resistance caused by the screw
is constant.

Details of experiments on a large scale, as well as of the formula for finding

the area and speed of an air-propeller, are given in the paper.

6. A new Sphere Planinieter. By Professor H. S. Hele Shaw.
See Section A, p. 584.

WEDNESDAY, SEPTEMBER 12.

The following Papers wei*e read ;

—

1. Underground Railway Communication Great Cities.

By Colonel Rowland R. Hazari».
•

• Perhaps the most important physical problem, growing out of the concentration

of great populations in limited areas, is the construction, maintenance, administra-

tion, and uses of the public streets. These, absolutely indispensable for purposes
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of ordinaiy traffic, fulfil many other requirements of public necessity or' con-

Tenience, but should be so constructed as to provide for many others of capital

importance, growing out of the multiplying wants incidental to the demands of

m(»em civilisation.

The main thoroughfares of traffic should be reconstructed, substantially upon
the plan of superficifu subways and galleries, illustrated by a model and sketches

shown. Between the lines of curb the substance of the street should be removed
to a standard depth of twelve feet, and the excavation so made replaced by four

centrally placed subways, the two interior ones being devoted to rapid transit or

fast railway trains, operated at great speed between few stations. This form of

railway service, essential to economy of time and the proper development of sub-

urban population, is not now performed at all in any great city, the two exterior

subways Wing devoted to * way ’ or slow trains, operated rapidly between frequent

stations, for the convenience of every district on the line for shopping, and also for

supplementing the more rapid long journeys of the express line. •

These railways should be operated by electric motors and solid trains, specially

devised for the sendee, and embodying provisimis for safely and comfort to a degree
which apparently precludes the possibility ^ serious accident. On either side of
these centrally disposed railway subways areplaced continuous galleries, calculated

for the housing, inspection, replacement, and repair of all pipes and wires of con.-

munication, sewers for local service, water mains and supplies, gas mains and
service pipes, steam service pipes, pneumatic power, post, parcel, refrigerating and
time tunes, electric wires for arc and incandescent lights for street and private use,

for power, signals, telegraphs, telephones, &c., and all other essentials or con-
veniences which are more protitably generated or produced at some central station,

and can be distributed or served only through the public domain, overhead or
underfoot, and which from the want of such common accommodation are now used
—if at all—to a limited extent, at great cost and inconvenience to the authorities,

the corporation, and the public.

It is also imperative that the whole subway system should be adequately sup-

plied with fresh air in movement, so that ventilation shall be as perfect as in the best

arranged dwellings. This could W effected by closing the railway subways from any
communication with the surface of the .streets except through the station doorways,
and ventilating the stations by shafts supplied with electric exhaust fans, placed in

the rear of the entrance buildings, the supply of fresh air being derived from similar

shafts placed in the rear of the opposite building
;
by this means the air of the

stations will be absolutely renewed as frequently as required. The railways form
open cylinders from station to station, and the trains, being of approximately the
same cross-section, constitute loose pistons always moving in the same direction.

The effect is the establishment ofa ventilating current within the subways dependent
for its force upon (1) the approximation of cross-sections, (2) the speed of the trains,

and (3) the integrity of the tunnels or subways.
As the products of artificial com])ustion will be excluded as far as possible,

the requirements of ventilation are reduced to a minimum and perfectly per-

formed.
Reference is made to a new material, * ferffax,’ composed of braided steel wire

and flax fibre, chemically under hydraulic pressure, devised for the wall
panels of the subways and for the construction of the railway carriages, a com-
pound building material not unlike horn in character, having a strength and
flexibility somewhat exceeding steel wire netting, a toughness approximating to

horn, non-fragile and unbreakable by l»ending, and not liable to shatter under shock.
The necessity for fast intramural travel is illustrated by the fact that the popu-

lation of the City of New York increased from 1806 to 1886 (twenty years) 60
per cent., while the traffic increased 202 per cent., demonstrating that traffic

increases out of all proportion to population
;
and that the fast travm increases at

the expense of the slovj; is clearly proved by the extraordinary increase on the
elevated roads, which for the single year 1887 amounted to the incredible numbervf
43,863,641 passengers, being 33 per cent, more than the total increase of all lines

for the previous year, and actually more than the total increase for that year.
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The adoption of this system for the streets of every great city would effect an
economic revolution. There would he rapid communication between distant points
within the metropolitan areas; there would be rapid communication between
frequent stops for the convenience of local traffic and shopping

;
the streets would

be brilliantly lighted by electricity; every house on the line would have access to
gas, steam, water, the telephone, telegraph, pneumatic tube, electric light, and
compltessed air at will. Small industries would flourish because small and cheap
power from remote stations would be everywhere available^ while the surface
of the streets could be maintained in a perfect state, with the minimum of cost,

and with complete immunity from disturbance other than for the repair of worn
surfaces.

2. Transmissimi of Motion and Power. By J. Walter Peabse.

The flexible clutch is the first practical outcome of the mechanical combination
devised by M. R. Snyers, of Brussels, and described by the author in a paper on
the ‘ Communication of Motion between Bodies Moving at Dillerent Velocities ’

during the Manchester meeting of last year. While each of the fibres into which
the mass of one of the two bodies is split up acts separately and individually,

causing no shock on contact, their sum exerts a considerable mechanical effort.

About a dozen flexible clutches and combined fast and loose pulleys are now in

operation, transmitting motion to dynamos, emery grinders, spinning machinery,
sewing machines, thus preventing that breakage of the beam or arm of the latter

which frequently occurs on power being applied in the ordinary manner. The
amount of power transmitted is just that for which the clutch or pulley is calcu-

lated, the two parts slipping when that power is exceeded by the motor, or on an
excess of power being demanded by the machine, this property being useful in cases

of letting out power on hire. When, however, a clutch or pulley is of a maximum
capacity, any lower amount of power may be transmitted by regulating the degree

of penetration of the fibres between the corrugations of the other disc. Experience

shows that wear of the fibres, even when there is a considerable amount of slip, is

negligeable, the corrugated disc being made of softer material
;
and this fact shows

the applicability of the principle to brakes of various kinds, which would exert a

retarcung force equal to three or four times that employed to apply them, whereas
ordinary brake blocks never utilise more than 25 per cent, of the power exerted.

3. An Annual Winding Cloch^ with Torsion Pendulum.^
By W. H. Douglas.

There is no change whatever in the wheel-work or main spring of an eight-day

lever clock except in the balance. The balance is removed, and in its place a lever

is fixed to the staff carrying the roller pin, which unlocks the lever escapement and
receives an impulse at each beat in the usual way, the additional lever imparting

impulse to a tooth attached to the pendulum, thus inducing torsion at each beat of

the clock. The regulating is effected by increasing the weight of pendulum to

make it lose, or decreasing the weight to make K gain
;

it is also regulated by
means of a French sliding curb, moved by a screw to the right or left, as desired, to

make it go faster or slower without stopping the clock.

The escapement may be described as a frictionless pendulum. The impulse,

given direct across the line of centres, as in the chronometer, is independent of oil,

and, becoming detached at each beat, the isochronal property of the pendulum is

not deranged by friction of any kind whatever.

The cost of manufacture is precisely the same as ,in producing an eight-day

timepiece.

* See Engineering

^

vol. xlvi. p. +13.
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4. A newform of Air-compresHor for Variable Pressures.^

By H. Davbt, M.Inst.O.E.

This is an air-pump capable of automatically maintaining u constant resistance

when pumping against an increasing or decreasing pressure.

One of its applications is that of compressing air for storage purposes.

It is evident that if an ordinary air-pump he made of sufficient capacity te take

the full power of the engine employed to drive it at the minimum pressure, it will

be too large for the increasing pressure
;
and, on the other hand, if the pump be

made small enough for pumping against the maximum pressure, it will only take

up a portion of the power of the engine at the lower pressures.

The problem then is to construct an air-pump which shall work with a constant

resistance against increasing and decreasing pressures. It is evident that if the

weiglit of air per stroke of the air-pump could be made to vary inversely with the

varying pressures against which the pump works (in proper proportions) then the

engine would have a constant resistance, and its full power might be employed
during the whole of the operation. Thisiis eflected by mechanical means, described

and illustrated in the paper. The resistance of the pump governs the engine. The
engine runs without a throttle valve and with varying steam pressures at a constant

speed, always fully utilising the full power available, and thereby doing the work
in the .shortest time with the greatest economy off power.

5. On conti'oUhiij the direction of liotafum (f a Dynamo. By- A. Winter.

‘ 8ce Bnyinccriny, vol. xlvi. p. 4111.
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Section H.—AMTHROPOLOaY.

President of the Section—Lieut.-General Pitt-Riters, D.C.L., F.R.S.,
F.G.S., RS.A.

THUItSDA i; ^SEPTEMBER 6.

The President delivered the following Address:

—

Having been much occupied up to within the last week in my own special branch
of anthropology, and in bringing ut the second volume of my excavations in Dor-
setshire, which I wished to have ready for those who are interested in the subject on
the occasion of this meeting, I regret that I have been unable to prepare an address
upon a general subject, as I could have wished to do, and am compelled to

limit my remarks to matters on which I have been recently engaged. Also, I wish
to make a few observations on the means to be taken to promulgate anthropological
knowledge and render it available for the education of the masses.

Taking the last-mentioned subject first, T wdll commence with anthropological
museums, to which I have given attention for many years. In my judgment, an
institution that is dedicated to the Muses should be something more than a store,

it should have some backbone in it. It should be in itself a means of conveying
knowledge, and not a mere repository of objects from which knowledge can be culled

by those who know where to look for it. A national museum, created and main-
tained at the public expense, should be available lor public instruction, and not
solely a place of reference for samnts.

I do not deny the necessity that exists for museum stores for the use of students,

but I maintain that, side by side with such stores, there should in these days exist

museums instructively arranged for the benefit of those w'ho have no time to study,
and for whom the practical results of anthropological and other scientific investi-

gations are quite as important as for savants.

The one great feature wliicli it is desirable to emphasise in connection with the
exhibition of archaeological and ethnological specimens is evolution. To impress
upon the mind the continuity and historical sequence of the arts of life, is, with-
out doubt, one of the most important lessons to be inculcated. It is only of late

years that the development of social institutions has at all entered into the design
of educational histories. And the arts of life, so far as I am aware, have never
formed part of any educational series. Yet as a study of evolution they are the

most important of all, because in them the conne^l ’Ug links between the various

phases of development can be better displayed.

The relative value of any subject for this purpose is not in proportion to the

interest which attaches to the subject in the abstract. Laws, customs, and insti-

tutions may perhaps be regai’ded as of greater importance than the arts of life,

but for anthropological purposes they are of less value, because in them, previously to

the introduction of writing, the different phases of development, as soon as they are

superseded by new ideas, are entirely lost and cannQt,,be reproduced except in

imagination. Whereas in the arts of life, in which id^s are embodied in material

forms, the connecting links are in many cases preserved, and can be replaced in

their proper sequence by meai s of antiquities.

For this reason the study of the arts of life ought always to precede the

scudy of social evolution, in order that the student may learn to make allovvance
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for missing links^ and to avoid sophisms and the supposition of laws and tendencies*
which have no existence in reality.

To ascertain the true causes for all the phenomena of human life is the main
object of anthropological research, and it is obvious that this is better done in those
branches in which the continuity is best preserved.

In the study of natural liistorv, existing animals are reptrded as present phases
in the development of species, and their value to the biological student depencn, not
so much on their being of the highest organism, as on the palseontologicai sequence
by which their histoiy is capable of being established. In the same way existing

laws, institutions, and arts, wherever they are found in their respective stages of
perfection, are to be regarded simply as existing strata in the development ofhuman
life, and their value from an anthropological point of view depends on the facilities

they afford for studying their history.

If I am right in this view of the matter, it is evident that the arts of life are of
paramount importance, because they admit of being arranged in cases by means of
antiquities in the order in which they actually occurred, and by that means they
serve to illustrate the development of other branches which cannot be so arranged,
and the continuity of which is therefore not open to visual demonstration for the
benefit of the unlearned.

It is now cc-isiderably over thirty years since 1 first began to pay attention to this

subject. Having been employed in experimenting \vith new inventions in firearms,

submitted to H.M. (Government in 1852-3, 1 drew up in 1868 a paper w^hich was
published in the ^ United Service Journal,’ showing the continuity observable in

the various ideas submitted for adoption in the army at that time.

Later, in 1867-8 and 9, 1 published three papers, which, in order to adapt them
to the institution at which they were read, I called ‘Lectures on Primitive Warfare,’
but which, in reality, were treatises on the development of primitive weapons, in

which it was shown how the earliest weapons of savages arose from the selection

of natural forms of sticks and stones, and were developed gradually into the forms
in which they are now used. I also traced the development of the forms of
implements of the bronze age and^heir transition into those of the iron age. These
papers were followed by others on the same subject read at the Royal Institution

and elsewhere, relating to the development of special branches, such as Early Modes
of Navigation, Forms of Ornament, IMmitive Locks and Keys, the Distribution of
the Bow, and its development into what I termed the composite bow in Ana
and America, and other subjects.

Meanwhile 1 had formed a museum in which the objects to which the papers
related were arranged in developmental order. T'his was exhibited by the Science
and Art Department at Bethnal Green from 1874 to 1878, and at South Kensington
from that date to 1885 ;

and a catalogue rnisonne was published by the Department,
which went through two editions. After that, wishing to find a permanent home
for it, where it would increase and multiply, I presented it to the University of
Oxford, the University having wanted 10,000/. to build a museum to contain it. It

is there known as the ‘ Pitt-Kivers Collection,’ and is arranged in the same order

as at South Kensington. Professor Moseley has devoted much attention to the
removal and re-arrangement of it up to the time of his recent, but I trust only
temporary illness, which hasJp^n so great a loss to the University, and which has
been felt by no one connecteo^with it more than by myself

;
for whilst his great

experience as a traveller and anthropologist enabled him to improve and add to it,

he has at the same time always showm every disposition to do justice to the
original collection. Since Professor Moseley’s illness it has been in the charge of
Mr. 11. Balfour, who I am sure will follow in the steps of his predecessor and
former chief, and will do his best to enlarge and improve it. He has already added
a new series in relation to the ornamentation of arrow-stems, which has been
published by the Anthr(^iogical Institute. It appears, however, desirable that

the same system should be established in other places, and with that view I.hAvo
for some time past been collecting the materials for a new museum, which, if I

live long enough to complete it, I shall probably plant elsewhere.

Before presenting the collection to Oxford I had offered it to the Qovernmefit,.
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in the hope that it mifrlit form the nucleus of a large educational museum arranged
upon the system of development which I had adopted. A very competent committee
was appointed to consider the offer, which recommended that it should be accepted,
but the Government declined to do so ; one of the reasons assigned being that
some of the authorities of the British Museum thought it undesirable that two
ethnographical museums should exist in Ijondon at the same time

;
this, however^

entire^ waives the question of the totally different objects that the two museums
(at least that part of them which relates to ethnographical specimens) are intended
to serve.

The British Museum, with its enormous treasures of art, is itself only in a
molluscous and invertebrate condition of development. For the education of the
masses it is of no use whatever. It produces nothing but confusion in the minds
of those who wander through its long galleries with but little knowledge of the
periods to which the objects contained in them relate. The necessity of storing all

that can be obtained, and all that is presented to them in the way of specimens,,
precludes the possibility of a scientific or an educational arrangement.

By the published returns of the Museuih it appears that there has been a gradual
falling off in the number of visitors since 1882, when the number was 767,873, to

1887, when it had declined to /)01,266. This may be partly owing to the increased
claims of bands and switchbacks upon public attention, hut it cannot be owing to

the removal of the Natural History Museum to South Kensington, as has been
suggested, because the space formerly occupied by those collections at Bloomsbury
has since been filled with objects of greater general interest, and the galleries have
Ijeen considerably enlarged.

The Science and Art Department at South Kensington has done much for higher
education, but for the education of the masses it is of no more use than the
British Museum, for the same reason, that its collections are not arranged in se-

quence, and its galleries are not properly adapted for such an arrangement. Besides
these establishments, annual exhibitions on a prodigious scale have been held in

Jjondon for many years, at an enormous cost, but at the present time not the
slightest trace of these remains, and I am not aware of any permanent good that

has resulted from them. If one-tenth of the cost of these temporary exhibitions

had been devoted to permanent collections, we should by this time have the finest

industrial museum in the world. Throughout the whole series of these annual
temporary collections, only one, viz., the American department of the Fisheries

Exhibition, was arranged upon scientific principles, and that was arranged upon the

plan adopted by the National Museum at Washington. It appears probable from
the expeiience of the present year that these annual exhibitions are on the decline,

liarge iron buildings have been erected in different places, some of which would
meet all tlie requirements of a permanent museum. The Olympia occupies 3| acres,,

the Italian Exhibition as much as 7 acres. There can be little doubt, I think,

that the long avenues of potted meats and other articles of commonplace mer-
chandise, which now constitute the chief part of the objects exhibited in these

places, must before long cease to be attractive and must be replaced by something
else, and in view of such a change I venture to put in a plea for a national anthro-

pological museum upon a large scale, using the term in its broadest sense,

arranged stratigraphically in concentric rings upoa'4he plan of the diagram now
exhibited. It is a large proposal, no doubt, but one wnich, considering the number
of years I have devoted to the subject, I hope I shall not be thought presumptuous in

submitting for the consideration of the Anthropological Section of this Association.

The palrcolitliic period being the earliest, would occupy the central ring, and
having fewer varieties of form would require the smallest space. Next to it the

neolithic and bronze age would be arranged in two concentric rings, and would
contain, besides the relics of those periods, models of prehistoric monuments, bone
caves, and other places interesting on account of the prehistoric finds that have
been made in them. After that, in expanding order, would come Egyptian, Greek,

Asjsyriau, and Roman antiquities, to he followed by objects of the Anglo-Saxon,
Frankish, and Merovingian periods

;
these again in developmental outward

expansion would be surrounded by medissval antiquities, and the outer rings of all
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might then be devoted to showing the evolution of such modern arts as could be
placed in continuity with those of antiquity.

In order that the best objects might be selected to represent the different

periods and keep up the succession of forms which would constitute the chief

object of the museum, I would confine the exhibition chiefly to casts, reproduc-

tions, and models, the latter being, in my opinion, a means of representing

primitive arts, which has not yet been sufficiently made use of, but which ih my
own small local museum at Farnham, Dorsetshire, I have employed to a consider-

able extent, having as many as twenty-three models, similar to those now
exhibited, of places in which things liave been found within an area of two miles.

The several sections and rings would be superintended by directors and
assistants, whose function it would be to obtain reproductions and models of the
objects best adapted to display the continuity of their several arts and periods

;

and the arts selected for representation should be those in which this continuity

could be most persistently adhered to. Amongst these the following might be
named :—Pottery, architecture, house furniture, modes of navigation, tools,

weapons, weaving apparatus, painting,'* sculpture, modes of land transport and
horse furniture, ornamentation, personal ornament, hunting and fishing apparatus,

machinery, fortification, modes of burial, agriculture, ancient monuments, domesti-
cation of ani-nals, toys, means of heating and

»
providing light, the use of food,

narcotics, and so forth.

Miscellaneous collections calculated to confuse the several series, and having
no bearing on development, should be avoided, but physical anthropology relating

to man as an animal, might find its ])Iace in the several sections.

I have purposely avoided in my brief sketch of this scheme giving unnecessary
details. Any cut-and-dried plan would have to be greatly altered, according to

the possibilities of the case, when the time for action arrived. My object is to

ventilate the general idea of a large anthropological Kotunda, which I have always
thought would be the final outcome of the activity which has shown itself in this

branch of science during the last few years, and which I have reason to believe is

destined to come into being before long. In such an institution the position of

each phase of art development shows itself at once by its distance from the centre

of the space, and the collateral branches would be arranged to merge into each
other according to their geographical positions.

The advantages of such an institution would be appreciated, not by anthro-
pologists and archaeologists only. It would adapt itself more especially to the
limited time for study at the disposal of the working classes, for whose education
it is unnecessary to say that at the present time we are all most deeply concerned.
Although it is customary to speak of working men as uneducated, education is a
relative term, and it is well to remember that in all that relates to the material
arts they have, in the way of technical skill and handicraft, a better groundwork
for appreciating what is put before them than the upper classes. That they are

able to educate themselves by means of a well-arranged museum, my own expe-
rience, even with the imperfect arrangements that have been at my command,
enables roe to testify. Anything which tends to impress the mind with the slow
growth and stability of human institutions and industries, and their dependence
upon antiquity, must, I think,>fbhtribute to check revolutionary ideas, and the ten-

dency which now exists, and which is encouraged by some, who should know better,

to break drastically with the past, and must help to inculcate conservative prin-

ciples, which are urgently needed at the present time, if the civilisation that we
enjoy is to be maintained and to be permitted to develop itself.

^Fhe next subject to which I would draw your attention is the present working
of the Act for the Preservation of Ancient Monuments, with the carrying out of

which I have been entrusted during the last five years.

It is unnecessary to speak df the measures that have been taken in other

countries which have preceded us in the work of protecting ancient monuments.
Their system of land tenure and division of property is different from ours, and the
jiame measures are not equally applicable.
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In 1882 a Bill was passed through Parliament known as the Ancient Monu-
ments Act, to enable those who desired to do so, to place the ancient monuments
belonging to them, under protection of the Government, and to make it illegal for
future owners or others to destroy them : also to enable local magistrates to punish
summarily, with a fine of 51. or imprisonment for one month, offences committed
under the Act. No power is taken to compel any owner to place his monument
under«the Act, but provision is made for a small annual expenditure in order to
preserve the monuments offered voluntarily by their owners. A schedule of certain
monuments was attached to the Act, without the consent of the owners, merely to
indicate the monuments to which the Act applied, but these, like any others, had to
be voluntarily offered before the Government could accept them. Any other monu-
ments not in the schedule could be accepted, but only after the offer of them had been
laid 40 days before Parliament, in order, I presume, that the country might not be-
come charged with the preservation of monuments that were unworthy of protection.

In November 1882, 1 was asked by Liird Stalbridge, in a complimentary lettei,

written by desire of the Prime Minister, to undertake the office of Inspector, inti-

mating at the same time that my 2
)08ition a& landowner would place me in a favour-

able position for dealing with other landowners to whom the monuments belonged,
and I accepted the post, hoping to render a public service, not, perhaps, sufficiently

considering the difficulties that I should have to encounter, and the amount of time
that would have to be devoted to it.

A Permissive Act naturally implies that there is some one in the country who
desires to make use of it

;
whereas, as a fact, no owner lias voluntarily offered any

monument to be put under the Act, except one to whom I shall refer again
presently ;

all have had to be sought out and askt*d to accept the Act, and of the
owners of scheduled monuments the larger number have refused.

Sir John Lubbock was chiefly instrumental in passing the Bill through Parlia-

ment, although in the condition in which it actually passed it was not his Bill, lie

had proposed to make the Act compulsory in the case of some of the more impor-
tant monuments, but the proposal had been overruled on the ground of its being an
improper interference with private ownership.

Being a member of the Liberty and Property Defence League, I have lately

received a list of 65 measures which have been brought before Parliament in the

session of 1888, which that body have thought it desirable to oppose on account of
their interference with private property, nearly every one of which would have dealt

more hardly with the owners of property than the Ancient Monuments Act would
have done had it been made compulsory. But all these measures have been proposed

by members of Parliament with the view of catching the votes of particular con-
stituencies, whereas the ancient monuments have no votes to give and very few
people to vote for them. Sir John Lubbock had included his own monuments in

the original schedule, but finding that the Act in its final form was purely permis-

sive, and not believing, as he told me at the time, that anyone would voluntarily

make use of it, naturally being unwilling to put his own property at a disadvan-

tage, by being the only one to come under it, he at first hesitated to sign the deed
for their inclusion in the Act, though he did so readily after the adhesion of other
owners assured him that he would not stand quite alone.

Finding myself involved in the matter I have df^e what I could to work it

out, and with some success.

The accompanying map of Great Britain (see next page) shows the monuments
that I have been the means of obtaining by the consent of. their owners.

The Pictieh Tower at Mousa in the Shetlands, which is well known to be the

best pre8erv**d monument of this class in the country, has been included by the

3wner, Mr. Bruce, and some necessary repairs have been done to it by the Govern-
ment. In the Orkneys the owners of the scheduled monuments declined to make
ise of the Act, but they are well looked after. The sanliil applies to the Bass of

Inverurie, the Vitrified Fort on the hill of Noath, the pillat stones at Newton, in

the„Qarioch, p-nd the British settlement at Harefaidds, in Lauderdale, which latter,

aowever, is in such ruinous condition that the remains of it are scarcely worth
preserving. The Suenos stone near Forres ; the Oairns at Clava, on the banks of
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-the Nairn
;
the Oat-stane at Kirkliston ; the Burgh of Clickanim, haye also been

withheld by their owners, but most of them are very well taken care of. The
'Cairns at Minnigaif were nearly destroyed before they were scheduled, and are not
worth preserving. The inscrilied stone in St. Vigean’s churchyard is preserved in

the porch of the church, but it is' not included. On the o'ther hand Edin’s Hall,
the latest and most southern of the remains of the Pictish Towers in Berwick-
shire;^nas been included by Mr. J. S. Fraser-Tytler

; the Black and White Cather-
thuhs have been added by Miss Carnegy Arbuthnot

;
both these are large camps

having ramparts of stones and earthworks round them, and they are described in

'General Roy’s work. The Pictish Towers at Glenelg have been included by Mr.
James Bruce Bailey; they are in a very bad state of repair, and have been
propped up by the Government. The inscribed stones at Laggangairn, New Luce,
have been included by Lord Stair

;
they are at a great distance from any road or

habitation, and the protection afforded them, beyond the powers contained in the
Act, must be regarded as nominal. The Peter’s stone, on the road from Wigton to
Whithorn, has not been added

;
it is an important stone, and is in a dangerous

position, it has already suffered damage, a’ld it is to be hoped it will be included
hereafter. The chapel on the Isle of Whithorn, supposed to be that built by
St. Ninian, has been included by Mr. R. Johnstone Stewart

;
this was not in the

schedule. The Pillars of Kirkmadrine have been included by Mrs. Ommaney
McTaggart ; they are the earliest Christian monuments in the country. I sug-
igested that Government should contribute towards building a small chapel to con-
tain them, which has been done. The Cross at Ruthwell, with its remarkable
runes, which were gradually being destroyed and covered with lichen so that its

inscription could not be read, has also been added. I suggested that the Government
should contribute towards building an annex to the neighbouring church to con-
tain it, which has been done. This was not in the schedule. The cup-marked
rock of Drumtrodden, Wigtonshire, has been added by Sir Herbert Maxwell, and
Government has granted a certain sum towards building a shed over it to preserve
it. It was not in the schedule, but is a good example of its class. Barsalloch
Fort, Wigtonshire, the Moat Hill of Druchtag, the Drumtrodden standing stones,

Wigtonshire, have also been added by Sir Herbert Maxwell. St. Ninian’s Cave,
with its early Christian crosses, has been included by Mr. Johnstone Stewart. In
the island of Lewis the remarkable standing stones in the form of a cross at
Oallemish, and the Broch at Carloway, have been added by Lady Matheson. This
latter is, next to Mousa, the best Pictish tower in the country. In Cumberland the
Stone Circle on Castle Rigg has been put under the Act by Miss Edmondson. In
Westmoreland Arthur’s Round Table, an earthen circle with a ditch in the in-
terior, and Mayborough, a large circle with an embankment of stones and the
remains of a stone circle within, have been included by Lord Brougham. In Derby-
shire, Arborlow, a large circle similar to Arthur’s Round Table, with the remains
of a stone circle, the stones of which are prostrate, and a large tumulus hear it, have
been added by the Duke of Rutland. Hob Hurst’s House, and the Circle on Eyam
Moor, which also has a large cairn close to it, have been included by the Duke of
Devonshire, and the Nine Ladies, a circle of small stones on Stanton Moor, by
Major Thornhill. In Gloucestershire, Ul^bury, a long barrow with a well-pre-
served stone chamber, has been added by Colonel C^ingscote. In Oxfordshire the
Rollrich stones have been included by Mr. J. Reade.v In Kent, Kit’s Coty House
by Mr. Brassey, which is the remains of a long barrow, the traces of which can be
seen, witli part of the stone chamber remaining. In Somerset the stone circles at
Stanton Drew by Mr. S. B. Coates, and the Cove there by Mr. Fowler; the
chambered tumulus at Stoney Littleton by Lord Hylton. In Wilt8hii*e, the long
barrow at West Kennet by the Rev. R. M. Ashe, and Silbury Hill by Sir John
Lubbock. In Dorsetshire the chambered long barrow, called the Grey Mare and
Oolts, near Gorwell, by Mr. A. B. Sheridan

;
the circle Nine Stones near Bride-

head Park bv Mr. R. Williams
; the stone circle on Kiii^ton Russell Farm by

the Duke of !bedford, and in Wales the Pentre Evan cronuech, one of the largest
in the country, by Lord Kensington—^making in all thirty-six which have been
placed under the Act with the consent of their owners. All these and many
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others have been surveyed
;
plans, drawings, and sections have been made of them,,

which are contained in tlie book now upon the table, which is open for the
inspection of the members. I hope to publish these shortly. ’Besides these monu-
ments which are included under the Act, a good deal of useful’work has been done
by communicating with the owners of other monuments, without using the Act.

I think it speaks well for the landowners that so many should have been will-

ing to accept the Act, considering that few of them take much interest in antiqui-

ties. There is not a more public-spirited body in the world than the much-abused
landowners of England. »

Those who have refused have generally done so on the grounds that they wish
to remain responsible for their own monuments, and I think I may say, from my
own observations, that there is very little damage to prehistoric monuments going
on at the present time. Public opinion has done more than any Act of Parliament
could do, and it appears to me that it is generally known throughout the country
that any wilful damage to the monuments would be universally condemned.

But it is well to consider the operation of the Act, and how it may be improved.
The provision which makes it illegal, ever after, to destroy the monuments that are

now placed under the Act by their owners, and to enable magistrates to punish
offenders summarily, appears to me e.xcellent and worthy to be retained. But
there are defects to which it would be well to give attention. By the present Act
the Government are made responsible for all the monuments that are included,

which entails expense, and as members of Parliament generally take very little

interest in ancient monuments, and the great object of Government must always be
to curtail expenditure, additions to the list are not as a rule encouraged.

I last year obtained eleven new monuments, but I was told that this was too
many and that some must be omitted, so I selected three of the least important and
they have not been included. This, I think, is objectionable, the two provisions

of the Act which I have mentioned should be applied as widely as possible. .Tf the
provision making Government responsible for the preservation of the whole of
them is altered, there will be no inducement on the part of the authorities to

reduce the number to be included. At present local archaeologists wash their

hands of the matter, thinking that there is a Government Inspector whose business

it is to look after the monuments. This is a mistake
;
the proper function of the

Inspector is simply to look after the monuments that are included, and to advise

the Commissioners—Not to obtain new monuments for the Act. I have done so
because I was chaiged in a special manner with the organisation and working of
the Act on its first introduction, but it is beyond the proper functions of the
Inspector. I have done it as a private individual who takes an interest in the
subject, and any other private individual may do the same. Moreover, it is

impossible for, an Inspector to stand sentry over all the monuments that are put
under the Act. The police are requested to look after them as well as they can,

but damage must occasionally be done which local archaeologists are in abetter
po.sition to ascertain and to remedy, using the provisions of the Act for the
purpose.

it may be that my position as a landowner, as Lord Stalbridge said in his letter

asking me to take the appointment, may have had some effect' in enabling me to

{

>ersuade some of the other lap^owners, but you cannot ensure always having a
andowner for an Inspector, find it is desirable now to put the Act on a working
footing. It is much to be wished that local archaeological societies should be
made to feel themselves responsible both for the inclusion of monuments under the

Act and their preservation afterwards
;
the .Act arms them with full powers for the

purpose if they think proper to use it.

At present no archaeological society has rendered any assistance whatever, but
Sir Herbert Maxwell, in Galloway, has not only offered his own monuments, he
has persuaded his neighbours to do the same. What Sir Herbert Maxwell can do
others equally public-spirited can do also, if it is clearly understood that it rests

with them to take action in the matter, and 1 think it should rest with thenct,

because, being local, they can do more than a single Inspector charged with the

snpervision of the whole of the monuments of Great Britain. I think that the
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Government should continue to appropriate a small sum (it is now under 200/. a
year) to apply to such purposes as may be thought desirable, such as building sheds
to preserve the moni)ments, but that they should not necessarily be held respon-
sible for all the monuments placed under the Act, and that the Bill being a permis-
sive one, it should rest with the public to make use of it or not, as they may tliink

proper. If there is no demand for the preservation of monuments, there is no
reason why the country should be saddled with the expense of it. If there is a
demalid, let those who are interested use the law on the subject as they use any
‘other to prosecute delinquents. I think also, the provision that the new monuments
before being included should rest forty df.ys before Parliament, might be advan-
tageously abolished. The First Commissioner, with the practical knowledge of the
Inspector, is fully competent to decide upon the monuments to be included. It is

evident that if it were desired to savu any monument that might be threatened,
the forty days would alford ample time to enable the destruction to be carried out
before the Act could bo applied. With these alterations I think the Act would
take root in the country and produce better results. Of one thing, however, I
feel certain, that as long as the owner of a monument takes an interest in it he is

the best person that the public can look to for the preservation of it.

In conclusion it may perhaps interest the meeting if I say a few words upon the
results of my recent excavations or. the borders of Dorset and Wilts, upon which I

have been at work for the last eight years, the detailed account of which is recorded
in the two quarto volumes extending to 641 pages and 159 plates, the last of which
is just completed.

I have excavated numerous barrows of the bronze age near Rushmore, about
half-way between Salisbury and Blandford. Winkelbury Camp has been examined
and sections cut through the ramparts

;
an Anglo-Saxon cemetery near it has been

dug out, and two Romano-British villages thoroughly explored, the positions of
which are shown on the map now exhibited on the walls, a reduced facsimile of

which is given on page 835.

In recording these excavations I have acted on the principle that views upon
anthropological subjects are constantly on the change, as our imperfect knowledge
of the early inhabitants of the country increases, and that when the records of excava-
tions are confined to opinions and results, it is probable that those facts only which
coincide with the theories current at the time, receive the prominence they deserve.

The requirements of the future demand that everything should be recorded and
tabulated in such a way as to be of easy access hereafter. I have therefore esta-

blished a system of relic tables in which, without confusing the text and making it

unreadable, every object, however small and apparently trivial, is inserted, and the
great majority of them are figured in the plates.

It would occupy too much time to enter into details on the present occasion.

The result has been to show by a computation from the bones of twenty-eight
individuals, found buried in pits in the villages, that the Romanised Britons of this

district were an exceedingly small race, having an average stature of not more than
6 feet 2*6 inches for the males, and 4 feet 10'9 inches for the females that the

tallest man was only 5 feet 7*8 inches, and he was an inch and u half taller than
the next tallest man.

In head form, the great majority of twenty^.^jx skeletons measured were
mesaticephalic and mostly coffin-shaped, but three were hyper-dolichocephalic

and two brachycephalic, which shows that the head form approached that of the

neolithic, long barrow people, with a probable admixture of either Roman or

bronze age types.

The stature is slightly less than that given by Thumam for the long barrow
people of this district, but Dr. Garson informs me that, in a paper which he will

read at this meeting, he will show that the height of the tRomano-Britons whom I
have discovered tallies as nearly as possible with that of some long barrow bones
found near Devizes. All are of course shorter than the skeletons of the bronze
a^e, two of which I have found in the same locality, and which are of the usual

tall stature and round-headed types of that pk>ple.

1888. 3 H
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The Romano-Britons are also Gonsiderably shorter than the skeletons of the
Anglo-Saxons found in the cemetery at Winlkelbury, which are described in my
second volume. *>

The problem^ therefore, with respect to these Romanised Britons, appears to 1m
this ;—are they the descendants of the long barrow people, and do they owe their

small stature to that circumstance, or is their small size to be attributed to their

largest men having been drafted away into the Roman legions abroad ? ^
Professor Rolleston examined a number of skeletons from a cemetery at fVil-

ford, which he believed to be Romanised Britons, and found that they were of

large size, but in my address to the Royal Archaeological Institute at ^lisbuiy,
last year, 1 expressed some doubt about the period of these skeletons, and in a
paper since published by Dr. Beddoe, I see that he rejects the evidence of their

being Romano-Britons upon the same ground that I had doubted it, and he quotes
Barnard Davies and Thiimam for the occurrence of other skeletons of these

people of the same or nearly the same stature as those of the villages that I have
explored.

’

We are therefore evidently beginning,to accumulate reliable inforination about
these people, whose physical peculiarities are less known to us than any other

prehistoric, or rather non-historic, race, that has contributed to the population of
this country.

Thurnam showed that the large-sized, routid-headed Beiges probably pene-
trated no further westward than the borders of the district I am speaking o^ and
that the bowl barrows and the long barrows of the Stone Age predominate to

the westward of it.

Sinco the present volume of my excavations was in print, I have quite

recently made another discovery of considerable interest bearing upon this

question.

Bokerley Dyke is an ancient entrenchment which cuts across the Old Roman
road from Old Sarura to Badbury Rings. It is an earthwork of considerable

magnitude, with a ditch on the north-east side of it. It appears to have originally

occupied all the open downland spaces intervening between the ancient woods,
which latter probably, by means of felled trees, afforded sufficient defence without
earthworks. It extends with ita dependencies and detached prolongations more
or less all the way from White Sheet Hill on the north-west to Blagdon Hill on
the south-east, a distance of about nine miles. Its origin and use have been fre-

quently discussed by archeologists, but no one has hitherto assi^fned a right date

to it. I have now cut two broad sections through it on either side of the Roman
road, models of which are exhibited, with the result of proving that it is late

Roman, or post-Roman, and is of the same date as the villages, Roman coins to the
amount of 600, of late date, extending t-o Oonstantinus and Gratianus, and potterv,

having been found in both sections^ll through the rampart, down to the old

surface line. It appears that the dyxe had been cut through ground occupied at

an earlier date by the Romanised Britons, and that in forming the ditcn they
threw up the refuse from the habitations to form the bank, including the scattered

coins and pottery. A human skeleton of similar character to those found in the
villages was also discovered beneath the old surface line in one of the sections, the
old surface line being clearly ipMirked over it, showing that it had been buried

there before the rampart wa^nrown over it. From this it appears probable that

this dyke was thrown up to defend the Romano-British villages that are situated

to the westward or rear of it, from an attack from the east, and that this must in

all probability have been done at the time when the ^Etxon invaders were pressing

upon them from the eastward.
This discovery throws a flood of light upon the history ofthis part ofthe country

at that time, and shows that the Britons must have made a stout defence against

their Anglo-Saxon conquerors, sufficient perhaps to account for the apparent pre-

dominance of British blood which has been noticed amongst the existing popula-
tion of the distriict.

,,

Wansdyke, which runs from a spot not far to the north of the Bokerley Dyke in
the direction of Bath, has the same defensive attitude as Bokerley, and the examir
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nation of it, which it is proposed to make, will show whether or not it is of the
same period.

The observations of Dr. Beddoe and other phydcal anthropologists upon the
present population of the country show that the people of the South-West of Eng-
land are, as a rule, shorter and darker than those to the eastward, and my own
observations upon the people of this particular district will, when they are sys-
tema^sed, tend to define the area of Jbhis ethnical frontier more precisely. It would
be a remarkable result if it should hereafter be shown that the physical changes
observable in the distribution of the existing population are in any way coincident

with these lines of defensive earthworks of the Roman or post-Roman age : and if

it should be further shown that the same physical characteristics have persistently

belm^ed to the people of this region ever since the time ofthe neolithic folk of the
long barrows, we shall find ourselves m the presence of anthropological deductions
of some value in their bearing on the history of England. I purposely avoid
speaking with con^dence upon this poini., feeling certain that the necessary evi-

dence for deciding the question lies buried in the soil of the district, and will here-

after be unearthed. I shall resume the inquiry as soon as the harvest, if such it

can be called this year, is over, but without bias, and with a mind prepared to

throw over any preconceived hypothesis, the moment it shows itself to be untenable.

MAP SHEWING THE AREA FORMERLY OCCUPIED BY CRANBORNE CHASE.
WITH THE ANTIQUITIES CONTAINED IN IT.
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The following Reports and Papers were read :

—

1. Report of the Committee for investigating the effects of different occvpa^

tions and employments on the Physical JDevelopmetU of the Swm<Mh‘

Body ,—See Reports, p. 100.

_ ^

2. Second Report of the Committee for ascertaining and recording the

localities in the British Islands in which evidences of the existence of
Prehistoric Inhabitants of the country are found .—See Reports, p. 289.

3.

The Constitutional Characteristics of those who dwell in large Tovms^ ae
relating to Degeneracy of Race. By G. B. Barron-, MUD., L.R.C.S.E.,

M.R.C.8., Hon. Surgeon-Major. %

The conditions of life and their general surroundings largely influence and
materially affect- the physical and constitutional characteristics of town dwellers.

The * vital force,’ or ‘ energy/ of the town Slweller ie^ inferior to the * vital

force’ of the country man. This is to be found in the general unfitness and
incapability of the town dweller to undergo continued violent exertion and the
long endurance of fatigue. The various factors at work night and day upon the-

constitution of the poorer class dwelling in towns develop that form of disease-

known as tuberculosis and pulmonary consumption. The town man is constitu-J^

tionally dwarfed, and his life is, man for man, weaker^ shorter
j
and more uncetdain-

than that of the country man
;
and the general tendency of his ailments is of the^

asthenic type.

I hold the opinion that the deterioration is more in physique, loss of muscular-
power, attenuation of muscular fibre, loss of integrity of cell structure, and conse*
quent liability to the invasion of disease, rather than in actual stature of inch
measurement. The true causes are ^ bad air ’ and ‘ bad habits ' of life. My con-
tention is, that it is in the loss of physical tonicity, vital capacity, and vital force,,

that the degeneracy is found, and not in actual loss of stature. Included in the
phrase * bad air/ I mean bad sanitation and over-crowding.

For thirty years I have been working at this question, and the more I examine-
it the more 1 am convinced of the accuracy of my conclusions. Sailors, fishermen,,

agricultural labourers, and sportsmen are rarely the victims of consumption. The
chief cause of consumption is foul air. Air filled with some kinds of dust and other-

noxious ingredients, produces a form of phthisis, as is seen in the Sheffield knife-

grinders, &c. Where people are huddled together in insanitary dwellings, such as
are found in the crowded courts and alleys of large towns, they are specially

prone to this disease. Experiments made by Br. Brown-S6quard on animals

-

prove this. The value of fresh air in preventing disease was known to Hippocrates-
Celsus, Aretseus, and Pliny. The fishermen of the Hebrides and Labrador are

specially exempt. ^
The absence of pure air produces pallor and feebleness of constitutional vigour

;

the tissues of the human body lose their tonicity and contractile power
;
Uie pent-

up denizens of courts and alleys in our large towns must necessarily degenerate in
p^sical competency

;
and their offspring is of feeble type

;
lowered vitality and

impoverished physique is the result.

These observations deal only with those who habitually dwell in towns.
The second factor is * bad habits of life,’ including the non-observance of rules of'

health, and intemperance, -With the various forms of * impurity.’ These tell a sad
story by smiting, with devitalising severity, the offTspriDg to the third and fourth
generations, as well as the direct victims who indulge in them. «

Imperfect feeding, and consequent malnutrition, causes degeneracy to be em-
phansM. The digestive capacity of the town dweller is not so perfect as that oU
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the countryman, and he is more liable to suffer from the products of imperfect
assimilation. The result often shows itself in the form of the uric acid diathesis

and the evils due to that condition, Bright’s disease, and allied diseases. The per-
nicious habit of too much indulgence in tea-drinking is injurious.

It is not the male sex alone we have to consider in this question. The mothers
of this part of future England produce an enfeebled offspring, and their develop-
ment’ is bad, and they are impaired in physique.

Town children are more quick-witted and artful, and adroit in cunning acquisi-

tiveness ;
but that does not imply superior intellectual development. It is supposed

that rapid growth of the nervous system retards the bodily development. I do not
think so.

No satisfactory answer has been supplied to the paramount question, * Is the
town dweller degenerating in stature of inch measurement ’ The constant immi-
gration into the towns of country men ari 1 women, introducing fresh blood into the
old stock by marriage, and thus renovating it, renders the solution of the problem
difficult, This is a decided counterpoise to degeneracy. The statistics of the
Anthropometric Society rather point to a lowered stature, but they are not condu-
cive unless they can be applied to pure town dwellers of two or three generations'

duration. Mr. Francis Galton measured 9,000 persons, and appears to have esta-

blished the fact that Cambridge students are rather taller and heavier than the
mean population.

As regards the physical impairment or degeneracy of the population of
towns in stature, the report of the Anthropometric Committee at the Southport
meeting says ‘ few statistics are in existence which help to throw light on this

subject.' The measurements of height and weight of the Factory Commission of

1833, and the report to the Local Government Board of the employment of

young persons in factories in 1873, show that there is no appreciable lowering of
stature.

The ‘ Lancet ’ Commission on the Sweating System discloses a terrible state

of things. The daily occupations of town dwellers and their homes and workshops
«re very insanitary, and * must lead to an impoverished condition of the animal
economy.

The remedies are Imperial legislation to improve the social conditions of the town
dwellers. Insanitary surroundings, over-crowding, uncleanliness, impurity, intem-
perance, must all be swept away. The children must be educated in the pure air of

the country. Make the parents sober and moral
;
give them pure air and plenty

of it, and away fly pale faces, dyspepsia, crooked backs (generally resulting from
tuberculosis), lowered vitality, stunted development, muscular attenuation, and
the imperfect elimination of hinctional products. <

The purely physical side ofhuman nature demands our attention. The instinc-

tive rush of the poorer classes into towifs in quest of the means to live has greatly

helped to complicate the problem of relief. Hardships of various kinds tend to

accentuate their wretchedness, and they seek solace too often in the unhealthy
pursuit of unrighteous habits. The problem of poverty has to be reckoned with
if the English race in large towns is to retain a fair standard of physical integrity.

4. The Physique of the Swiss as influenced by JR^ce and by Media.
By Dr. Bedpoe, F.iiJ.iS., V.P.A.L

The paper was founded on the official recruiting returns. The average stature

of Swiss recruits (including the rejected) between the ages of nineteen and twenty
is 163*6 cms., or 64*3 inches ; the full-grown stature perhaps nearly an inch higher.

It is greater, generally spealdng, in the districts where French or Bomantsch is

spoken than where the language is Italian or German. From the point of view of

race it is highest in the Ilelveto-Burgundian area, i.e. the Jura, contiguous to the

French department of the Doubs, where the stature is the highest in France,

lowest in tne Kelto-Alemannic area, especially around Appenzell, and in the Ober-
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land. Weaving and embroidery, which are the chief occupations about Appenzell,.

St. Gall, &c., may be blamed as productive of degeneration, but watchmaking, in

the Jura, does not seem to be so ; and the low position of the Oberland, which
extends to other points besides stature, is difficult to explain. Goitre seems to have
a geological distnbution

;
myopia belongs to the towns, to the highly-educated, to

the Germans (readers of German type), to the lacemakers and embroiderers. On
the whole, the physical development is healthiest in Nidwalden and Tessin, ftnd it

is suggested by the Swiss officials that the diet in these two cantons consists largely

of cheese. «

6. Oil Oolour-hlindnesa, By Karl Grossmann, M.D.
'

The question of colour-blindness, which, when first described 90 years ago, had
only the mterest of a scientific curiosum, has become one of very great importance
in our age of ocean- and railroad-racing.

Still, although everyone, with the exception perhaps of the official authorities, will

be of the same opinion as to the danger bf employing colour-blind people in posts

where coloured signals are to be distinguished, not the same unity exists as to the
theories concerning colour-blindness and colour-perception. Tne old theory of
Thomas Young (1802) obtained a new lease by lihe support of no less a name than
Helmholtz : but this theory is fast losing ground against the theory ofHering, who
admits two pairs of simple or fundamental colours. A third theory, that of the
•evolution of the colour-sense, has, as one of its supporters, Mr. W. E. Gladstone.
But it has not been considered anything else than a misunderstood BarwinistiQ
deduction, carried out with a great amount of philological knowledge.

Colour-blindness in its typical form is congenital, and, with the very rarest excep-
tion, is double-sided : it is either red-green-blindness or blue-yellow-blindness, or
total colour-blindness. As red-green-blindness is the usual and most important
form, we will consider it exclusively here for simplicity’s sake.

liie colour-blind individual ^ makes mistakes’ in distinguishing certain colours.

To him the ripe strawberry and its leaves, the blossom of the pomegranate-tree and
its foliage, the blush on a rosy cheek and the sky, are three pairs of equal colours.

The names given to certain colours by the sufferer may be right or wrong
;
they do

not convey to them the correct notions. A keen perception of dark and light shades
exists and often leads to the correct naming of colours. Still, naming is utterly

misleading as a rule. Holmgren has therefore modified Seebeck’s mode of testing

by placing a bundle of coloured skeins before the colour-blind, who has to select to
a given shade all those which match. If there be two different colours which
appear absolutely alike to the colour-blind, a pattern made of these two colours
will appear as of one colour only. On this principle Stilling based his plates,

an excellent idea, which, however, fails^ very often
;
the reasons will be seen

soon.

The author calls two such apparently identical but different fundamental colours
* twin-colours.’ Such colours are, for instance, a certain yellow and green. To these
two we may find a third fundamental colour, equally identical to the colour-blind,

a certain red, thus forming with the two others a set of ' triplet-colours.’ He now
found that while a certain green and yellow were twin-colours for all his colour-

blind patients, the corresponcfing red was right for some, too dark for others, too
light for others again. This he found was due to the way in which the different

eyes perceived the spectrum. If the red end of the spectrum was shortened, cer-

tain reds appeared darker than to eyes with a normal extension of the spectrum.
Dr. Grossmann utilised this by embroidering letters of three colours so as to form
on a bro-wnish ground a red letter, say an F, completing it by green in such a
manner as to form a B. ^A red-green-blind eye with normal spectrum will then
see a blank ground ; while one with a shortened spectrum sees the letter F dark on
a lighter ground.

Another difficulty is the variability of the daylight, which affects the differeift

colours in twin combinations to a different degree. Both these reasons explain
why StUling’s plates so often fail.
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The wool letters, though very nice, handy, and without gloss, are very apt to
iiEtde.

In order to get a more uniform light, and also to more readily imitate the signal-

lights, patterns were formed of twin*coloured glass, cut into small sauares and
arrang^ into mosaic figures, between two plain glasses so as to form a slide which
is put into a lantern. These slides are not subject to the Variability of daylight,

and '(/ill never fade. The little squares are hardly destructible.

FRIDAY. SEPTEMBER 7.

The following Papers were read ;

—

1. On JELurmin Bones discovered hy General Pitt-Rivers at Woodcuts

^

Rotherley^ ^c. By Dr. Beddoe, F.R.S»

The paper contained a comparison of the Romano-British skulls found at

Woodcuts and Rotherley, and of the Anglo-Saxon ones at Winklebury, with re-

marks on the striking dinerence iu stature between the two former and the latter

series. The difierences in size (of the skulls) were inconsiderable, and the average
cephalic index was about the same in the Romano-Britons and the Saxons, falling

just below 76. The elliptic form predominated in the Saxons, the ovoid and
coffin-shaped in the Britons. The frontal radius and arc of Busk were larger in

the Saxons. In the Britons neolithic forms, pure or mixed, were frequently ob-

served, Dental caries was more frequent in the Britons. The author doubted
whether the stature of the Britons was quite so dwarfish as had been supposed

;

if allowknces were made for the soft parts, for the advanced age of some of the

individuals, or if they were supposed to have the shortness of limb often found
in people of low stature, the male average might even be raised as high as some-
where between 6 ft. 4 in. and 6 feet 6 in. (164 centimetres). In any case, how-
ever, the stature was very low, whether compared with that of the Winklebury
Saxons (over 6 feet 7), or with the bronze people, or with Davis and ThurnamA
long-barrow men. The author inclined to agree with the suggestion of General

Pitt-Rivers that the race might have degenerated in stature under the combined
influence of oppression, poverty, &c., and of the abstraction, generation after gene-
ration, of the taller men for service in the legions.

2. jEIwnan Remains from Wiltshire,

By J. G. Garson, M.D., V.P, Anth. Inst.

In his important work on ‘ Excavations in Cmnborne Chase, near Rushmore *

General Pitt-Rivers has asked the following question regarding the human skeletons

he found :
‘ What race can these people be taken to represent ? Are they the

survivors of the neolithic population which after being driven westward by suc-

cessive races of Celts and others continuedCo exist
,
in the out-of-the-way parts of

this region up to Roman times, for which hypothesis the crouched position of the
interments and their markedly dolichocephalic or hyperdolichocepbalic skulls

appear to afford some justification, or are they simply the remnants of a larger

race of Britons deteriorated by slavery and reduced m stature by the drafting of
their largest men into the Roman legions abroad ? In order to throw sonae light

on this important subject, the author has examined several skeletons obtained in

various parts of Wiltshire from excavations of barrows confining human remains
associated with neolithic implements* Of these neohthic people there seem to

have been two varieties; both of these are characterised by having long narrow
‘ Skulls, but the skull of the one variety differed from that of the other in that,

while one is of regularly oval outline, the other has flattened sides which give it

a coffin- or pear-shaped appearance. The skulls examined by the author showed
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both those varieties to exist in Wiltshire, eight being of the oval form and four of
the coffin-shaped variety. General Pitt-Rivers’ specimens showed the same varieties

to exist, but the oval form to be greatly predominant in numbers. The author

found two specimens to be hyperdolichocephalic (Oephalic Index, 66-69), seven
dolichocephalic (Index, 70-74), three mesaticephalic (Index, 76-79), and no brachy-
cephalic specimens. Of the specimens excavated by General Pitt-Rivers, three are

hyperdolichocephalic, eleven dolichocephalic, ten mesaticephalic, and two bAchy-
cephalic. The characters presented by the neolithic skulls showed evidence of
the people at that time not being of absolu^ly pure race. Examination of General
I*itt-Kivers’ specimens showed that the characters of the skull were identical with
those of the early race, though there was evidence that in the interval of time
which separated the two sets of interments the people had become, aa was to be
expected, somewhat more mixed. This fact would account for the greater number
of mesaticephalic persons among the skeletons excavated by General Pitt-Rivers,

both the Celts and the Romans with whom they came in contact having much
rounder heads than themselves, while the brachycephalic skulls found by General
Pitt-Rivers proved themselves to be thosfe of Celts or Romans who had been in-

terred with the Britons. Passing to an examination of the long bones of the
skeleton, the author found the average stature of the neolithic persons he had
examined, estimated from the length of the foinur and humerus is, 1,688 mm.
(6 ft. 2‘5 inches)

;
others, estimated from the radius (consequently not to be so

much depended on), averaged 6 ft. 6 inches, the average ofthe whole being 1,628mm.
( = 6 feet 4 inches), which is the identical average of the skeletons from Woodcuts
village. If the statures estimated from the radius be excluded-^which, owing to
their being much greater than those estimated from other bones, may fairly be
done—the average stature of the neolithic Briton and of all the Romano-British
people found by General Pitt-Rivers at both villages is exactly the same.

From the characters of the skull and the statures being as nearly as possible

identical with those of the early dolichocephalic and neolithic inhabitants of Britain,

the author concludes that the human remains obtained from General Pitt-Rivers’

excavations are no other than those of the neolithic people who had existed down
to Roman times in a comparative state of purity. The evidence of this being the
case seemed to him to be corroborated by the fact that down to the present day it

is easy to trace remnants of the old Iberian race in various parts of England and
Wales, notwithstanding the great interchange of population which has taken place
during the present century.

3. 071 a Method of invesiigatmg the Development of Institutions ; applied to

Laws of Marriage and Descent. By Edward B. Tylor, F.B.8*

With the view of applying direct numerical method to anthropology, the writer
has compiled schedules of the systems of marriage and descent among some 360
peoples of the world, so as to ascertain by means of a ‘ method of adhesions ’ how
far each rule co-exists or not with other rules, and what have been the directions
of development from one rule to another. As a first test of the results to be ob-
tained by this means, the barbari^custom is examined which forbids the husband
and his wife’s parents (though on a friendly footing) to speak or look at one another,
or mention one another’s name?. Some seventy peoples practise this or the converse
custom of the wife and her husband’s relatives being obliged ceremonially to * cut ’

one another. On classifying the marriage rules of mankind, a marked distinction
is found to lie between those peoples whose custom is for thq husband to reside with
his wife’s family and those where he removes her to his own home. It appears that
the avoidance custom between the husband and the wife’s family belongs prepon-
derantly (in fourteen cases, ^s compared with eight computed as likely to Wppen by
chance) to the group of cases where the husband goes to live with the wife’s family.
This implies a causal connection between the customs of avoidance and residence,
suggesting as a reason that the husband, being an interloper in the wife’s family,*’
must be treated as a stranger

;
to use an English idiom expressing the situation,^

he is not ‘recognised.’ Other varieties of the custom show similar preponderant
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•twlheBions. Another custom, here called teknonymy, or naming the parent from the
child, prevails among more than thirty peoples

;
as an example was mentioned the

name of Ra-]^ary, or Father of Mary, by which Moffat was generally known in

Africa. This custom proves on examination to adhere closely to those of residence

nnd avoidance, the three occurring together among eleven peoples, that is, more
than six times as often as might be expected to happen by chance concurrence.
Thei/bonnection finds satisfactory explanation in the accounts given of the Oree
Indians of Canada, where the hiisba,nd lives in his wife’s house, but never speaks
to his parents-in-law till his first child boin

;
this alters the whole situation, for

though the father is not a member of the family, his child is, and so confers on
him the status of ‘ Father of So-and-so,’ which becomes his name, the whole being
then brought to a logical conclusion by the family, ceasing to cut him. These
etiquettes of avoidance furnish an indication of the direction of change in social

habit among mankind
;
there are eight- peoples (for instance, the Zulus) where

xesidence is in the husband’s family, with the accompanying avoidances, but at the
same time avoidance is kept up between t)^e husband and the wife’s family, indi-

cating that at a recent period he may have habitually lived with them.
The method of tracing connection between customs is next applied, with the aid

of diagrams, to the two great divisions of human society, the matriarchal and the

patriarchal, or as the present writer prefers to call them, maternal and paternal

systems. In the maternal system descent and inheritance follow the mother’s side,

and the guardian of the children is the maternal uncle, not the father, whose asser-

tion of parental rights belongs to the paternal system with descent and inheritance

on his side. The problem to be solved is, which of the two systems is the more
primitive, and to this the present method gives calculable answers, showing that

the drift of society has been from the maternal to the paternal system. Thus the
law by which the eldest son of an African chief inherits his stepmothers as wives
belongs only to the stage where patriarchy is in force, which is consistent with this

being the later system
;
liad it been the earlier system the custom would have

survived into the midst of matriarchy, where, in fact, it is not found. The custom
of the ^ couvade,’ where at the birth of the child the father is nursed and dieted

and otherwise behaves as though he were the mother, is evidence in the same direc-

tion. In the maternal stage of society, where the father has hardly any power or

position, this farcical proceeding is unknown, but where the paternal relation begins

to be more developed, we find it asserted among twenty peoples by the ceremony of

-couvade, which even lasts on, in eight cases, into the full paternal system, being
only just extinct in Europe, where it lingered till the end of last century in the

Pyrenees. These several customs are so stratified as to demonstrate that Bachofen,

McLennan, Bastian, Morgan, Lubbock, Giraud-Teulon, Wilken, Fison, Howitt,
Lippert, Post, have judged, rightly, from the evidence before them, in taking the

matriarchal system as the earlier, from which the patriarchal gradually arose.

The paper continues with the argument that a chief underlying cause of both

systems is still traceable in society. A diagram showing the classification of peoples

:according to residence showed 65 peoples where the husband attaches himself per-

manently to the wife’s family, 76 where such temporary residence is followed by
-removal to a paternal home, and 151 where the pai^riral home is resorted to from
the first. The changes brought about by the man’s ceai^rgnito be in the hands of his

wife’s kinsmen, and becoming lord of a household of his own, represent, in fact, the

transformation of maternal into paternal society. Among the Pueblo Indians the

Hon. J. W. Powell, of the Bureau of Ethnology at Washington, has had the oppor-

‘tunity of watching this change brought about by the necessity of removal of

families, for agricultural purposes, from the parent settlement.

By the method of adhesions, examination is next made of the practice of wife-

capture, recorded among about 100 peoples, as a hostile aot, a recognised and con-

doned mode of marriage, or a mere formali||y. The two latter kinds (connubial

•und formal) only come into existence with jbhe paternal system. It is obvious that

this must be so, as the capture of a wife, even in pretence, necessarily involves

her passing into the husband’s home and authority. The system of exogamy or

marrying-out,’ in which husband and wife must belong to different clans, classes,



842 BEPOBI—1888.
1

or families, does not appear to be derived from the practice of capture, as some 14
peoples, representing so early a stage of the maternal system as to have residence

in the wife’s family, a state of things which could not have followed from capture,

nevertheless already forbid marriage within the clan. With reference to the Rev.
Lorimer Fison's argument that the Olassificatory System of Relationships described

in North America, Hindostan, &c., by the Hon. L. H. Morgan, results directly from
exogamy in its Australian form, it is here further shown by a table of adstesiona

that the closest connection exists between exogamy and this system of relationships,-

and also with the rule of * cross-cousin marriage ’ which in several tribes allows
marriage between the children of a brother and sister, but not of two brothers or
two sisters. By taking these together, it is found that the list of exogamous peoples

of the world may be enlarged to over 100. It appears from the testimony of a
number of writers that the rule of exogamy, whatever its precise origin, has from
the first been a means of binding together tribes and nations by intermarriages-

between the clans or groups of which they are composed, and thus resisting tho
disintegrating efiects of quarrels, which would separate in permanent hostility the
small isolated communities which endo^my tends to form. A community which
marries in has no allies outside ; these can only be gained by intermarriage, and
savage tribes must again and again have had to face the plain alternative, whether
they would marrv out or be killed out. •

It is evident irom the tables that the rules of human conduct are amenable to<

classification, so as to show by strict numerical treatment their relations to one
another. It is only at this point that speculative explanation must begin, guided
and limited in its course by lines of fact. In the words of Prof. Bastian, the
future of anthropology lies in statistical investigation. The present paper shows
that the institutions of man are as distinctly stratified as the earth on which he
lives, succeeding one another independently of difference of race and language, by
similar human nature acting through necessarily changing conditions of savage,
barbaric, and civilised life.

4. Australian Message-stichs and Messengers. By A. W. Howitt, F.0,8.

The use of message-sticks is not universal in Australian tribes, and the degree of
perfection reached in conveying information by them differs much. Some tribes,

such as the Dieri, do not use the message-stick at all, but make use of emblematical

tokens, such as the net carried by the Pinya, an armed party detailed by the-

Council of Headmen of the tribe to execute its sentences upon offenders. Other-

tribes, such as the Kurnai, use pieces of wood without any markings. Others,

again, especially in Eastern Queensland, usa> message-sticks extensively, -which

are often elaborately marked, highly ornamented, and ev^n brightly painted..

No messenger, who was kno-wn to be such, was ever injured.

The message-stick was made by the sender, and was kept by the recipient of
the message as a reminder of what he had to do.

For friendly meetings the messenger of the Kumai, of Gippsland, carried a man’s-

.

kilt and a woman’s apron hung on a reed ;
but for meetings to settle quarrels or

grievances by a set fight, or fo^hostile purposes generally, the kilt was hung upon

the point of a spear.

Among the Wotjoballuli of the Wimmera River in Victoria, the principal man
among them prepares a message-stick by making certain notches upon it with a

knife. The man who is to be chaiged with the message looks on, and thus learns

the connection between the marks upon the stick and his message. A notch i»

made at one end to indicate the sender, and probably notches al^ for those who-

join him in sending the message. If all the people of a tribe are invited to attend

a meeting, the stick is notched from end to end; if part only are invited, then a
portion only of the stick is notched

;
apd if.very^ few people are invited to meet or

referred to in the verbal message, then a notch is made for each individual as he is

named to the messenger. *

The messenger carries the stick in a net-bag, and on arriving at the camp to
which he was sent, he hands it to the headman at some place apart from'tho
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othen, saying to him, ^So>and>8o sends you this/ and he then gives his message,,
referring, as he does so, to the marks on tne message-stick.

Tha author gives an explanation of the method adopted for indicating
numbers, which mlly disposes of the idea that the paucity of numerals in the
languages of the Australian tribes arises from any inability to conceive of more
numbers than two, three, or four.

AMessenger of death painted his face with pipe-clay when he set out, but did
not in this trine cany any emblematical token.

Among the Wirajuri of New South Wales, when the message was one caUing
the people together for initiation ceremonies, the messenger carried a * bull-roarer,’

a man’s belt, a man’s kilt, a bead string, and a white he^-band, in addition to the
message-stick.

In New South Wales, the Kaiabara tribe use message-sticks cut in the form of
a boomerang, to one end of which a shell Is tied.

As a rule the notches on a message-stick are only reminders to the messenger
of the message he is instructed to deUver, and are unintelligible to a man to whom
they have not been explained; but certain notches appear to have a definite

meaning and to indicate different classes
;
and among the Adjadura there is an

approach to a fixed rule, according to which these sticks are marked, so that they
would convey a certain amount c l’ meaning definitely to an Adjadura headman
independently ofany verbal message.

5. Social Begulationa m Melanesia.

By the Rev. R. H. Codeington, D.D.

Introductory.—The part of Melanesia in view comprises the Northern New
Hebrides, the Banks’ Islands, Sta. Cruz, and the South-eastern Solomon Islands.

The Social Regulations which obtain among the people are described from personal

observation, and from information given by natives. A considerable portion of

the whole subject is thus in view, and with particular differences there is a general

agreement, from which a wider likeness throughout the Melanesian population may
be inferred.

The Social Regulations dealt with are only those relating (I.) to Matriage, and
(II.) to Property,

I. Social Regulations relating to Marriage.

1. The entire arrangement of society depends on the division ofthe whole people,,

in every settlement, large or small, into two or more classes, which are exogamous,
and in which descent follows the mother. This division comes first of all things in

native thought, and all social arrangements are founded upon it. Mankind, to a
woman, was divided into husbands and brothers

; womankind, to a man, into

wives and sisters— at least, on about the same level of descent. Illustration from
a story.

2. The members of these divisions are all intermixed in habitation, property,

subordination to a chief, and in the well-understood relationship througn the

father
;
the divisions, therefore, are not tribes. •

=
.

3. Examples from two regions—(«) where these divisions are two, as in the

Banks’ Islands and Northern New Hebrides
; (6) where there are more than two,.

as in Florida, in the Solomon Islands.

(a) 1. Where there are two divisions there is no name to either. In Mota
there are two mve (distinction)

;
in Lepers’ Island two wai~vuny (bunch of fruit).

2. The divisions are strictly exogamous
; irregular intercourse between mem->

bers of the same is a heinous crime ; avoidance of the perf^n and name of father-in-

law, &c., is the custom.
^ ^

8. No communal marriage in practiisel or tradition of it
;
yet a latent conscious-

n^wof the meaning of the words used for husband and wife, mother, &c. The
stOT of Qat shows individual marriage. The levirate, and practice of giving a
wife to set up a nephew in the world.
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4. Descent through the mother makes the close relation of sister’s son and
mother’s brother

;
the son takes his mother’s place in the family pedigree. Certain

rights of the sister’s son with his uncle. The mother is in no sense head of the

family. The bridegroom takes his bride into his father’s house, if not into his

•own.

6. A certain practice of couvade prevails.

6. No capture in marriage. Adoption of no importance. *

(d) 1. In Florida, in the Solomon Islands, and the neighbourhood, is found an'

• example of four or six divisions, called km%a. In strict exogamy, descent follow-

ing the mother, and local and political intermixture, all is the same as in the

Banks’ Islands. But each kema has its name, and each has its butOj that which
the members of it must abstain from. The names are some local, some taken from
living creatures. The buto is mostly something that must not be eaten.

2. Question whether totems are present. The bird which giving its name to

one ketna is not the hvto of it, can be eaten. Comparison from the Island of

Ulawa.
3. Exceptional condition of part of ifealanta and San Cristoval, in the apparent

absence of exogamous divisions of the people, and in descent being counted through
the father.

(

II. Property and Succession.

A, 1. Land is everywhere divided into (1) the Town; (2) the Gardens

;

(3) the Bush. Of these, the two tirst are held in property, the third is unappro-
priated.

2. Land is not held in common

—

i.e., each individual knows his own
;
yet it is

• rather possession and use for the time of what belongs to the family, and not to the

individual. A chief has no more property in the land than any other man. Sale

of land was very rare before Europeans camo ; and sale of land by a chief beyond
his own piece, no true sale. Example at Saa of the lixed native right of property

in land. Abundance makes land of little value.

3. Land reclaimed from the bush by an individual, and the site of a town
founded on the garden ground of an individual, has a character of its own.

4. Fruit trees planted by one man on another’s land, remain the property of

the planter and his heirs. In a true sale the accurate and particular knowledge' of

property in land and trees is remarkably shown.
6. Personal property is in money, pigs, canoes, ornaments, &c.

B. 1. The regular succession to property is that by which it passes to the

sister’s son, or to others who are of kin through the mother.
2. But that which a man has acquired for himself he may leave to his sons,

or his sons and their heirs may claim. This is the source of many quarrels, the

character of a piece of land being forgotten, or disputed by the father’s kin.

3. Hence a tendency to succession to the father’s property by his sons follows

the assertion of paternity, and the occupation of new ground.

4.

A man’s kin still hold a claim on his personal property, but his sons, who
are not his kin, will generally obtain it.

6. On the Funeral Bites and Ceremonies of the Nicobar Islanders,

By E. H. Man.

The author, who during a residence of many years in the Nicobar Islands

has made a careful study of the habits and customs of the aboriginal inhabitants as

well as of their language, forwards a paper tteating in detail of the Nicobareso
funeral rites and ceremories.

The mortuaiy customs in the central and southern islands differ in many points
from those observed by the communities inhabiting the northern portions of the
Archipelago ; all alike appear to indulge in demonstrations of grief, which amoitnt
'to almost frenzied extravagance, and which are induced in the majority of mourners
less by real sorrow than by the dread entertained of, and desire of conciliating the
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disembodied spirit, which is credited with peculiar activity and malevolence im-
mediately after its release.

It is incumbent on all relatives and friends to repair as speedily as possible to
the hut where a death has taken place, and those who fail to bring with them the
customary offering of white or coloured caliOo must make a valid excuse to the
chief mourner, who would otherwise regard the omission as an insult to be
remembered and rendered in kind at the earliest opportunity : these offerings vary
in quantity from a few yards to an entire piece, and are, as soon as they are pre-
^nted, torn into lengths of about two yards and utilised for shrouding the corpse

they must be of new material, and may ^e of red, blue, white, striped, or checked,^

but never of blackj calico.

In most of their funeral appointments the Nicobarese have, it appears, an un-
explained preference for uneven numbeis; the body must be washed oncey thrice, or
Jive times ;

it is laid on a bed or pad of the calico offerings, 80 being used for a head
man, and 29 or any less uneven number foi* persons ofminor importance

;
under the

?
ad are placed 3, 5, or 7 Areca spathes, and these again are kept in position by 6,.

,
or 9 swathes or bands of calico : curious-shaped pegs to the number of 7 or ^

are also used to secure the body in the grave in order to prevent its abstraction by
a -class of evil spirits whose energies are supposed to be directed to this end.

A practice analogous to that of barring the ghost by fire, prevails also in these
islands, and a pyre is ignited with fiAsticks—which are only used on these occasions

—at the foot of the hut where the dead is lying for the twofold purpose of keeping
the disembodied spirit at a distance and apprising friends approaching or passing
in a canoe of the sad occurrence.

Mourners are required to abstain from food from the time of the death until

after the prescribed cleansing of the dwelling and personal ablutions and lustration

by the menluana or priest-medicine-man on the following day
;
quids of betel and

sips of almost boiling water are the only refreshment permitted during the interval

a set period of abstinence is further observed which varies in duration from one to

three or even four years.

There are cemeteries attached to every village, in which each family owns a
certain area. The natives of the coast and inland tribes in the Southern group
leave their dead undisturbed, but at Car Nicobar, Chowra, Teressa and Bompoka
ossuaries are found where, after successive exhumations and re-interments, the

remains are deposited. At Car Nicobar mortuary huts are kept exclusively for-

the reception of the dead prior to their interment, and certain sacrificial acts

are performed which are of interest. Throughout the group the memory of the-

departed is kept alive and their manes propitiated by frequent feasts which are-

celebrated in their honour.

7. Notes on the Shell-Motmds and Ossuaries of the Choptank River, Mary-
land, TJ.8.A, By the Chevalier R. Elmer Reynolds.

This paper was accompanied by a series of stone implements and utensils typical

of those found during the writer’s research in the region named, ^ecimens of

cremated and other osseous remains were also exhibited as a portion ofa collection

taken from a very interesting communal ossuary in jDorchester County.
A'

• • . « • • • •

Chapter I.—The Book op Life

—

contains a brief history of the Choptank and
Nantdcoke tribes, which were located on the Choptank river. The history of the

Choptank tribe was traced from early historic times until the present. Renmanta
of these people still live in the states of Maryland and Delaware.

• • • • • • •

Chapter II.—^Thb Shores op Talbat—

^

locates and describes the present con-

dition of the following shell-mounds on the northern shore,of the Choptank.

Paford, at the mouth of the river ; mound covers several acres of ^ound, with

a depw varying from 1 to 3 feet. Shells much decomposed. ' Implements, hammers^
ruda axes, arrows, shards of pottery. See.
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CMords Bm/f 2 miles above j
mound on shore of ba^ f mile long, and 100

yards wide, 1 to three feet thick ;
anciently 8 to 14 feet high

;
shells removed and

converted into lime for agricultural purposes. Remains of several ancient pits in

which the oysters were steamed with hot stones and water.

Paleo and neo axes and celts, hammer-stones, mullers and pestles, arrows

(hunting and war), spears, knives, scrapers, gorgets, fragments of ceremonial

weapons, shards of pottery, &c.

HowdVa Pointy 2 miles above
;
large mound and shell-field, whose extent could

not be determined as the soU was under cultivation. The greatest deposit of shells,

12 to 14 feet, A few rude paleo implements and utensils.

RoadLey Manor

y

3 miles above
;

field on eastern shore of Reid’s Creek
;
mound

nearly a mile long by 100 or 200 yards wide, greatest depth 3 or 4 feet. Shells

decayed. Indian remains ploughed up. Axes of lw)th types, celts, hammers, arrows,

spears, knives, and pear-shaned pendant of serpentine and drilled net-sinker.

Bolinghroke Creek, 2 miles east; 16 or 20 acres covered with shells, greatest

depth 3 feet. Paleo axes and celts, nuclei, pottery and arrows, spears, Imives

: and scrapers of jaaper. Find jasper in 8\tu on the shore. Very important archseo-

lo^cal discovery.

Chancellot''8 Point, 2 miles above
;
ancient mound 24 feet high. Remains of

Indian found buried in the shells. Polished axes, hammers, arrows, spears, knives,

pottery, &c.
*

Oooee Pointy 2 miles above. Shells 1 to 3 feet deep and cover many acres.

Ancient camp on top of mound. Forty years ago the circles where the Indian
lodges were pitched could still be traced. Hammers, arrows, ipottery, amygdaloid
celts fourteen inches in length and superb double-faced polished axes.

‘ Ingleside.’ 2 miles above. Mound short and wide on high shore. Only 1 to

3 feet remaining. Half a million of bushels removed since 1867. Hammers, arrows,

pottery and superb double-faced polished axes.

Jamaica Point. 1 mile up the river. Small shell-field in peach orchard.

Rude implements. Large mound (remains of) in field beyond. Shells not more
than one foot deep. Implements of quartzite and rock crystal.

Outram Manor. 1 mile above. Shell-field in orchard, depth sunerficial.

Many polished axes and arrows, spears, knives, &c., of quartzite, argellite and
jasper. Find an abundance of large jasper pebbles on shore. Colour red, yellow,

black and variegated. Cleavage excellent.

, Bamberg. 2 miles above. 6 to 7 acres covered with shells at a depth varying

from 1 to 3 feet. Oblong ungrooved axes, celts, arrows, hammers, pottery and
small implements.

Cox's Farm. 1 mile above. A scattering shell-field, polished axes, nuclei,

arrows, pottery and flint-chips. The oyster beds cross at this point, and no more
mounds are found above. The river now becomes swampy, except at its channel on
the opposite shore.

/
,

'

Chapter HI.—The Sepulchres op Dorset.— 77*e Tomb of the Kings.—Circtilar

ossuary discovered in Cambridge while building the new jail in 1883. 16 feet in

diameter and 7 feet high. Contained the remains of sixteen Indians seated on
rocks, facing inward. ProVbly men of high rank.

Pre-Colvmbian Necropolis .—At Sandy Hill. Ossuary secondaiy, communal;
remains cremated by eleven fires. Found 16 feet below the surface in the face of a
cliff 70 feet high. Over the ossuary was a mound of shells and the remains of an
ancient fishing camp. Depth of shells 1 foot.

Ossuary T-shaped, the horizontal bar 15 feet long, 4 feet wide, and 2 feet thick,

extending parallel with the river
;
the upright bar 30 feet long extending rearward

into the hill, the other measurements corresponding with transverse portion.

The writer exhumed all of the remains, 300 skeletons.

Crania of much ethnological value, now in possession of the Army Medipal
Museum.

^

‘

Among many interesting pathological conditions found are the following:

—
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1. Cervical vert, of a child of ten years, the spinous process deflected obliquely
to the left by traumatic influence.

2. The remains of a pre-natal child.

3. Several segments of the dorsal and lumbar vert, united by extra-osseous
deposits. Adult, cause due to old age, disease, or injury.

4. Lower jaw of an adult who died just before Ming placed in the crematory
fire, as shown by the warped condition of the specimen. Coronoid process deflected
by heat.

6. Lower third of right femur, siv'wing comminuted fracture, reunion of
mlinter^ bones, intraosseous abscesses, suppuration and escape of pus by nearly a
dozen circular openings through the bone. Diseased conditions extended for a
long time.

> SATURDAY, SEPTEMBER 8.
i

The following Papers and Reports were read :

—

1 . Marriage Guatopm of the New Britain Group.
By the Rev. Benjamin Danes.

For marriage purposes the people of New Britain are divided into two classes

or^ divisions. No man may marry a woman of his own class. To do so would
bring instant destruction upon the woman, and if not immediate death to the
man, his life would never be secure ; in fact, sexual intercourse between a man and
woman of the same class is regarded in the same light as between brother and
sister in a Christian community.

As, however, children are of their mother’s totem, it is possible for a man to

marry his niece, although there is a great repugnance to such unions among the
natives.

Preparations for marriage are various. On Duke of York Island, initiation into

the secret society which is called Dukduk seems a sufiicient preparation (though not
absolutely necessary to marriage) for the boys, and there appears to be no needful
preparation for the girls.

On New Ireland some girls wear a fringe across their shoulders until they are

marriageable. These are the poorer classes. Others are put into cages, in which
they remain four or five years without being allowed to go outside the house in

which they are confined.

These cages are conical structures about 7 or 8 feet in height, and about 10 or
12 feet in circumference at the bottom and for about 4 feet from the ground,
where they taper off to a point at the top. They are made of the broad leaves of
the pandanus tree, sewn quite close toother so that no light and very little air

can enter. On one side is an opening which is closed by a double door of plaited

cocoanut tree and pandanus tree leaves. About 8 feet from the ground tWe is

a stage of bamboos which forms the fioor. There is only room for the girl to rit or

He down in a crouched position on the bamboo piriform, and her feet are never
allowed to touch the ground all the time she is cob;fined in the cage. Great
marriage-feasts are provided for these girls when they are taken out of the cages.

. The author describes some Of the customs in connection with the preparation

of young men for marriage on the island ofNew Britain.

Wives are purchased with shell money, and are often married at a very early

age. After the price has been decided and paid the girl may be taken away at

once to her husband’s house, or she may be allowed to remain with her friends for

a considerable time.
*

On Duke of York Island there is generally a marriage-feast of a superior kind
wli^n persons of infiuence are being married. The wopaen of the town and sur-

rounding district prepare a large number of puddings, arid many pigs are killed.

Many presents are given to the bride in public, which she is expected afterwards to
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return privately. A cocoanut is broken over the heads of the pair, and the milk
sprinkled upon them. After this there are periodical feasts for a considerable-

time, the friends of the bride entertaining the friends of the bridegroom and
vice versd.

When a man marries a second wife after the death of the first, the female^

relatives of the dead wife gather together and are permitted to do as much damage
to his property as they can.

A man may have as many wives as he can purchase, but if he cannot afford to>

buy one, and his credit is low, he may have to remain single.

2. Totem Clans a7id Star Worship, By George St. Clair, F.G.S,

The author defines totem as the crest of a clan, and enumerates briefly the-

features of the institution. The origin of Totemism is confessedly obscure, the latest

views are unsatisfactory
;
the author has gathered evidence in favour of a new

view, and asks to be heard.

Beginning with a small community lyhich has its camp to guard, and perhaps
its religious tabernacle, let us suppose that the eldest sou of every mother is liable

to military service. The camp is divided, say into four quarters, and the young^

men serve in turn for a fourth part of the year. In larger tribes the division may
be into twelve, the year being already divided ^nto months. The religion of tho

tribe is astral, like that of the ancient Chaldeans, and the watchers Wow what
constellation is uppermost in the first month, and which in the second month, and
so on. If the first band finds the Bull Constellation in high heaven in the dead
of night, during its month, it will reverence the Bull

;
the young men will return

to their tents at the month’s end and speak of the Bull
;
they will remember that

when the Bull is in the ascendant again they will have to do duty again
;
and they

will come to be known as the Bulls. For the like reason others become goats and
scorpions, or kangaroos and blacksuakes, according to the names of the star groups
with different peoples.

The Bulls tattoo themselves with the bull crest, and carry it as a military

ensign. The goats, the kangaroos, &c., do the like.

The Bull Constellation, or the Bull’s-eye Star Aldebaran, is the special god of

the clan, and is to be reverenced. The bull quadruped becomes the earthly

representative of the starry deity, and is not to be used as food.

The members of the Bull clan being now known as the Bulls, or designated by
the equivalent expression, ‘ Sons of the Bull,’ the Bull is said to be their father ;

the father of the clan, their great ancestor.

But no sooner is the original tribe thus divided into twelve clans than the
danger of disruption is perceived, and to counteract it, the rule or custom of

exogamy is introduced.

The author meets the preliminary objection that barbarous tribes would not
be advanced enough to frame a religious system upon an astronomical basis

;
and

then proceeds to adduce evidence in support of every step of the process. He finds,

in reviewing the number of clans in a tribe, a preponderance of the number four

corresponding to the quarters of the year, and the number twelve corresponding to

the months, during which service would be performed by the clans in rotation.

He shows it to be a natural ^arrangement that totem clans should be found localised

in nomes or districts. The curious connection between totemism and the trans-

migration of souls is explained by the Egyptian belief that the soul, after death,

goes the way of the sun, and consequently passes through the zodiacal constellationa

one after another, and becomes identified with each in turn.

This stellar origin of totemism goes far to account for the widespread character

of the institution. Measures for self-defence would be adopted instinctively by all

tribes. The heavens ar(fspread before all, and the moon everywhere divides the

year into months. ..

If the theory be trae, it not only explains things which have a^]^ar^
’mysterious, but it indicates fresh lines of inquiry. These are briefly specified in

the paper.
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3. The Survival of Corporal Penance, By Osbert H. Howarth.

The author exhibited specimens of the * disciplinas ’ or scourges, the use of which,
by way of public penance, still survives in the village of Fenaes d’Ajuda, a remote
community on the north coast of St. Michael’s, Azores. It is presumably a practice
which has been continued in this place without interruption since the tirst coloni-
sation of the islands by the Portuguese in the Middle Ages, and is still exercised
with%uch extreme severity as occasionally to result in death. The features of the
belief associated with self-tiagellation are peculiar to the place, and to some extent
inconsistent with the teaching of the •Koman Catholic Church in modern times.
They therefore constitute another evidence that, whereas the public exhibition of
this penance was repeatedly suppressed in Europe, even during early times, it has
escaped attention and been perpetuated in this one instance up to the present
year, when, in consequence of the attention recently drawn to it, steps have been
taken by the local authority to ensure it extinction.

4.

Notes on Chest-types. By Dr. G. W. Hambleton.

The observations of another year have completely confirmed the research laid

before the Section at the Manchester meeting. It has been found very easy to

obtain the best type of chest in young people. But anthropologists will be sur-

prised to learn that the type of chest can, with care, be changed in the same
direction in mature age. This the author has seen in the case of a diseased chest in a
gentleman aged 37. Between the ages of 26 and 33 he has frequently obtained
similar results. Here then are facts showing the direct power of the surround-
ings in making types.

5.

Third Report of the Committee for investigating the Prehistoric Race in

the Greek Islands.—See Reports, p. 99.

6.

Fourth Report of the Committee for investigating and publishing reports

on the physical characters^ languages^ and industrial and social con-

dition of the North- Western Tribes of the Dominion of Canada.—See
Reports, p. 233.

MONDAY, SEPTEMBER 10.

The following Papers were read :

—

1. Necklaces in relation to Prehistoric Commerce.
By Miss A. W. Buckland.

The object of this paper is to trace the geogrrphical distribution of various forms
of necklaces and beads, as indicating some sort oi commercial intercourse between
the races among whom they are found either in present use, or among the relics of
the past.

Among the ancient cave-dwellers of Europe, teeth of men and animals, bored

for suspension and intermixed with shells and pieces of bone, were used as necklaces,

and similar necklaces are still worn by savages in almost all parts of the world
; but

in the Andaman Islands necklaces are made of pieces of human bone, and of nones

of animids, not bored, but bound to cords, and wood is eometimes made to imitate

bone. The same singular substitution exists in the Admiralty Islands, where also

human bones are used as neck ornaments. Necklaces formed of discs of white.

purple, and red shell, cut with much care and labour from large sea-^ells, are used
by natives all over America and across the various groups of the Pacific to Japan,

1888. Si
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China, and India, where they are worn by the Nagas. These shell discs, known in

America as Wampum, form the money of the Red Indians, and are also used as

money by the Solomon Islanders. Similar shell discs are found in ancient graves,

not only in America, but in Europe
;
whilst in Africa, ostrich egg-shell discs of the

same size and threaded in the same manner, with pieces of skin substituted for the

dark shell, are made and worn by Bushmen, Niam-Niams, and other wild tribes in

the interior. Similar ostrich egg-shell discs are found in ancient Egyptian and
Etruscan tombs, showing prehistoric intercourse between Etruria and Egypt, or the

interior of Africa. ,

The pendants accompanying these necklaces are almost always teeth or shells

cut iu the form of teeth. The beads used for necklaces and found among ancient

relics are of various substances, such as bone, serpentine, gold, silver, bronze, tin

and glass, and are often made so as to represent several discs or beads joined

together. Beads of this kind are found in the Swiss Lake dwellings, in Spain, in

Britain, in Hiasarlik and JMycenie, and of a later date in Livonia and Abyssinia.

Beads of amber, which formed such an important article of commerce in pre-

historic times, are found among relics of thp Stone Age, and have also been discovered

in tombs belonging to the Bronze Age, in all parts of Europe, in Egypt and India,

several trade routes being known, whereby amber found its way from the Baltic to

the Mediterranean. Of glass beads the most remarkable are those known as adder’s

stones, still use.’ as a charm to cure cattle dise'ases. Beads of this kind of one
particular pattern known as chevron beadshave been found in various parts of Europe,
in Great Britain, in Egypt, in the Pelcw Islands, and also in ancient graves in Canada
and Peru. Similar glass beads are dug up in Ashantee and highly valued, forming
part of the Royal jewels. Beads of the same shape, and from the markings upon
them, probably of the same kind, appear adorning the necks of monarchs on the

sculptured slabs brought by Layard from Assyria.

There is also a melon-shaped bead of various materials, very widely distributed,

being found in ancient graves iu Mexico, as well as in Assyria and all over

Europe.
Many peculiar glass beads are found in Ireland, resembling those of Egypt and

Greece, although perhaps of native manufacture copied from older types, and it may
be fairly said that the history of necklaces is the history of commercial intercourse

both in prehistoric and in modern times.

2. The Definition of a Nation. By J. Park Harrison, M.A.

The frequent misuse of the terras * Nation ’ and ‘ Nationality’ at the present day
appears to be due to the idea that race and language are involved in the definition.

This is not the case, excepting in the primary and archaic sense of the word.
Johnson’s definition is simply ‘ a distinct people : a kingdom,’ but the best definition

is that given in the dictionary of the French Academy, viz .
—

*

The whole popula-
tion born or naturalised in a country, and living under the same Government ’—^irre-

spective of race and language.

3. Sun-myths in Modern Bellas. By J. Theodore Bent.

The personification of the Sun amongst the peasants of modern Greece compares
well with the legends of classical times

;
his beauty, power, and strength endow him

with regal attributes, and he is supposed at night-time to seek his kingdom and
live in a palace where his mother tends upon him. We have also the Sun’s wife
and the Sun’s daughter, and can compare the Macedonian legend of Heliojenni with
the Homeric myths of Perse and her children Circe and Aietes. The Sun, as mes-
senger, may be compared (with the words of the dying Ajax.

The connection between Sun worship and that of the Prophet Elias is very
marked in modern Greece. Elias looks after rain, and is the Greek St. Swithi|i.

Churches to him are alwa3’^s found on sites of ancient temples to Apollo. The
Macedonian ceremony of Perperouna is referred to, and its connection with other
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prayers for rain offered up to St. Elias. In a MS. from Lesbos this idea of union
between St. Elias and a power over the elements is clearly shown. Taygetus in
Laconia shows too the same connection.

There is a connection between Sun worship and St. George
;
the Kapa fires are lit on

his day, and the connection is noticeable not only in the islands, but in Macedonia,
where a curious swing ceremony is performed on"St. George’s Day, in honour ofthe
Sun’sj bride having been swung up to heaven on that day. Also, there is a close
connection between St. George and St. John, the universal day for lighting fires on
the eve of the summer solstice.

4 . The Ancient Inhabitants of the Canary Islands.

By J. Harris Stone, if.A., F.L.8.f F.G.S.

The author stated that the name G>' inches though generally used for the old
inhabitants of all the seven islands of the Canary group, should properly be only
applied to the ancient inhabitants of Tenerifie. The ancient inhabitants of these
islands were ignorant of the use of metals, and up to 1402, when the conquest first

began, had to all practical intents remained apart from the civilisation of that day.
They were a branch of the great Berber race, and probably also a tribe of that
white dolicho-cephalic race of c jmlech builders which at a very early period
swept through Europe. Their connection with the ancient Egyptians was noticeable

in many traits and customs. The ornamentations in cav’es and on pottery which
the author had come across in his travels in each island of the archipelago were
Egyptian in character. The method of embalming the dead, particularly the practice

of removing the entrails by a slit made with the tahona^ and the wrappings of the

corpse, was very similar to that employed by the lower class of Egyptian embalmers.
Though the ancient inhabitants of all the islands had so much in common, there

were so many specific differences in their languages, manners and customs, that the

conclusion was almost forced upon the investigator that they must originally have
been peopled by more than one tribe of the same race.

The author had examined a large number of skulls in collections in the islands,

and found them very European in contour and general appearance. In a large pro-

portion of those in the collections in the islands he had noticed a peculiar indentation

in the frontal bone, usually the left, and to his surprise found that of the twenty-six

skulls at the Royal College of Surgeons, no less than fifteen possessed this mark, and
of these ten on the left frontal bone.

The ancient inhabitants are now quite extinct as a separate race, but the author

in his travels had noticed several traits, manners, and customs of the present in-

habitants which were clearly, in his opinion, derived from the old race. The food

gofio and its method of making and eating; the number of cave dwellings and
villages

;
the still prevalent inter-insular jealousy

;
the size and great physique of

the men of the Purpurarite
;
the confiding, generous, hospitable character of the

Conejeros; the use of the vaulting pole
;
the general absence of bigotry and

religious intolerance
;
the preference to this day of the Gomeros to carry baggage

on the head ;
the abomination of butchers

;
the torchlight fishing

;
the method of

laying-out the dead
;
the wit of the Palmeros

;
the cleverness with which buildings

are constructed with stones without mortar
;
the honesty of the Canaries

;
the un-

usual beauty of the peasant women, were points dlluded to by the author in

illustration of his assertion.

The position of women was considered at some length, the author bringing for-

ward many facts to show that they held a far higher position in the social scale

than was usual among ancient nations.

5 . Some Account of the Ancient (pree-Roman) Strimgholl of Worlebury, near

Weston-sujper-Mare. % Rev. HiBNRr GEo:ift(3E Tomkins.

Worlebury belongs to a small and highly interesting class of so-called ‘ British ’

camps, and in some respects is believed to bo unique in England. It has been

3 I 2
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minutely described and illustrated by Mr. C. W. Dymond, F.S.A., and the author

of this paper, in a work privately printed in 1886, entitled ‘ Worlebury : an Ancient
Stronghold in the County of Somerset,’ &c., 4to, with plana and plates. The
following account will take principal notice of the rarer features.

1. Situation.—On the seaward end of a mountain-limestone ridge running east

and west above the town of Weston-super-Mare, Somerset, W'hich lies south of the

hill. The ridge, precipitous on the north, slopes away to the south, where tnany
British traces—earthworks, interments, &c.—have been found. The whole hill is

about three miles long. •

2. Ajrproaches.—A gradually ascending oblique way on the south side, entering

near the east, and highest, end of the works. An ancient ascent of stone steps

leads up on the north side of the hill above Kewstoke, a mile east of the external

cattle-enclosure of the camp. Thence the approach is level.

3. Defensive Works.—Of very unusual construction. The principal ramparts of
dry limestone masonry, complex in structure. A wall built with heart of dry
rubble

;
then on each side lower walls in contact with the central one, the section

showing steps or terraces
; at the thickest part five or six such walls, forming one

very massive work of solid stonework, without mortar and without tool-marks.

Subordinate works, and dry ditches.

Suggestion of stockades considered. •

Mr. Dymond 8 inquiry into analogous works in Wales.
4. Entrances.—West, south, north-east.

5. Vits^ their formation and contents. Some analogous examples. Pottery>
weapons, %.nd other relics: stores of corn, &c. Skeletons and detached bones.,

llemains of animals used for food.

6. Professor Macalister's report on the skulls.

7. General results of inquiry, and inferences as to the works and the relics.

6 . Celtic Earthworks in Hampshire, in reference to the Density of the Geltve

Population. By T. W. Shore, F.G.S., F.G.8.

The remains of Celtic earthworks in Hampshire, as in some other English
counties, are numerous, as many as forty remaining in a state of preservation more
or less complete, and others formerly existed. They are of various kinds and
shapes, and where they enclose areas and form the so-called camps they are of very
different dimensions. Most of them are hill fortresses, but there are also marsh and
peninsular fortresses, and one example exists of a small former insular refuge. The
present surroundings of these earthworks are of service in assisting to determine
their original uses, for although the woodland features may be changed, the varia-

tions in hill and dale, and the geological conditions connected with the dry
chalk hills, the chalk streams, and the alluvial meadow-land through which they
flow, are the same as in Celtic time.

The camps could scarcely have been permanently inhabited sites, for in Hamp-
shire at least few traces of dwellings, or of articles of domestic use, have been found
within them, from which and otb^r circumstances it appears that these untrenched
areas were strongholds for defence in case of attack. If this is allowed, then these
areas must have had a distiiTct relationship to the number of people required for

their defence and to the population, and their capital or head of cattle, they were
intended to shelter. No Celtic or other village community or aggregation of such
communities would bo likely to construct defensive earthworks larger than their

powers of defence
;
otherwise these works would be a source of weakness. If these

considerations are allowed, some approximately accurate inferences concerning the
relative density, and perhaps cpncerning the absolute density, of the Celtic popula-
tion within reach of the shelter of these camps, may bp drawn from their positions
and the extent of their intrPhchment and areas.

The largest Hampshirei camps are placed where large open areas must hat'd
existed, and the smallest are forest forts at the present day.

Tlie water supply of the hill fortresses would probably be by dew or cloud
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ponds, similar to those which exist in or near them at the present time, and are
sufficient for the daily supply of water even in summer for large flocks of sheep.
Some of these hill camp sites are capped with the Tertiary ddbris known as clay
with flints resting on chalk, so that as many dew-ponds as might be necessary could
be formed.

Walbury, the largest Hampshire earthwork at the north-west corner of the
country, is 660 yards from north to south, and 783 yards from east to west, is

covered with some clay with flints, and overlooks the Kennet Valley, The people
for whom it was a place of refuge must have lived on the northern as well as on the
southern side of it. The naturally great open areas of land near it show that a
large population could have lived within reach of it,* and its great extent shows
that it could have afforded shelter for some thousands of people and cattle. From
these circumstances and the implements of the later stone period found in and near
it, the author thinks that a relatively large population lived round Walbury in
Neolithic time. He thinks this population was considerably larger round Walbury
than round St. Catherine’s Hill, Winchester, because the earthwork at AValbury is

much larger than that on St. Catherine’s Hill.

•There are in the valley of the Test and of its branch, the Micheldever stream,
live earthworks, situated at nearly the same distances apart, all of them of about
the same size, and having near the in areas of open downland and alluvial meadow
land, not very dissimilar in extent. From these circumstances the author of the
paper considers that the populations living within reach of these earthworks were
numerically about the same, and much smaller than the population round Walbury,
which is so mucli greater in area and the extent of its intrenchment.

The peninsular earthwork of Bransbury, at the junction of the Test with the
Micheldever stream, is one of much interest, defended by the marshes and by a
single line of intrenchment from marsh to marsh. The author is of opinion that
Bransbury must have served as a stronghold for a population sufficiently numerous
at least to have been able to defend the line of the earthwork.

The author has met with no evidence in Hampshire of the Anglo-Saxon exter-

mination of their Celtic predecessors, but, on the contrary, that county contains

evidence in support of the opposite view, viz., that a considerable proportion

of the Celts was spared and became blended with the West Saxons. Some
early village communities living within easy reach of hill fortresses of defence

appear to have continued iu a modified condition in early Anglo-Saxon time, that

at Burghclere being one, a place which has undoubtedly derived its name from two
Celtic earthworks on high hills, having remains of communal fields close to them,
and much black earth fiom a former inhabited site in a valley near them. These
earthworks are not far from the ‘ Seven Barro ws ’ of North Hampshire. A valley

which is the only natural- pass between the hills for many miles lies between them,
and Clere was a tall place as late as the time of the Domesday Survey. A rela-

tively large population, sufficient to defend these earthworks, must have lived in

the Clere district, a very ancient clearing in forest land.

The author considers the alodial tax known as Burh-bote in Anglo-Saxon
time to be an intelligible tax when, considered in reference to such a place as

Burghclere. Many such alodial obligations existed in the Isle of Wight as late as

the date of the Domesday Survey, and appear tui.ft /e had as early an origin as the

earliest fortification at Carisbrook, by the common vlefence of which the land in

the Isle of Wight was long afterAvards held. As land gradually ceased to be held

in community and became hold in severalty, the obligations of local defence would
remain as an alodial obligation.

The author considers the measure of the Celtic earthworks to be a measure of

the Celtic populations, and to indicate approximately the density of such popula-

tions around these fortresses.
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TUESDAY^ SEPTEMBER 11.

The following Papers were read :

—

1. The Monument hnown as ‘ King Orry^s Grave ’ compared with Twr\p,ili

in Gloiicestershire. By Miss A. W. Buckland.

The monument known as ‘ King Orry’s*Grave,’ in the Tsle of Man, belongs to

the Chambered Long Barrows, described by Tliurnam, which are found chiefly in

Gloucestershire and Wiltshire, and are always regarded as the earliest of our monu-
ments, being assigned by all antiquaries to the neolithic age.

The points common to all these barrows are the long, somewhat ovate shape of

the covering mound, the rudely arched principal chamber, and of the passage lead-

ing to it, generally pointing east and west, and the square form of the enclosed

chambers. All these are found in * King Orry s Grave,^ which has in addition a
singular form of entrance to the principal chamber, of which only a few instances

are known. This consists of an elliptical opening cut in two large stones, forming

an egg-shaped aperture through which it is possible to creep.

Thurnam supposed that this opening was mafte to facilitate fresh burials from
time to time, but, as in the majorit}' of these long-chambered tumuli, the entrancQ

is through an arch formed of three stones, and in all cases the entrance is carefully

covered up and concealed. Miss Buekland suggests that in the case of these ovate

openings the burials were probably those of priests, and that the elaborately cut

opening symbolised the doctrine of the new birth, of which the egg was, and still is,

typical, and which was taught alike by Indian Brahmins, Egyptian priests, and the

mystical Druids. The only known openings to tumuli similar to that of ‘ King
Orry’s Grave ’ are three in Gloucestershire, at Rodmarton, Avening, and Leighterton,

one in Brittany, and two, the Men-an-Tol, in Cornwall, and that at the Museum
of St. Germains, Paris

;
but in the Men-an-Tol the hole is cut in a single stone.

* King Orry’s Grave ’ has one especial feature—that of a tall monolith, ten feet in

height, rising from the mound
;
whilst in plan it appears to resemble the one at

Mand Lud, Brittany, and one at West Kennet, Wiltshire. But according to the

description of Oswald it had originally a circle at one end and a crescent at the
other, suggestive of sun and moon worship.

In many of the Gloucestershire long barrows cleft skulls have been found, and,
from the account given of a similar skull having been found with a skeleton and
the bones of a dog buried in the ruins of Peel Cathedral, Miss Buekland suggests
that this skeleton may have come originally from one of the chambered tumuli in
the island, of which two at least are mentioned besides ‘ King Orry’s Grave,’ which
is the best known. Thurnam assigns the Gloucestershire tumuli to the Dobuni’,

but it is evident that the same people built these in the Isle of Man, and the ques-
tion arises whether they came originally from Gloucestershire through Wales, or
from Brittany.

2. Observations made in the Anthropometric Laboratory at Manchester.
By George W. PTloxam, M.A., and J. G. Garson, M.D.

Two hundred persons had been examined, of whom 102 were men and 98
women. The average age of the men was 41*7 years, while that of the women
was 32*1 years.

There was a marked difference in both sexes between the power of the two
eyes.

One case only of absoluV^i^ui^*’blindness had been observed, the subject being
a Jew.

. .

The average height of the men was rather more than 68 inches, that of the
women about four inches less. The weight averaged 150 lbs. for the men, and
fiome 26 lbs. less for the women. *
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There was an enormous difference between the chest capacity of the men and
that of the women, which could only be accounted for by the female practice of
wearing corsets.

3. On the Early Races of Western Asia. By Major 0. R. Condeu, R.E.

The students of Aryan and Semitic antiquity have found themselves confronted
for the last forty years in Westein Asia, in Greece, and Italy, by languages and
racial types neither Aryan nor Semitic, and showing races whose civilisation is

earlier. In three cases these languages are found to be Turanian (in the more
limited meaning of the word), viz. Akkadian, Medic, and Etruscan. As regards
these languages the study of Akkadian, as it existed about 3000 n.c., shows a
grammar nearest to that of Turkic languages and even of the Manchu Tartars, and
a vocabulary which has been in great measure recovered, though in part still

doubtful, and which, while comparable with Finnic and Ugrian languages, is yet
nearest to the Turkic. The language of the Medes known from the inscriptions of
Darius, about 600 b.c., has a similar but :aore advanced grammar, and a vocabulary
held by Opport and others to be nearest the Turkic. The Etruscan, of which the
numerals were shown by Dr. Isaac Taylor in 1874 to be Turanian, is also found to

compare in grammar and vocabulory with the Akkadian.
The q’lestion now raised is whether the early population of Asia Minor and

Syria, of which traces are recoverable from various sources, did not belong to the

same stock. In Asia IMinor, Lenorraant believed a Turanian stock to have existed

very early, and in Syria this was the belief of the late Dr. Birch, and has been
urged by Captain Conder from 1883 onwards.

(1) As regards Syria .—The names of towns and persons' are recoverable from
Egyptian monuments and papyri in IGOO and 1340 n.c. In the south these are

mainly Semitic. In the north the country of the Phmnicians and Kheta gives us

200 town names and 20 royal names which are neither Semitic nor Aryan. Com-
paring these words with Akkadian, and with the livingTurkic and Ugrian languages,

the author finds that the translation is suitable. Among the personal words, Tar^

SaVy Lul, Nazi, Essebu and Tarkun are the most distinctive, and among geo-

graphical terms Tami, ‘ building,’ Sii,
* river,’ Te/?, *

hill,’ and others are distinctive

of the Turkic dialects. From these words it is fairly safe to conclude that a
Turanian population inhabited Syria in the earliest historic times akin to the Turks
and Turkomans still found in the same region.

In Northern Syria also certain hieroglyphic inscriptions of a very archaic kind
are found, which, by general consent of archseologists, have been attributed to the

same race
;
and, by the same general consent, the hieratic character derived from

these hieroglyphics is recognisable in the later syllabary generally known as

Cypriote or Asianic. This connection was first discovered by Professor Sayce.

The author has proposed to treat these syllables as representing Turkic words, and
by this means to recover the sounds of the ordinal hieroglyphics of Northern Syria.

He finds that by this method it is possible to read the short bi-lingual known as

the ‘ Boss of Tarkondemos.’ The words Ma and Eu, for ‘ country ’ and ‘ king,’

which he thus recovered in 1887, though questioned by Dr. Sayce as not being

Akkadian, are admitted by other authorities to ^elcpg to that language and are

widely-spread Turanian words.

The evidence of physiognomy, dress, and religious customs among the Kheta,

or Hittites, points to the same conclusion. Their type of face is recognised to be

Tartaric or Mongolian, and their adoration of the sun, moon, mountains, clouds,

rivers, and the sea is similar to the beliefs of other Turanian peoples, as is their

practice of exogamy mentioned in the Bible.

The author further points out that the Kara iPi^tai, or ^ black Khitans,’ of

Eastern Turkestan—an important people in Central Asia as early as the time of

the geographer Ptolemy—possessed a name identical with that of the Kheta.

'Theiif language is similar in many words to Akkadian, their religious beliefs and
warlike customs resembled those of the- Kheta. The pigtails found to be worn by
the latter are also of Tartar origin in China.
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(2) Asia Minor.—^Tlie early ^ barbarian ’ population of Asia Minor is stated by
the ancients to have been akin to the Etruscan race. In various parts of Asia
Minor hieroglyphics like those of the Ilittites are found, and cylinders used as

amulets, not unlike the Akkadian cylinders, occur in this region, which have
similar hieroglyphic emblems. The syllabary above mentioned as Asianic also

exists in these regions, and in the island of Lemnos a text recently discovered

provos to be written in a language and character closely similar to the Etrijscan.

A few words of the Lydian and Oarian languages have also come down to us, and
among these the author has recognised important Turkic words, such, for instance,

as the Carian Taba for a * rock,’ and the Lydian Zailas, ‘ tyrant.’ The ancient

nomenclature of Asia Minor seems to indicate the same connection, as do also the

Carian personal names. As an instance, the river Sangarius may be compared
with the river Sangari in Manchuria, being one out of many coincidences.

The only alternative to the supposition that a Turkic population once spread
over Mesopotamia, Syria, and Asia Minor, is the supposition that these tribes, or
some of them, belonged to tlie Lesghic group in the Caucasus, to which Lenormant
proposed to refer the ancient Vannic popiW ation. The reason why the author has
not accepted this supposition is that the study of this group of languages, though
long since proposed, has not led to any satisfactory result, or enabled any student
to interpret the sounds of the various languages ^f Syria and Asia Minor above
noticed, or thoso of the Syrian hieroglyphics, in the manner in which they can be
interpreted through the use of the Tartar or Ugrian languages.

The author appends a list of 100. Ilittite words recovered from the monuments
and compared with Turanian words, and other short lists of Carian, Lydian,
Phrygian, and Scythian words of the same class.

4. Discoveries in Asia Minor. By J. Theodore Bent.

During a cruise along the south coast ofAsia Minor the author found the sites of

three ancient towns and identifled them by inscriptions. One in Caria, near a curious

little harbour, which apparently was called Kasarea in antiquity, is alluded to

by Ptolemy and Pliny as Kprjo-o-a Xtpijv. Near the mouth of the gulf of Makri,
the ancient Telmessus, we found in a hollow basin, surrounded by moun-
tains, the ruins of a town called Lydae, also incidentally mentioned by Ptolemy,
but hitherto undiscovered. Here amongst other remains we found 33 inscriptions,

many of them of great local interest, introducing us to a doctor, Aristobulus
by name, mentioned by Galen, and to numerous consuls and pro-consuls of Home
who ruled here, and whose names appear in * AVaddington’s Fastes Asiatiques.’. Local
offices and dignitaries, family names and customs are referred to on all these
inscriptions. About five miles from Lydae, inland, we came across other ruins—

a

fortress buried in a thick forest overlooking a lake
;
and from inscriptions we

identified this place as Lissa, but it does not occur in the lists of Lycian towns
given by any ancient or modern geographer. At various other known sites we
found inscriptions which have not been published.

5. Notes on the ^lylcsos, or Shepherd-Kings of Egypt,
By the Rev. Henry George Tomkins.

Some accounts of the sources of information on this subject. Ohaldsea compared
with lower Egypt. Two great streams of migration. Maspero’s view of the
conquest of Egypt. Forerunners of the Hyksos. The hordes distinguished from
their rulers. Mariette’s opinion.

A sketch of the inferences to be derived from:

—

(A.) Proper names of Ae Hj^ksos; (B.j Characteristics of their statuary;

(0.) Their religion. '
. ,

A. 1. Salatis (or Sai'tes), compared with Set-Sbalit as read on a statue.

2. Bnon. 3. Pacbnan. 4. Apophis, on sphinxes of S&n and els4-
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where. Apepi Ra-aa-us, and Apepi Ra-aa-qencn (or -ab-taui).

5. lannas
;

Ra-ian or Khian of the Bubastis fragment. His throne-
name found on the lion of Baghdad. 6. Statin, Set-an, or An-set,
Inferences

:

B. Statuary ascribed to the Hyksds. Sphinxes of San. Statue from the
Fyum. Ludovisi head. Statuette of the Louvre. Head of Apepi,

ft and throne and legs of Ra-ian or Khian at Bubastis. Characteristics

and probable affinity of these works.
0. Sketch of ascertained points with regard to Set or Sutekh, the god of the

Hyksds and Kheta, and the religious war which ended in the ex-
pulsion of the Shepherd-Kings.

Sketch of the struggle between the Theban kings and the Hyksos
;
the death of

Ra-skenen-ta-S.a-qen in battle
;
the conclusive victory of Aahmes and pursuit of the

enemy into Palestine
;
campaigns of successive Pharaohs of the great eighteenth

dynasty, and monumental evidences of Egyptian conquest in Mesopotamia and the

Overlojdsbip of Babylonia, including some account of the lately-discovered cunei-

form t^lets of Tel-el-Amarna.
The retrospective value of these historical and geographical materials in regard

to the Hyksos, their rulers, and what became of them.
The probable relation of these tuings to the narratives of the Old Testament.

6. PelasgianSf Etruscans^ and Iberians ; their relations to the Founders of the

Chaldean and Egyptian Civilisations. By J. S. Stuart Glennie, M.A.

In the author’s paper on * The Archaian (non-Semitic and non-Aryan) White
Races, and their part in the History of Civilisation,’ read at the last Manchester
Meeting of the British Association, an attempt was made to show that the first

civilisations of Chaldea and of Egypt were founded by the action on Dark Races of

White Races, neither Aryan nor Semitic; and that the combined results of a great

variety of recent researches show that such White Races are an important, and
hitherto quite inadequately recognised, element in the ethnology of Asia and of
Polynesia, of Africa, of Europe, and of America. It was affirmed, but only very
partially proved, that not only in Chaldea and in Egypt, but throughout the world,

the civilisations of Semites and of Aryans have been founded on civilisations

initiated by some one of these non-Aryan and non-Semitic, or 2\ rchaian. White
Races. And it is proposed in this paper more fully to prove this proposition with
respect to European civilisation, or, in other words, to point out the relations of the

g
re-Aryan Pelasgians, Etruscans, and Iberians, to the non-Semitic and non-Aryan
tock of White Races to which the founders of the Chaldean and Egyptian civilisa-

tions belonged.

It is assumed that we have now sufficient grounds for definitively identifying

the Pelasgians and Etruscans with the Pelesta (or Pulista) and Tuirsha of the
Egyptian monuments of 1300 n.c., and perhaps also with the Hanebu, or peoples of
the North, of 2600 b.c. And the attempt is made to show that, if the Pelesta and
Tuirsha, and the peoples either directly or indirectly associated with them, cannot
be directly connected with the founders of either the Chaldean or the Egyptian
civilisation, yet they belonged, like the initiators of these civilisations, to the non-
Semitic and non-Aryan stock of White Races, and the Pelesta, perhaps, even to

the Chaldean branch of that stock
;
and that the appearance of these Northern

peoples in the Mediterranean may be connected with that upbreak of the Old
Chaldean Empire, and that beginning of the predominance of the Semites of which
the first evidence is found in the Kingship of Sargon I. 3800 u.c. The facts are

likewise stated which appear to connect the Iberians of Western Europe, from
Spain to Scotland, both with the Libyans, or non-Semitic and non-Aryan White
Races of Northern Africa, and with the similar White I^es of the Caucasus
through the evidences of their former settlements in Asia Minor, and otherwise.

The great aim of this, and of connected papers, is, by proof of ethnological

relations, to confirm and extend those results of later research which connect
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European orig-ins with the civilisations of Western Asia. Hence, the facts having
been pointed out that appear to establish the above-indicated ethnological conclu-

sions, some illustrations will be given of the light that may be thrown on the
mythologies, traditions, and folk-lore, not only of Greece and of Rome, but also of
Western Europe, by thus connecting the Pelasgians, Etruscans, and Iberians

with that stock of non-Semitic and non-Aryan White Races to which belonged the
founders of the Chaldean and Egyptian civilisations. Hitherto resemblances of the
gods, institutions, &c., of different peoples have been ordinarily explained by some
theory of * borrowing/ But the general •result of this paper is to show that the
resemblances attributed to ^borrowing ^ are more truly to be attributed to racial

immixture. And finally it will be pointed out that the general proof of definite

relations between races and civilisations will be an important step towards
establishing the laws of man’s history.



APPENDIX.

A List of Works referring to Britwh Mineral and Thermal Waters.

By W. H, Dai.ton, F.G.S.

[A communication ordered by the General Committee to be j^rinted in extenso

in the Report.]

The following list of some 740 works bearing upon mineral and thermal

springs within the area of t’ e British Isles is an extension of one

compiled by Mr. Whitaker some years since, and placed by him at my
disposal. It included only England and Wales, and I have endeavoured

to render it a complete record of the literature of the subject, but have

been compelled to take many titles at second hand, verification with the

originals being often impracticable. For this reason also the magnitude

of independent wSrks is indicated in but very few instances.

I had purposed adding an index of localities, but that this would be

too incomplete to be really useful is manifest from the consideration that

many titles cover largo areas and do not name places fully described in

the text.

A similar bibliography of the mineral and thermal springs of the

world at large is in preparation, and the manuscript will be at the service

of any scientific body or individual willing to publish the whole or any
geographical section thereof.

Notification of any omissions will be gratefully accepted.

My best thanks are duo to my friends Messrs. G. J. Symons and W. C.

Hazlitt and to my former colleagues, Messrs. W. Whitaker and H. B.

Woodward, for their numerous and valuable additions and emendations.

Abel, F. A. On the Composition of Water obtained from the Coal

Strata, Bradford Moor, Yorkshire, Fliil. Mag. ser. 8, vol. xix,

pp. 330, 881 [1860],

Abel, F. A., and Thos. H. Rowney. On the Mineral Waters of Chelten-

ham. Journ, Chem. Soc. vol.i, pp. 193-212 [1849] ;
Eep. B. Chem.

Coll. 1849, pp. 13-32
;
Ann, Chem. Phai^, bd. Ixix, pp. 246-255

[1849].

Accum, F. Analysis of the lately-discovered Mineral Waters at Chelten-

ham
;
and also of other Medicinal Springs in its Neighbourhood.

Phil. Mag, vol. xxxi, pp. 14-28, 81-93, 208-213
;
vol. xxxii, pp.

57-62 [1808] ;
and separately, 8vo. London^ 1808.

- Analysis of the Chalybeate Spring at Thetford. Phil. Mag. vol. liii,

pp. 359-365 [1819].

A Guide to the Chalybeate Spring of Thetford. Pp. 159. 12mo.

London^ 1819.

Adam, W. Matlock Batb and its Vicinity,
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Addison, W. On the Nature and Properties of the Malvern Water, &c.
Pp. 192. 8vo. London, 1828.

Ainsworth, W. The Scarborough Guide (General Account of Scarborough
Spaw Waters, by Dr. W. Belcombe). Ed. iii, 16mo. York, 1806.
Ed. V, 16ino. Scarborough, 1812.

Alderson, Ralph. Chemical Analysis and Medical Treatise on the Shap
Spaw in Westmoreland. 8vo. Kendal, 1825.

Analysis of Shap Spaw. 8vo. p^endal, 1828.
Alexander, W. Directions for the use of Harrowgate Waters. 8vo.

Edinburgh, 1 773.

Treatise on the various m,odes of Bathing, with Analyses of the
Mineral Springs of Scarborough. 8vo. 1882.

Alexander, Dr. W. H. The Horley Green Mineral Water: its new
chemical analysis and medical uses. 8vo. London, 1840.

On the Mineral Springs of the Parish of Halifax, geologically

considered. Proc. Geol. ^oc, W. Hiding Yorkshire, vol. i, pp.
148-170 [1841].

Allen, B. The Natural History of the ^Cbalybeat and Purging Waters
of England. ... To which are added. Some Observations on
the Bath Waters of Somersetshire. 8vo. London, 1699. New
edition under the title ‘ The Natural History of the Mineral
Waters of Great Britain.’ 8vo. London,, 1711.

Althaus, J. On the Temperature of Mineral Waters. Edinb. Med. Journ.

vol. vii, pp. 637-641 [1862]. •

On Carbonic Acid in Mineral Waters. Lublin Quart. Journ. Med.
Sci. vol. xxxiii, pp. 75-81 [1862].

Ames, Richard. Islington Wells
;

or. The Threepenny Academy. A
Poem. Pp. 12. 4to. London, 1691.

Anderson, Dr. P. Colde Spring of Kinghorne Craig : his admirable and
new-tryed properties so far forth as are yet found true by ex-

perience. 4to. Edinburgh, 1618.
Andree, J. An Account of the Tilbury Water, containing a narrative of

the medicinal qualities of this Spring, &c. 8vo. London, 1737,
1740, 1764, 1781.

Andrews, Dr. Analysis of the Sulphur Well, Ballynahinch Spa. Eroc.

Belfast Nat. Hist. Soc. Session 1874-75, pp. 86, 87 ;
Ghem. News,

vol. xxxii, p. 65 [1875].
Apjohn, »T. The Spas of Lisdoonvama, with a report and analysis

thereon. Pp. 27. 8vo. Dublin, 1856.
Aebuthnot, j. An Historical Account of Peterhead

;
comprehending its

Mineral Wells, &c. 8vo. Aberdeen, 1815.
Arden, Dr. J. Treatise on Ihe Saline Springs at Moira, near Ashby-de-

la-Zouch. 12ra<j. Burton-on~Trent, 1817.
Armstrong, John. Practical Illustrations of the Scarlet Fever. . . .

Efficacy of Sulphureous Waters in various Complaints. 8vo.

London, 1818. Ed. h, 8vo. London, 1818.
Armstrong, W. An Account of Tapping and Closing the Spring of Hot

Water, at Mr. Pinch’s Brewery, Bath. 8vo. Bristol, 1838.
Atkins, J. A Compdhdions Treatise on the Contents. ... of Cold

and Hot Mineral Springs in general, particularly the celebrated

hot waters of Scarborough. 8vo. London, 1737.

Atkins, John. Treatise on the Scarborpugh Waters in the ‘ Scarborough
Miscellany,’ 1832-4.
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Attfield, Prof. J. Analysis of the Bath Water.
Aubry— . Part ofa Letter concerning: a Medicated Spring in Glamorgan-

shire. PM. Prark^. yol. xix (JSTo. 233), p. 727 [1697].
Babinqton, I)r. W. Analysis of the Medicinal Waters at Tunbridge

Wells. 8vo. London^ 1792.
BACCips, Andreas. De Thermis notabilibus. Borne, 1595.
Bailey H. W. A Letter to the Committee of the Thetford Mineral

Spring Company, with the v irs^^ Report, &c. 12mo. Thetford.

Bailey, Dr. Walter. A Discourse of certain Baths or Medicinal Waters
in the County of Warwick, near Newnam Regis. 8vo. London,
1587.

Bainbrtdge, W. H. Remarks on theDroitwich Saline Springs and Baths,
and their Efficacy in curing Disease. Pp. vi, 33. 410. Worcester,

1871.

The Droitwich Salt Springs: their Medicinal Action and Curative
Properties. Pp. 51. 8vo. Worcester and London, 1876, 1881.

Lecture on the progress and success of the Droitwich Brine Baths,
delivered at Worcesti

,
September 12, 1877. Pp. 14. 8vo.

Droitwich, 1877.
Bakewell, R. H. a Visit to Purton Spa, with a short Account of the

extraordinary properties and effects of its Snlphated and Bromo-
iodated Spring. Pp. 22. 8vo. London, 1861.

Barber, H. Holywell Spa, Grange, Lancashire : its history, nature, and
properties. With directions for drinking the water. Pp. 16.

12mo. Ulverstone and London, 1870.

Barchine,— . Treatise on the Waters of Bath.

Barclay,* W. Callirhoe, the Nymph of Aberdeen. 8vo. "Edinburgh,

1615 ; 8vo. Aberdeen, 1670. Reprinted 1799.

Barker, J. Treatise on Cheltenham Water, and its great use in the
present Pestilential Constitution. 8vo. Birmingham, 1786.

Barlow, Dr. E. On the Medicinal Efficacy and Employment of the Bath
Waters. Pp. 200. 8vo. Bath, 1822.

Barnes, A. Essay on the Virtues and Properties of the Shadwell Spa.
8vo. London, 1777.

Barnes, Joseph, and Harry Grimshaw. On a Mineral Water from
Humphery Head, near Grange-over- Sands, North Lancashire.
Broc. Lit. Phil. 8oc. Manch. vol. xvi, pp. 62-66 [1878].

Barnes, J. B. Analysis of a Chalybeate Water in Kensingtop Gardens.
Pharm. Journ, vol. xviii, pp. 406-408 [1859].

Barratt, James. Analysis of the Water of Holywell, North Wales.
Journ. Ghem. Soc. vol. xii, pp. 52-^ [1860].

Barry, Sir E. Observations ... on the V\’'iner of the Ancients . . .

Qualities of Water, and particularly those of Bath. Pp. xii, 479.
Asto. London, 1775.

Hartley, O. Observations on the Properties of the Saline and Chaly-
beate Spas at Melksham. 8vo. Bath, 1813.

Barton, —•. Lectures on the Petrifactions of Lough Neagh.
Batten, E. C. On the Cause of the Heat gf thp Bath Waters. Proc.

Somerset. Archceol. Nat. Hist. Soe. ypl. xxii, pp. 62-60 [1877].
Baylies, W. Remarks on Perry^s Analysis of the Stratford Mineral

Waters, with a short Essay on the same' Waters. 8yo. Stratford-

on-Avon, 1745.

On the Uses and Abases of Bath Waters. 8vo. Londm, 1757.
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Beal, Dr. John. Acconiifc of some Sanative Waters in Herefordshire.
P7l^7. Trans. (Abr.) vol. i, p. 131 [1666].

On Vitriolate Water, &c. Thil. Trans. (Abr.) vol. ii, p. 132 [1666]
Beck— . Leamington and the Neighbourhood. Ed, viii. 12mo. Learning^

ton, 1847.
Bedson, Prof. P. P. On the Composition of Certain Colliery Waters.

Journ. Soc. Cliem. Ind. vol. vi, pp. 712-715 [1887] ; vol. vii,

p. 13 [1888].
Beesley, Thomas. Analysis of .an Aluminous Water. PJiarm. Joum,

vol. ix, pp. 452-454 [1850].
Analyses of Astrop Wells and Sutton Bog Mineral Waters [1850].

Pharm. Journ. vol. x, pp. 293-296 [1851].— The Lias of Fenny Compton, Warwickshire. Proc. WarwichsJi,
Nat. Field Club [for] 1877, pp. 1-22 [1878]. [Analysis of an
Alkaline Spring,]

,

Belcombe, Dr. W. See Ainsworth, W.
Bell, Sir I. L. On the Manufacture of Salt near Middlesborough.

(Brine-pumping.) Proc. Inst. Civt Eng. vol. xc, pp. 131-158, pi. 3
[1887].

Bellon, Peter. The Irish Spaw. 8vo. Dublin, 1684.
Bevis, J. Experimental Enquiry on the Mineral Waters of Bagnigge

Wells, near London. 8vo. London, 1760.
Bissit, J. Guide to Leamington Priors, containing a brief account of

that Celebrated and Fashionable Spa. London (?), 1814, 1816,
Bliss, John. Experiments and Observations on the Medicinal Waters

of Hampstead and Kilburn. Pp. 58. 8vo. London, 1802.
Boate, Gerard. Ireland’s Natural History, being a true and ample

description of . . . its Springs and Fountains, &c. 1652, 1726,
1755.

Bond, Dr. F. T. The Geology of Mineral Springs. Pop. Sci. E&c. vol. iv,

pp. 203-213 [1864].

Bond, Dr. John. On the Copper Springs in Wicklow, in Ireland. Phil.

Trans. (Abr.) vol. x, p. 366 [1751].
Boqth, a. a Treatise on the Natural and Chymical Properties of

Water, and on Various British Mineral Waters. Pp. 196. 8vo.
London, 1830. Pp. xii, 196, 12mo. London, 1838.

Borlase, E. Latham Spaw, in Lancashire, with some remarkable cases,

and cures effected by it ... . 12mo. London, 1670, 1672.
Bostock, R. The probable Source of Holywell Spring. Proc. Liverpool

Geol. Soc. Session 9, pp. 65-71 [1868].
Boyle, R. Short Memoirs ^^for the Natural Experimental History of

Mineral Waters
;
with Directions as to the usual Methods of

^ trying them, and other useful Remarks and curious Experiments.
8vo. London, 1684. Ed. ii, 1685. Latin, 12mo. London, 1686.

Brabheon, Dr. A. B. The Bath Thermal Mineral Waters. Bath.

Bradshaw, B. Dictionary of Bathing Places • • . . Pp. 410. 8Vo.
London, 1888.

A Dictionary of Mineral Waters, Climatic Health Resorts, Sea
Baths, and fiydropathic Establishments. Ed. i [1883]. Ed.
iv, pp. Ixxxiii, 408, 18mo. London, 1888.

Brands, Prof. W. T. Analyses of two Mineral Waters from Springs’iu
Windsor Great Park. Quart. Journ. Sci. vol. xx, p. 264 [1826] :

Phil. Mag. ser. 2, vol. vi, p. 148 [1829].
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Brands, Prof. W. T., and S. Parkes. A Descriptive Account of Mr.
Thompson’s Laboratory at Cheltenham .... With a Chemical
Analysis of the Waters. Journ. Sci. Arts, vol. iii, p. 54-71 [1817].

Braylet, E. W. On the Existence of Salts of Potash in Brine Springs
and in Bock Salt. Phil. Mag. ser. 2, vol. v, p. 411-416 [1829].

Brearey, C. B. Medical Guide to Scarborough. Ed. iv, 1869.
Brewbrton, T. L. a Treatise on the Mineral Waters of Askem, &c.

8vo. Doncaster, 1818. 8vo. London, 1820.

Brown, Edwin. The Geology and fhe Mineral Waters of Burton-npon-
Trent. 8vo. Burton-ujpon-Trent, 1865.

Browne, Dr. Account of the wonderful cures performed by the cold
baths, with advice to the water drinkers at Astrope, Nasborough,
Gttilthwaite near Sheffield, am^ other Spaws. 12mo. 1707.

Brownrigg, Dr. W. Art of making Common Salt, as now practised in

most parts of the world, with some Improvements proposed for

the Art, for the use of the 'British dominions. Syo. London,
1748. •

Buchan, Dr. William. Cautions concerning Cold Bathing and Drinking
Mineral Waters; bein^ an additional Chapter to the 9th edition

of his Domestic Medicine. 8vo. London, 1786.

Buckland, Kev. Prof. W. On the action of Acidulated Water on the
surface of the Chalk near Gravesend. Eejo. Brit. Assoc, for

1839, Trans, of Sections, p. 76.

Bdckman, Jas. Guide to Pittville, with Analyses. 8vo. Cheltenham,
1842.

Buckman, Prof. J. On the Nature and Origin of the Saline Waters of

Cheltenham. Geologist (Moxon^s), 1843, pp. 146-148.

Burgess, Dr. J. Essay on the Waters and Air of Ballyspellan. 1725.

Burr, T. B. History of Tunbridge Wells. 8vo. LondoQi, 1766. [Medi-
cinal Waters, p. 70].

Burton, T. See Wright, W. T.

Byfield, Dr. T. The Artificial Spaw. 8vo. Ijondon, 1684.

A Short and Plain Account of the late-found Balsamick Wells at
,Hoxdon. 12mo. London, 1687.

C Dr. W. W. Hydro-sidereon : or a Treatise of Ferruginous Waters,
especially the Ipswich Spaw. 8vo. London, 1717.

Canton, J. Observations on the Heat of the Bath and Bristol Water.
Phil. Tram. (Aim) vol. xii, p. 420 [1762] and vol. Ivii, p. 208

. [1768].
Carnelly, T. Analysis of one of the Trefriw Mineral Waters. Mem.

Lit. Phil. Soc. Manch. ser. 3, vol. xiv, p. 59 [1874].— Analysis of one of the Trefriw Min^?>.‘c-1 Waters. Mem. Lit. Phil.

Soc. Manch. ser. 3, vol. v, pp. 356-361 [>^676].

Carpenter, W. L. Notes on Water from the Severn Tunnel Springs.

Bep. Brit. Assoc, for 1877, p.*511.

Garrick, A. Dissertation on the Chemical and Medical Properties of the
Bristol Hotwell Water. Pp. 167. 8vo. Bristol, 1797.—- and Dr. Symonds. The Medical Topography of Bristol. Trans.
Prov. Med. and Surg. Assoc, vol. ii [1834]. ‘

Carter, R. On the Mineral Wells at Harrowgate. Proc. Yorhsh. Geol.

Soc. vol. viii, pt. 3, p. 313 [1885].

Cart, G. S. The Balnea : a description of all the popular watering-
places. 12mo. 1799.
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Castro, T. de. On the use and abuse of Mineral Waters in England.
(In Italian.) 8vo. London^ 1756.

Causton, P. Tunbridgialia. Pp. 24. 4to. Ttmbridge Wells, 1705. Pp. 12,

8vo. London, 1709.

Cavendish, Hon. H. Experiments on Rathbono Place Water. Fhil.

Trans, vol. Ivii, p. 92 [1768].

Cayley, Dr. Q-. Synoptical Tables shewing the Component Parts'xjf the
Principal Mineral Waters. §vo. Bipon, 1809.

Chambers, J. A General History of Malvern, with the more important
details of chemical, mineralogical, and statistical information.

8VO. Worcester, 1817.

Chapman, H. Thermae redivivae : the City of Bath described, with some
observations on those sovereign Waters, both as to the bathing in

them, and drinking of them, now so much in use. Pp. 23. 4to.

London, 1673.

Charleton, Dr. Rice. A Treatise on Bath ^Waters, wherein are dis-

covered the several Principles of which they &re composed, the
Causes of their Heat, and the Manner of their Production. 8vo.
Bath, 1754. 8vo. London, 1755.

Three Tracts on Bath Water. Tract I. A Chymical Analysis of

Bath Water. II. An Inquiry into the Efficacy of Bath Water in

Palsies. HI. History of Hospital Cases. 8vo. London, 1775.
8VO. Bath, 1774.

Cheyne, Dr. George. Observations concerning the Nature and True
Method of Treating the Gout. Together with an account of the

Nature and Qualities of the Bath Waters, the manner of using
them and the diseases in which they are proper. 8vo. London,
1720. Ed. iv, 1722 : Ed. v, 1723: Ed. vii, 1728 : n. ed. pp. 140.

8vo. Dublin, 1754.

Christison, Prof. On the Sulphur Springs of Scotland.

Church, A. H. On the Arsenical Mineral Water of Whitbeck, Cum-
berland. Amer. Journ. Dental Set. vol. x, pp. 681-583
[I860].

Ferrous Chloride in a Mineral Water [Harrogate]. Geol, Mag.
vol. iii, p. 285 [1866].

Clanny, Dr. W. R. A History and Analysis of the Mineral Waters at

Butterby, near Durham. 12mo. Durham, 1807. 12mo. London,
1807.

Observations on the Mineral Waters of Gilsland. 8vo. Sundedand,
1816.

Claromont, C. De Acre, Locis et Aquis Terrae Angliae • . . Pp. 44,

180. 12mo. London*1072.
Clifford’s Descriptive «Guide of Tunbridge Wells. Ed. iii, pp. x, 180.

12mo. Tunbridge Wells, 182^. Ed. (?) 1834.

Connell, Arthur. Analysis of a Powerful Chalybeate Water from
Vicar’s Bridge, near Dollar, in Clackmannanshire. Edinb. New
Phil. Joum. vol. x, pp. 284t-291 [1831].

Conybbarb, Rev. W. D., and W. Phillips. Outlines of the Geology of

England andWales. 8v6. London, 1822.

Cooper, J. T. On an Aluminous Chalybeate Spring on the Coast of

Sussex [between Newhaven and Rottingdeau]. Ann. Phil, vol,

xiv. pp. 148, 149 [1819].

CORP, Dr. William. An Essay on the Jaundice, in which the propriety
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affections of the Liver, is considered. 8vo. Bath, 1785. Ed. ii

8VO. Bathy 1787.
’

CouTTS, T. See Wood, E. T.

Crane, J. Account of the Nature, Properties, and Uses of the Mineral
Waters at Nottington, near Weymouth, Dorset. 8vo. Dorchester
1780. Pp. 44. 12mo. Londoriy 1798.

^

CRiCifTT, R. E. Thermal Springs at Bath and elsewhere. Proc. Bath
Nat. Hist. Gluby vol. i, pp. 85-107

;
Qeol. Mag. vol. iv, pp. 174,

175 [1867].
CuBiTT, — . Mineral Waters of Ashby-de-la-Zouch and Moira. Ashhy-de-

la-Zouch, 1826. Pp. 90. 12mo. Londoriy 1826.
Cuff, C. On the Presence of Iodine, Potash, and Magnesia in the Bath

Waters. Phil. Mag. ser. 2, a' d. vii, pp. 9, 10 [1830].
CuFFE, R. The Woodhall or Iodine Spa, Lincolnshire. Pp. 26. 8vo.

London^ 1867. Ed. iii. pp. 27 8vo. Londoriy 1868.
Curley, T. On the Geology of the Llandrindod

;
its Mineral Springs

;

and Conglomerate Boulders. Trans. Woolhope Nat. Field Club
for 1867, p. 28 [1868].

Dalton, W. H. Mineral and other Waters. Pp. 158, 159 of Geology
of the South-west part of Lincolnshire . . . Geological Survey
MemoiTy 8vo. Londoriy 1885.

Danson, J. Analysis of the Leasowe Water. Proc. Hist. Soc. Lane.
Chesh. sess. ii. p. 260 [1850].

Daubeny, Dr. C. Memoir on the occurrence of Iodine and Bromine in

certain Mineral Waters of South Britain. Phil. Trans, vol. exxi,

pp. 223-238 [1830].
Remarks on Thermal Springs, and their Connexion with Volcanoes.

Edinb. New Phil. Journ. vol. xii, pp. 49-78 [1831] ; Ann. Chem.
Pharm. bd. iii, pp. 179-201 [1832].

On the Quantity and Quality of the Gases disengaged from the
Thermal Spring which supplies the King’s Bath in the City of
Bath. Phil. Trans, vol. cxxiv, pp. 1-14

;
Trans. Boy. Soc. vol.

iii, pp. 258, 259 [1834].

On Dr. lire’s Paper in the Phil. Trans, on the Moira Brine Spring,
... Phil. Mag. ser. 3, vol. vi, p. 321 [1835].

Report on the Present State of our Knowledge with respect to
Mineral and Thermal Waters. Bep. Brit. Assoc, for 1836, pp.
1-95 : VlnstitutyH. vi, pp. 219, 220, 235, 236, 271, 272 [1838]

;

vii, pp. 4-8, 14-16, 36-40, 46-48, 55, 56, 62-64, 91, 92 [1839].
Letter on a Saline Spring near Oxford. Trans. Qeol. Soc. ser. 2,

vol. V, p. 263 [1837].

Analysis of the Mineral Spring lately discovered near Oxford
[1835]. Proc. Geol. Soc. vol. ii, p. 204 [r838].

[Analysis of a Mineral Spring at Tenbury in Worcestershire].
Proc. Ashmol. Soc. no. xviii, -pp. 16, 17 [1841].

On the Thermal Waters of Bath. Qeol. Mag. vol. i, pp. 230, 231

[1864] ;
B^. Brit. Assoc, for 1864, Sections

y

p. 27 [1865].
—— Reflexions ohimico-geologiques sur lea Eaux Minerales et leur origine,

suggerees par la lecture de deux onvrages^, celui de M. Scudamore,
sur les Eaux de Buxton, Matlock, ... et celui de M. le Dr. G.
Bischof, sur les Sources Yolcaniques, . . . Joum. QSol. t. ii,

pp. 113-136 [1830].
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Davidson, S. History a^d Properties of Wingate Spavir. 12mo. London,
1792.

Davies, H. Strangers* Guide through Cheltenham, with an account of the

Mineral Waters. 8vo. 1824.

Cheltenham. An account of its Mineral Waters. 12mo. Ohelten^

ham, 1834.

A View of Cheltenham, in its Past and Present State. Lgndon,
Ed. iv of the ‘ Stranger’s Guide through Cheltenham.

Davis, C. E. Mineral Baths of Batlx 1883.

• The Baths, Ancientand Modern. Pp. 147-162 ofHandbook to Bath
(Brit. A^soc.). 8VO. Bath, 1888.

Davis, R. H. Note on the existence of Lithium, Barium, and Strontium
in the Medicinal Springs of Harrogate. Ghem. News, vol. xiii, pp.
302, 303 [18G6].

The Imperial Saline Ferruginous Well at Harrogate, its History and
Analyses. Pharm. Journ. SQr. 2, vol. vii, pp. 458-463 [1866].

Monthly Analytical Examinations of the Harrowgate Spas, 1872.
Journ. Chern. Soc. vol. xxvi, pp. 1089-1092 [1873].

The A'lcient Alum Well at Harrogate. Journ. Ghem. 8oc. vol.

xxxix, pp. 19, 20 [1881].
The Mineral Wealth of Harrogate. Proc. Yorhsh. Geol. 8oc.

vol. viii, pt. 3, p. 357 [1885].
Davy, John. Observations on the Temperature of Springs, Mines and

Wells in Cornwall. Edinh. Journ. Sci. vol. iii, pp. 75, 76
[1825].

Deane, Dr. E. Spadacrcne Anglica, or the English Spaw Fountaine,
being a briofo treatise of the acid or tart Fountaine in the Forest
of Knaresborow. 4to. London}, 1626 ;

with additions by John
Taylor, pp. 45. 4to. Yorh, 1649 ; 12mo. Yorh, 1654. Reprinted,
with additional observations, by M. Stanhope and others,

under the title * Spadacrene Anglica
;

or. The English Spaw.
Being an account of the Situation, Nature, . . . and admirable
Cures performed by the Waters of Harrogate, and Parts adjacent.

8vo. Leeds, 1736.

De la Beche, Sir H. T. Report on the Geology of Cornwall . . . Geo-
logical Survey Memoir. 8vo. London, 1839. (Mineral Springs

pp. 517, 518.)

Denman, J. Observations on the Effects of Buxton Water- Pp- 164
[1783]. Pp. 144. 8vo. Londmi, 1792. *Ed. iii, 1793.

De Range, C. E. On the Occurrence of Brine in the Coal Measures, with
some remarks on Filtration. Trans. Manchester Geol. Soc. vol.

xviii, pt. iii. pp. 61-8J [1884]. Discussion, pt. vi, pp. 140-148
[1885].

and others. Rep8rts of the Committee for investigating the
Circulation of the Underground Waters ... of England. Bep.
Brit. Assoc. 1875-1888 [14 Reports].

Deeham, S. Hydrologia Philosophica
;

or an Account of Ilmington
Waters in Warwickshire. . . . 8vo. Oxford, 1685.

Deeham, W. The Pl^osophical Experiments and Observations of the
late eminent Dr.. Robert Hooke and other eminent Virtuosi in

bis Time. 8vo. London, 1726.

Desmoulins, Dr. S. Letter concerning a Mineral Water at Canterbury.
Phil. Trans, vol. xxv, p. 2462, and (Abr.) vol. v, p. 375 [1708J.
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Dewar, J. Note on a Scotch Acidulous Chalybeate Mineral Water at
Melrose. Ohem, News^ vol. xxiv, p. 171 [1871]; Proc. B. Soc.
Edinh. vol. vii, pp, 470, 471 ; Pharm. Journ. ser. 2, vol. ii, p. 727
[1872].

Dibdin, Dr. T. F. The History of Cheltenham and its Environs, includ-
ing an enquiry into the Nature and Properties of the Mineral

® Waters. 8vo. Gkeltenhamy 1803.
’ Dick, Thos. L. An Account of the Aluminous Chalybeate Spring which

has lately appeared on the property of Sir Andrew Lauder Dick,
Bart., at Fountain Hall, in East Lothian., A7iu. Phil, vol/ viii,

pp. 3-13, 341-349 [1816] ;
xii, pp. 91-101 [1818].

Dodgson, Dr. T. Practical Observations upon the History, Contents,
tmd Medicinal Properties of Tlkley Fountain. 8vo. ^kiptoriy 1830.

Dunlop, D. The Philosophy of the Bath . . . 8vo. n.d.

Edwards, C. T. Observations on the Medicinal Properties of the Bladud
Spa Water. 8vo. Path and‘London, 1837.

Edwards, G. F. A Comparative View of the Analysis of the Cheltenham
and l^elksham Waters. 8vo. PniA, 1813.

Elliot, Dr. John. An Account of the Nature and Medicinal Virtues of

the Principal Mineral Waters in Great Britain and Ireland, and
those most in repute on the Continent, &c. 8vo. London, 1781.
Ed. ii, 12mo. London, 1789.

Ellis, R. A Medical Guide to the Principal Health Resorts of Northern
England, with new chapters on Whitby . . . Harrogate, &c.
Pp. 160. 12mo.

Evans, Dr. An Account of Sutton Spa, near Shrewsbury. Phil. Mag.
vol. xxii, pp. 61-^68 [1805],

Etrb, H. a Brief Account of the Holt Waters, <fcc. [Wiltshire]. 12mo.
London, 1731. 8vo.

Fairbrother, J. E. Shepton Mallet: Notes on its History . . . and
Natural Waters. 8vo. 1838.

Fairfax, — Leamington Guide. 8vo. Ijeaminyto'n, 1838.

Fairley, T. Analysis of Water taken from the ‘ Old Crescent Well,'

Harrogate, November 1 4, 1873. Glmn. News, vol. xxx. No. 774,

p. 151 [1874]
Analyses of the Water and Gas from Blowing Wells, near North-

allerton. Bep. Brit. Assoc, for 1881, pp. 601, 602 [1882].
Falconer, Dr. R. W. The Bath Mineral Waters in cases of Rheumatism,

Sciatica, Gout, &c. Ed. iii, pp. 50. 8vo. London, 1860; Ed.
iv, pp. 54. 8vo. 1867.

The Baths and Mineral Waters of Bath [ with a List of Authors].

1857. Ed.iii, 12mo. Loridon, Ed. iv, 1867. Ed. vii, 1881.

Account of the Bath General, or MiheraLWater Hospital. Bath,

1864.

Falconer, Dr. William. An Essay on the Bath Waters
;
in four parts.

With a Prefatory Introduction to the study, of Mineral Waters
in general. 12mo. London, 1770. Ed. ii, 2 vols. 8vo. 1772,

1775; Alt. ed. 8vo. Bath, 1790, 1798; Ed. iii. Bath, 1807.

Account of the qualities of the Mineral WftfAjr at Middle Hill, near

Box, Wiltshire. 8vo. London, 1786.

—B— Efficacy of the Bath Waters in various kinds of Paralytic Disorders.

8vo. Bath, 1787.
—

—

Success of Bath Waters in Rheumatic cases. 8vq. Bath, 1795.

'
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Falconer, Dr. William. A Practical Dissertation on the Medicinal

effects of the Bath Waters. 8vo. London, 1790; Ed. ii, Bath,

1798 ;
Ed. hi, 8vo. Bath, 1807.

On the use of Bath Waters in Ischias, or the Disease of Hip Joint.

Mem. Med. vol. vi, p. 174 [1805].

A Dissertation on Ischias . . . and on the Use of Bath Waters as a
remedy in this complaint. 8vo. London, 1805. •

Faraday, Michael. Note on the Existence of a Nitrate and a Salt of

Potash in Cheltenham Water. Quart. Journ. 8ci. vol. xvii, pp.

178, 179: Aim. Phil. ser. 2, vol. vii, p. 393 [1824].
Farmer, R. Analysis of the Carbonated Chalybeate near Stow (in-the-

Wold). 8vo. JSvesham, 1808 ;
8vo. London^ 1809.

Fausse i’, W. Mineral Springs of Lisdoonvarna, County Clare. Pp. 20.

8vo. Dublin, 1867.

Ferrar, J. History of Limerick from the earliest Records to 1787, with

the Charter and an Essajr on Castle Connell Spa . . . 8vo.

Limerick, 1787.

Fisher, Rev. C. On Supposed Thermal Springs in Cambridgeshire.

Geol. Mag. vol. viii, p. 42 [1871].
Flinn, Dr. E. Ireland : its Health Resorts and Watering Places. London,

1888.

Floyer, Dr. Experimental Inquiry into the Nature and Quality of Bath
Water. London, 1788.

Floyer, Sir J. An Inquiry into the Right Use of the Hot, Cold, and
Temperate Baths in England. 8vo. London, 1697 ;

Ed. ii,

* Ancient Psychrolusy revived ’
, 1702 ;

Ed. iii, History of Hot
and Cold Bathing, Ancient and Modem

;
with an Appendix bv

Dr. E. Baynard. 8vo. London, 1702, 1706, 1709, 1715, 1722
(styled Eds. i—v) ;

Latin, 8vo. Leyden, 1699 ;
German, 8vo.

Breslau, 1729.— Inquisitio Balnearum Angliae. Impr. in ‘ N. Vallerii Tentamina
physico-chemica circa Aqnas thermales Aquisgranenses.’ 8vo.

Leyden, 1699.

Forrest, W. H. Report on the Airthrey Mineral Springs, and list of

Phaenogamous Plants growing in their Vicinity. 8vo. Stirling,

1831.

Forsyth, J. S. The Natural and Medical Dieteticon . . . Pp. xxiv, 360.

12mo. London, 1824.

Fosbroke, j. Contributions towards the Medical History of the Waters,
and Medical Topography of Cheltenham. l2mo. 1807. (Re-
printed, with additions, in the following.)

Fosbroke, Resr. T. D. Piclfcuresque and Topographical Account of

Cheltenham and its Vicinity, including the Medical History of

the Waters by J. Fosbroke. 8vo. Cheltenham, 1826.

Fotherqill, a. On the Nature and Qualities of Cheltenham Waters.
8vo. Bath, 1785; 8vo. Bath, 1788.

Fox, Robert Were. Ueberdie mit der Tiefe zunehmende Temperatur
der Gmbenwasser in Cornwall. Ann. Phys. Ohem. bd. xxi, pp.
171, 172 [1831].;-

Some Remarks on the High Temperature in the United Mines.

B>ep. Polytechn. Soc. Cornwall, 1 846, pp. 1-3
;
Bdinh. New Phil.

Journ. vol. xlii, pp. 23-25
;

xliii, pp. 99-102 [1847].
Francis, Capt. W. On the High Temperature of the Water at the
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United Mines. 14 Ann. Rep. ’R. Oornwall Polytechn. 8oc. pp.
4-8 [1846] : *Bdinh. N. Phil. Journ. vol. xliii, pp. 102-106

[1847J.
Frankland, Dr. E. and J. C. Morton. Fifth Report on the Pollution of

Rivers. Pollution arising from Mining Operations and Metal
Manufactures. 2 vols. fo. London, 1875.

1 BANZ, J. 0. A. Treatise on Mineral Waters, with reference to the Royal
German Spa, Brighton. Pp. 148. 12mo. London, 1842.

Fraser, Alex. Northern Folk-lore on Wells and Water, with an
Account of some Interesting Wells in the neighbourhood of

Inverness. Pp. 36. 8vo. Inverness, 1878.
Freeman, H. W. The Thermal Baths of Bath. 8vo. Lo^idon, 1888.
French, Dr. John. The York-sLire Spaw

;
or a Treatise of four

famous Medicinal Wells, viz. The Spaw, or Vitriolic Well; the
Stinking, or Sulphur Well the Dropping, or Petrifying Well

;

and St. Magnus’ Well, near Knaresborough, in Yorkshire.
Together with the Causes, Virtues, and Use thereof. 12mo.
London, 1652, 1654. Ed. ii, York, 1654. Reprinted under the
title ‘ A Pocket Companion for Harrowgate Spaw.’ 8vo. Halu
fax, 1760.

Gairdneb, Dr. M. Essay on the Natural History, Origin, Composition,
and Medical Effects of Mineral and Thermal Springs. 8vo.

Edinburgh, 1832.
Galloway, R. See Merck, G.
Garnett, Dr. Thomas. Experiments and Observations on Horley Green

Spaw, near Halifax
;
.to which is added a short Account of two

other Mineral Waters in Yorkshire. 8vo. Bradford, \7i^0
',
8vo.

London, 1791.
Experiments and Observations on the Orescent Water of Harrow-

gate. 8VO. Leeds, 1791.

A Treatise on the Mineral Waters of Harrowgate
;
containing the

History of these Watoi’s, their Chemical Analysis, Medicinal Pro-
perties, and plain Directions for their Use. 8vo. London, 1792.
Ed. ii, 8vo. Leeds, 1794, 1804. Ed. v. [1810]. Ed. vii, pp. 224.

Knaresborough, 1822. Ed. viii [1829].
Observations on a Tour through the Highlands, ... a Description

of Moffat, and an Analysis of its Mineral Waters. 2 vols. 4to.

London, 1800. Ed. ii, 1811.

Geikie, Dr. A. Notice of a Saline Water from the Volcanic Rocks of

Linlithgow. Proc. R. Soc. Edinb. vol. ix, no. 98, pp. 367-371
[1877].

George, E. S. Analysis of a Sulphurettea Water from the Northern
Part of the Yorkshire Coalfield. Phil. 'Mag. ser. 2, vol. i, pp. 246-

248 [1827].

Gibbbs, Dr. G. S. A Chemical Examination of the Bath Waters.

Journ. Nat. Phil. Ohmm'. Arts, vol. iii, pp. 359-363, 403-406

[1799] ; pp. 452-454 [1800].—r— The Bath Waters. Bath and Bristol Maq. vol. i, pp. 300, 408
[1832].

^

Historical .... Description of Bath, with Observations on the

Medicinal Waters. 8vo. Bath, n. d.—- A Treatise on the Bath Waters. 8vo. London, 1800. Ed. ii, 8vo.

London, 1803. Ed, ? 1812.



870 iiEPOiiT

—

1888 .

Gibbes, Dr. G. S. A Second Treatise on Bath Waters. 8vo. London,
1803. *

^

Letter showing that the Bath Waters contain a much greater

Portion of Iron than has hitherto been supposed. Joum, Nat.
Phil. Chem. Arts, ser. 2, vol. xiv, pp. 323, 324 [1806] ;

Ann. Phys.
bd. xlii, pp. 347, 348 [1812].

Gibnet, W. iSIedical Guide to the Cheltenham Waters, with observa-

tions on their nature and properties. . . . Pp. 16,2. 18mo.
London, 1822. Ed. ii, Cheltenham, n. d.

GifiBERT, S. Fons Sanitatis
;
or the healing Spring at Willowbridge, in

Staffordshire, found out by Lady Jane Gerard, Baroness of

Bromley, published for the common good by Samuel Gilbert,

Chaplain to her Honour, and Rector of Quatf. 12mo. London,
1676.

Gladstone, Dr. J. H. On the Salts actually present in the Cheltenham
and other Mineral Waters. * JBep. Brit. Assoc, for 1856, Sections,

p. 51 [1857].
GlANVIL, J. Observations concerning thei Bath Springs. Phil. Trans.

vol. iv. (no. 49), p. 977 [1669], and (Abr.) vol. i, p. 361.

Glover, Dr. R. M. On Mineral Waters, their Physical and Medicinal
Properties

;
with descriptions of the different Mineral Waters of

Great Britain and the Continent, and directions for their

administration. 8vo. Edinburgh, 1857. Pp. 375. 8vo. London,

1857.
^

•

Godbid, W. Mineral Spring, Shooter’s Hill. London, 1617.
Goding. History of Cheltenham from the Earliest Period to the Present

Time. 12mo.
Goodwin, Thomas. An Account of the Neutral Saline Waters recently

discovered at Hampstead ; with Chemical Experiments on their

. component parts
;
Observations on their Medicinal Application

and Effects in certain Diseases
;
and on the different modes of

Bathing, as an ! Auxiliary to the drinking of Mineral Waters.
12mo. London, 1804.

Gough, J. Observations on the Ebbing and Flowing Well, at Giggles-

wick, in the West Riding of Yorkshire, with a theory of Recipro-
cating Fountains. Mem. Lit. Phil. Soc. Manch. ser. 2, vol. ii,

pp. 354-383 ; Journ. Nat. Phil. Chem. Arts, ser. 2, vol. zxxv,

pp. 178-193 [1813].
Graham, J. The True Nature and Uses of the Bath Waters. 8vo. Bath,

1789.

Graham, Thos. Analysis of tlte water of three wells at Greenwich and
Deptford. Trans. Inst. Civ. Eng. vol. v, pp. 203, 204 [1846].

Graham, Th., and W. B.TjOrrain. Chemical and Medical Examination
of the Rothsay Sulphuretted Water. Glasgow Med. Journ. vol. iv,

pp. 246-248 [1831].

Granville, Dr. A. B. The Spas of England and Sea Bathing Places.

... 3 vols. 8vo. London, 1841.
Graves, Dr. Robert. Experimental Enquiry into the Constitutional

Principles of }the Sulphurous Water at Nottingham, near Wey-
mouth, with Observations relative to its application in the Cure

,
of Diseases. 8vo. Xowdow, 1792. 8vo. Sherborne, 1792.

(Ireevbs, A. F. A. Account of the Medical Water of Ilkeston, in the
County of Derby, with cases. 8vo. Nottingham, 1833,
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Grew, N, Tractatus de Sails cathartic! amaro in Aqais Ebeshamensibus
et hujusmodi aliis content! natnra et usu. 12mo. Loruion, 1695.
English transl. by Dr. J. Bridges (with animadversions on a late

corrupt transl. by Francis Moult, chymist). 12mo. London, 1697.
GiCifpiths, — . New Historical Description of Cheltenham and its Vici-

V nity. 2 vols. 8vo. Oheltenham., 1826.
History of Cheltenham and its Vicinity. 4to. [1838].

Grimshaw, H., and 0. Grimshaw. ' On the Water of Thirlmere. Ghem.
News, vol. xxxviii, pp. 216, 217 [1878].

See Barnes, J.

Grisbnthwaite, John. Reffley Spring : an Epistle in Verse. 8vo. Lynn,
1804.

Gtjidott, T. a Querie concerning Drinking Bath Waters resolved by
Eugenius Philander. Lofidon, 1673.

Observations lately made at Ba h.i, 4to. London, 1074.
Discourse of Bath and the Hot Waters there, and on the St, Vin-

cent Rock, near Bristol. 8vo. London, 1676.
De Balneis Bathoniensibas. 1676.

De Thermia Britannicis Tractatus : accedunt Observationes Hydro-
staticre Chroma^icm et Miscellanem unius cujuscumque Balnei
apud Bathonium naturam, proprietatem ct distinctiohem curatius

exhibentes. 4to. London, 1681. Ed. ii, 4to. London, 1691.
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Westmoreland, Bishop-prick Cx J>urham, Lancashire, Cheshire,
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An Essay on the Nerves, . . . with Observations on Mineral
Waters . . . 8vo. London, 1794.
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Thomas, J. W. On the Water of TafE’s Well [near Cardiff]. Trans.

Cardiff Nat. Soc. vol. ix, pp. 48-62 [1878].
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similar Springs in the United, Balleswidden, Botallack, and
Crown Mines. Bep. Miners' Assoc. Cornw. Dev. 1872-3, pp. 53-
56 l1873].

Todd, H. An Account of a Salt Spring, and another Medicinal Spring,
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A. Report.

The amount of material at present in the hands of the Committee
does not yet warrant the preparation of a formal report with definite

recommendations. The southern, eastern, and sonth-eastern coasts have
been fairly well described in previous reports, and these districts are

further illustrated in the old reports now printed. Information, however,
is still wanted for the western shores of England. It is expected that

this want will be supplied during the coming year, and that a final report

may then be drawn up.

As the history of coast-changes can only be read by the light of

definite information as tb the conditions known to have existed at special

periods, it is very desirable that the Committee should possess as much
of such information as. possible. Some important official documents
are here printed, but there must be many such in the possession of

public departments, harbour commissioners, local authorities, and private

landowners. The Committee would be very grateful for copies of these,

and indeed for any information bearing upon the subject.^

1 Communications for the Committee can be sent to the officers of the British

Association, 22 Albemarle Street j or to the Secretary of the Committee, W. ToQ^ey,
28 Jermyn Street, London.
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B. Memorandum.
By B. B. Grantham, M.Inst.C.£., F.G.S., Chairman of the Committee.

The British Association Committee have received several reports from
a Committee appointed by them upon the effects and power of the sea to
erode or otherwise to destroy, or to accumulate land on the coasts of this
islan4.

The Committee have published upwards of forty reports from those
who, as engineers, geologists, officers of the Army and Navy, &c., have
had special opportunities of observing the changes which are perpetually
taking place on the sea-shores.

The inquiries which have, up to the present, been made will be con-
tinued upon the south and east coast, and will be extended to the west
coasts. They are made by means of printed forms, which the Committee
have issued in order to secure uniformity for investigating every change
caused by the action of the sea.

The inferences to be drawn from such reports are important, as bearing
upon the vexed questions of boundaries of land upon sea-coasts between
those vested in the Crown, in lords of manors, and in owners of land

; as
to the accumulations of shingle and sand-banks, and the frequent shift-

ing of the latter
; and also as to the land on the sea-shores where slips

occur and entirely change the positions of the frontages, and in many
oases totally obliterate them.

Such an inquiry as this by the British Association will, when com-
pleted, afford information by which positions on the coasts may be selected

for.small harbours and fishing ports.

The reports will point out to what extent the removal of shingle

has caused, and continues to cause, the constant erosion of the sea-

frontages from the land, and will thus indicate the advantage or dis-

advantage of constructive works.
Mr. Hans Hamilton*s interesting and valusJble paper, reported in vol.

zviii., part 6, of the * Transactions of the Surveyors’ Institution,’ enters

very fully into the state of the law and the history of the cases, quoting
the opinions affecting foreshores, and opinions which have been given in

the Courts on the rights and privileges both of the law and the practice

of the numerous questions which have been dealt with. A discussion

took place upon the paper, in which several members of the Bar
joined and gave valuable information as to the powers of the Crown and
reputed owners. Others took part in the discussion who had been prac-

tically engaged in local investigations in various parts of the kingdom on
this subject.

The information in this paper, and discussion upon it, together

with the investigations of the Erosion ^chiinit*.pe, will, it is hoped, here-

after form a valuable source from which those . engaged in harbour and
coast protection may derive much assistance.

I have been induced to prepare this Memorandum in order to point

put what should be done by means of the Coast-Erosion Committee
under sanction and instigation of the British Association, and the course

which might be pursued to form a system of protection to the coast all

round the country.
It appears most desirable that advantage shpuld be taken of the results

obtained by this Committee, and that attention should be paid to such
cases of.erosion of the sea-coasts as have been reported on.

3 1C 2
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The papers hitherto prepared are very valuable
;
but they are uncon-

nected, and do not give the means of enabling us to promote a system
of protection on all parts of our coasts. It seems essential that the infor-

mation, to be practically useful, should point out how a connected line of

proceeding and operation could be fornied to prevent the wearing away
of land and the utilisation of the coasts by the formation of harbours of
refuge for all kinds of protection of commerce, and local communication
for trade and agriculture as well as for navy purposes, and for works
for promoting intercourse for remote districts.

Two debates took place in the House of Commons in 1887 upon the
question as to the means by which works adapted to this object might
be carried out, and under the sanction and direction of the Government.

In the course of the discussion reference was made to a system by which
the works should bo carried out and conducted. It was stated also in the
course of the discussions that it was not intended to cast any censure
upon the Public Loan Commissioners, but it was intended to point out
and indicate that in the opinion of the House J;he Hftrbour Depart-
ment of the Board of Trade was as well qualified to deal with such
questions, and to give a technical opinion df requirements and necessities

of certain localities for harbours and public works, for the purposes of
trade and other necessities, and for the security and wants of all classes.

Although the foregoing suggestions and remarks refer mainly to
harbours, it seems desirable that the question should include large
harbours, and shelters and defence works as well. Much benefit would
result from the accommodation and protection of the fishing interests as
well as from other facilities for trade if properly assisted and promoted.

C. notes on the Coast-line from Penarth to Porth Oawl, in
Glamorganshire.

By Hobace B. Woodward, F.G.S., 1887.

At Penarth headland the cliffs are composed of the following strata :

—

Lower Lias—Marls, limestones, and shales
Rh-®tic Beds

—

Grey marls
Black shales

Grey marls
Keuper—Red marls.

ft.

. (about) 100
. 15

. . . 20
. (about) 60

in.

0
0
0
0

The cliffs are nearly ve^^ical and attain a height of 200 feet, the church a little

way inland being 234 feet.

The mass of the cliffs is formed of crumbling marl, so that there is a constant
falling of material, though on so small a scale that no great difference has been
made in the course of the past twenty or thirty years. At the same time these small
shoots of marl render it somewhat un A,^^e for anyone to walk close under the cliffs

,

or to linger there in geological study. The beds occupy a synclinal, slightly faulted
in places, and broken and slipped near the pathway between Penarth headland and
Penarth.

The beach is made up of fine grains of limestone and pebbles of Red Marl and
Lias, also blocks of flat, more or less rolled, slabs of Lias limestone.

The beach slopes somewhat sharply in places, but no * fulls’ are observable. At
Penarth headland the cliffs are protected by rocky ledges. The tide here rises from
20 to 22 feet. v

At Penarth itself a sea*wall and promenade protect the beach for a short distance.
To the south an inclined roadway extends to the summit of the cliffs, and this ka^i

been in part formed and protected by a bank of grey marl. The beach here at low
tide, for three chains in width, is muddy ; and further seaward, for 6 or 10 chains, it

consists of mud and boulders, resting on a platform of Bed rocks.
*
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In the railway-cuttings south of Penarth, not far from the cliffs, the lower beds
of the Lower Lias have been exposed. It is noteworthy that not only are the beds of
limestone much broken up here and there, but the broken-up masses of limestone are
waterwom into forms as irregular as flints, although the surface soil is a stiff clay.
During the summer of 1887 wide fissures were opened in the ground, cracks extending
to a depth of 4 feet

;
and in this way rain-water would readily find its way through

otherwise impervious strata into porous beds below.
NdHh of Lavemock great cracks are formed in dry weather parallel to the cliffs ;

and these are sources of great w'eakness, leading to slips and gradual waste of the
cliffs.

From Penarth southwards to Lavernock Point the beds shown are the same as in
Penarth headland. The cliffs run north and south, facing the east, and while ^r the
most part 60 feet high, they attain a height of 100 feet above the Roundbush Rocks,
8.E. of Lower Penarth. They exlubit a synclinal to the south of Penarth, faulted to
a small extent in four places. Further oi the beds rise in an anticlinal, so that the
Red Marls at one point form the entire portion of the low cliff. At Lavernock itself

the beds dip sharply to the south, and the Lower Lias limestones and shales form the
headland, with ledges of limestone prote' ting the coast and running out seaward.
Alabaster was formerly worked in a ‘ cave ' driven in the Red Marl at the base of the
cliffs, about half-wa}'^ betw\ien Penarth and Lavernock

;
but I was informed in 1887

that it had not been worked for about fifteen years,'

Rock platforms are shown at low water along the stretch of coast from Penarth
headland to Lavemock. At high water the sea ordinarily touches the cliffs at many
points, and the headlands are impassable, including a projecting bluff of red marl
overlaid by grey marl north of Lavernock. Along this portion of the coast the
easterly gales alone produce much effect on the waters and cause damage to the cliffs.

The beach nowhere shows any great thickness of recent accumulations, but for

some distance midway between Penarth and Lavernock there is much boulder-shingle

at the base of the cliffs, and small patches of local detritus are shown here and there

on the shelving rock-platforms. There is a spit of boulder-shingle at Runny Point.

From Lavemock Point the cliffs run south-south-westwards, and immediately
west of the point are composed as follows, the heights being 60 feet at the point,

and 110 feet further west :

—

ft. in.

Lower Lias—Limestones and shales . . . . . 25 0
Chiefly grey marls, with here and there stone-

beds . . . . , . . . 40 0
Limestones and shales 35 0

The beds occupy a S3’nclinal, the lower beds of limestone, Ac., forming bluffs at

either end of this stretch of cliffs, the grey Lias marls descending to the beach-level

between. Platforms of rock and marl extend seaward for 8 or 10 chains at the foot

of the cliffs, near which there is in places an accumulation of boulder-shingle and
ijand.

By Ball Cottage, south-west of Lavernock, there are reefs of Dolomitic con-
glomerate, with boulders of this rock on them. In theHmall bay to the north the

*beach comprises a little sand in places, but consists mostly of boulders of Liassic,

Rhsetic, and Triassic rocks, forming one slope. Under the cliffs, about 10 yards of this

slope rise above the ordinary high water, then come 2 chains of beach, and reefs of

rook (hard grey Rhmtic marl) further out. The cliffs here are protected by shrubs.

Along this line of coast the westerly, SQvth-w«;siorly, and southerly gales are all

very destructive, and their influence is shov^ii in a marited manner on the trees and
ehruDs.

Sully Island is composed of red, pale buff and grey Tiiaesic limestones and marls,

gently inclined towards the mainland, resting on the upturned beds of the Carboni-

ferous limestone. The severance of this island b due to the more rapid denudation
of the Triassic beds, which now at low tide connect the island with the mainland,
while the platform of Carboniferous limestone has better withstood the action of the
breakers. '

.

Barry Island is largely formed of similar rocksi with also Lower Lias and Bhastio

hfds. Owing to the recent dock-works it has been connected with the mainland. The
Carboniferous limestone has a seaward dip, and forms the two horns or headlands of
the island and the promontory just to the west. The severance of the island was owing.

> See Section in Proo. Geol. Assoc, for 1888. Excursion to South Wales, &c., p. 32.
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to the denudation of the softer Bhsetic beds and Red Marls, which connected the
island with the mainland towards the north-east, while northwards and ‘v^stwards

the river channel has been widened by tidal action. The cliffs south of Barry Island

rise to a height of about 60 feet. Whitmore Bay, on the same side,
.
between the

two headlands, is a beach of sand and shingle at low tide. North of it a little blown
sand occurs on the face of the slopes.

From Cold Knap, west of Barry Island, where the Carboniferous limestone is

exposed, the cliffs are about 50 feet high. Thence to St. Donat’s the general'

direction of the cliffs is east and west
;
they are formed of the Lower Lias limestones

and shales, but essentially of limestone. The beds have, on the whole, a slight

easterly dip ; but this is counteracted by numerous small faults, so that the same
beds are presented to our view, undulating here and there, and dipping now and again
in other directions.

East of Porthkerry the cliffs rise to an elevation of nearly 200 feet, and they attain

a similar height on the west. Further on, as far as 'East Aberthaw, the cliffs are
under 100 feet, and in some places not more than 60 feet. At high water the sea
washes the cliffs along the greater part of this distance, but for a short extent east

of Pleasant Harbour, East Aberthaw, there are wooded cliffs some little distance
(about 300 yards) from the high-water mark of ordinary tides. The interval is

occupied by alluvium, covered here and there with patchfe of shingle ; beyond is an
expanse of shingle, extending another 300 yards^o low-water mark. But the shingle
is of no great thickness, and is based on mud and Lias rock. Eastwards the coarse
shingle stretches along the base of the cliffs over ledges and platforms of Lias.

The alluvium before mentioned indicates that the river Ddaw formerly flowed out
to sea further eastward than it does now.

West of the port of Aberthaw there is an expanse of alluvial ground protected
by embankments. This is bordered by hillocks of blown sand, and these rise about
20 feet above the shingle beach. Bordering the blown sand there is a ridge of
thick shingle, and beyond this, between tide-marks, is an expanse of shingle on mud,
with sand here and there.

The shingle consists of rolled pebbles and boulders of blue Lias limestone, and it

is these stones which constitute the celebrated Aberthaw lime. All the * lime * taken
away has been shipped in the form of pebbles or boulders, taken preferably between
high and low water mark ; for these stones are considered to yield a better lime than
those heaped up at a higher level, and which have been exposed to the sun’s rays,

&c. Stones from this latter position are, however, employed locally in the lime-kilns.

I was informed in 1887 that fifty or sixty years ago there used sometimes to be about
twenty vessels in the harbour loading with beach pebbles. Since the introduction of
railways, limes from other districts, such as Harbury, Rugby, &c., have to a gpreat

extent diminished the trade at Aberthaw.
The material has travelled from the west, and owing to the encroachments of the

sea it has been heaped on to old alluvial ground—portions of the old estuary of the
Ddaw. In the blue .mud that here covers the platforms of Lias, on both sides of
the present river, the oMurrcnce of Scrohieulcuria plana was noticed by Mr. H. W.
Bristow. He observed Wat the mud was from 8 to 10 feet thick in places; and,
intervening between it and the Lias there is, south-west of Gilston, a bed of white
calcareous tufa, with land-shells (^Helix) ; a bed which he noticed also at Tresilian, in
that case directly under the shingle.

There are no cliffs for some distance west of Aberthaw, not in fact until we
approach Summerhouse Point. Th^kje to Dunraven.the cliffs are formed of the
Lower Lias limestones, wi^i subordinate layers of clay and shale. They vary in
height, attaining a maximum elevation of 235 feet at Whitmore Stairs, between Nash
Point and 'Dunraven, anti overhanging in places west of the Summerhouse, where
the dip of the strata is seaward.

The beach consists of ledges and platforms of Lias rock, from 160 to 200 yards
broad or more, covered here and there by coarse boulder-shingle of Lias rock and
occasionally by sand. South-west of Llantwit-Major the Lias strata on the foreshore
are much jointed, and the sea works off huge masses of rock ; here there is a great
bank of boulders. Where the stream from Llantwit flows out to sea a peaty deposit,
containing nuts, leaves, and t'mgs, was noticed by Mr. Bristow. This bed rest^<on
blue clay with ^rohiovlariat beneath which there was a deposit of tufa. The whole
was overlaid by boulders and shingle.* Here and there along the coast great falls of
the cliff take place ; at other points, as at Tresilian, there are caverns, which tend to
show that in certain places the cliffs have not recently suffered great destruction.
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At St. Donat’s large rounded blocks are taken away from the beach, to be nsed as
building-stone and occasionally for lime-burning.

West of St. Donat’s there are fine level platforms of rock on the foreshore. Here
the cliff follows the strike of the strata, but the ledges naturally vary much along
the line of coast, according to the inclination of the strata and the changes in the
direction of the coast.

South-east of Nash Point, between the two lighthouses, the cliffs have suffered

note^v^rthy losses by slips and falls of rock. Here, for a short space, a wall has been
built to protect the higher lighthouse.

South-east of Dunraven, the ledges :.nd platforms of Lias rock, covered in places

by sand, may be seen stretching out rather more than a furlong seawards at low tide.

Considerable slips of rock have taken place, and accumulations of tumbled blocks

and boulders are to be seen here and there along the foot of the cliffs.

At the Witches’ Point, Dunraven, the lowest beds of the Lower Lias are unusually

hard and more or less conglomeratic, and they rest irregularly on the upturned edges
of the Carboniferous limestone. A |»eminent headland has been the result, and
there are three caverns on the south side of it in the Lias. To the north-west of this

headland there is a .fine expanse of sand between tide-marks, while the coast is

bordered near the Lodge, Dunraven, by very coarse boulder-shingle.

The cliffs in the north-eastern angle of the bay, under Dunraven Castle, show the

Lias strata much disturbed and faulted, and here considerable slips take place. 1

was informed in 1887 that ten c. twelve years ago there were caverns here, but no
trace of them remains.

From Dunraven, past Southemdown, to Sutton, the cliffs are formed of the

ordinary Lias limestones and clays, dipping eastward, but undulaiing under Southern-

down. These beds rest on about 90 feet of hard blue conglomeratic Lias, and hard

white and conglomeratic rock, known as the Sutton stone. These lower stratahere, as

well as south of Dunraven, stand out in massive beds, and offer greater resistance to

the breakers than do the ordinary beds of the Lower Lias. They rest irregularly on
the Carboniferous limestone

;
and partly from this fact, and partly owing to great

joints and fissures in the rocks, numerous caverns have been excavated by the sea.

In one place below West an outlying stack of the Sutton stone, &c,, stands out on

the foreshore. The cliffs rise rapidly from the beach south-east of Soutljiemdown to

an elevation of about 160 feet near West, but decrease again further on to below

60 feet as far as the mouth of the Ogmore. Under Southemdown there are two or

three faults where the beds are slightly displaced, and tho cliffs stand out in wall-

like buttresses.

The Black Rocks, west of Southemdown, are formed of Carboniferous limestone,

much fissured, and worn into irregular shapes by the action of the breakers. Both in

this rock and in the harder beds of Lias, deep channels, basins, and tiny arches are

excavated by the waves dashing over the rocks and then draining off in lines of

jointage, Ac. Curious honeycombed surfaces are produced in the rocks by the

combined action of the breakers and the spray. Here and there little sandy bays

occur among the rocks, while more sand and shingle are exposed at low tide near

Button, the shingle containing pebbles of red and brown Coal-measure grits, as well

as pebbles and boulders of Carboniferous limestone : no doubt deriving many stones

from the river, which brings material from the South Wales coal-district, while some
'of the boulders are derived from the Dolomitic conglomerate.

The low cliffs here consist of Carboniferoi^ limestone, with thin and irregular

cappings of Lower Lias (white Sutton stom and conglomerate) near the Black

Bocks, and irregular masses of Dolomitic 0“ irgldaiei<t^e further on.
' Near the mouth of the Ogmore, and on both sides of it, the Carboniferous lime-

stone and Dolomitic conglomerate are smothered up over considerable areas by

blown sand. This extends by Candleston Castle and forms the Newton Burrows,

which stretch towards Newton Nottage and Porth Cawl. Not far from the mouth of

the river is the Tusker Rock, an islet of Carboniferous limestone that is ordinarily

exposed at low tide.
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D. Notes on the Coast from the Wyre to the Nibble.

By A. Dowson, 3 Great Queen Street, Westminster.

The part of the coast to which my remarks refer extends from the mouth of the
Wyre, near Flefetwood, to the northern side of the estuary of the Bibble, near
Lytham.

I am well acquainted with this coast, as 1 designed and superintended the
erection of a pier in the estuar}'’ of the Kibble; I also had to prepare evidence
relating to the removal of shingle from this district ; and I surveyed the northern
half of the estuary of the Kibble for the Parliamentary Inquiry with Keference to
the Nibble Navigation Act of 1883. '

The total length of coast is about 16 miles, Blackpool being situate about half-

way. About 11 miles of the coast below Rossall Point lies north and south, but the
remainder curves round eastward towards Lytham.

The flood tide runs up the St. George’s Channel from the south, past Blackpool on
to Fleetwood ; but part of it turns off eastward on striking the northern side of the
Kibble estuary. Spring tides rise about 28 feet.

The district generally is flat and sandy, the level not being much above high-
water mark; but north of Blackpool there are cliffs composed of loose clay, which
after the rains and frosts of winter frequently slip. Southward of Blackpool the
coast consistr of extensive sand-hills varying in height from a few feet to 60 or 60 feet.

The whole foreshore consists of fine sand of very varying widths. Towards high-
water mark there is a belt of shingle (largely composed of granite), the pebbles
varying in diameter from 6 inches and under.

This stretch of coast being bounded both north and south by a river, the whole
supply of shingle (except that washed from its own cliffs) is cast up from the sea on
to the shore above Blackpool by westerly gales. It is then caused to travel past
Kossall Point to the Wyre by winds from the south, or past St. Anne’s towards the
Kibble by winds from the north.

This almost ceaseless supply of shingle leads to an immense accumulation at the
northern and southern limits, the name of ‘ Tully Bank ’ being given to the former,
and * Double Stanner ’ to the latter. This growth has been going on from time
immemorial, as is shown by a large portion of the new watering-place known as St.

Anne’s, being built on some of the old ridges of shingle, which are nearly 2 miles
eastward from where the ridges are now being formed.

At Mossall Pointy and for about 3 miles south, timber groynes have been erected
at frequent intervals. The scouring is, however, very great, and it is only by con-
stant renewals that the sea is kept from encroaching. The bank at the shore ends
of the groynes is frequently hollowed out by the waves having been made to run
along the sides, and in many cases I have found it easier to pass under the bottom
planking of the groynes rather than to walk round by the bank.

The * Kossall Landmark,’ which is an octagonal structure of considerable height,
was built by driving timber piles into the beach. In time this beach became so
scoured away that, to render the * Landmark ’ secure, new piles were driven deeper
alongside the old ones, to which they were bolted. At my last visit to this place
1 found that the second set of piles were themselves being left bare, showing that
in spite of all the groynes in the neighbourhood . the lowering of the foreshore
continued.

A heavy sea embankment built to protect the grounds of Kossall School was also

seriously damaged by the sea. X
Blackpool was originally^a small fishing village, having a large quantity of

shingle in front of it, and any damage done by the sea was at once repaired by the
person most interested, with the aid of his*immediate neighbours.

In course of time a rough stone footing was built to protect the cliff, and from
this date the shingle began to be driven away.

The increase in the size of the town led to the making of a sea-wall, or what is

locally known as a * hulking,’ by sloping the front of the shore to about an angle of
60 degrees and paving it with stones. This wall was so undermined by the sea that
the foundations had to be carried down to a lower level. The sea then had a longer
incline up which to run, and Of course to rush down again, striking against thcp

beach at the bottom and wearing it away. A second time this wall has been oaixied
lower, with the result that still heavier seas came against its face. «

A proof of this is that the surface of the foreshore is now several feet below what
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I knew it to be twenty years ago. This was shown by some of the foundation screws
of the piles of the pier having been washed bare.

The ordinary cost of keeping the present sea-wall in repair amounts to over 1,600/.

per annum, in addition to which much loss and anxiety are frequently caused during
a heavy storm.

Attempts have been made to replace the shingle driven away by the wall, by
erecting timber groynes. The result is that shingle may sometimes be found on their
norths)and sometimes on their south sides, but never during heavy weather can any
reliance be placed on an accumulation to assist the sea-wall. The general level of the
beach is not in the least raised

;
the sea vard ends of the groynes have deep pools of

water around them, and the waves driven along them to their shore ends have struck
heavily against the wall and have greatly worn the stonework. It is only by very
constant attention that the wall is nuiintained.

Whilst this damage continues to be done at Blackpool thousands of tons of
shingle are driven past it, as before described.

St. Anne’s, a new watering-place near the most northern boundary of the estuary
of the Kibble, is built on what was a few jears ago a rabbit-warren, underljing it

being the old shingle ridges before mentjmed.
When the town was first laid out a sea wall, smaller, but of similar outline to the

one at Blackpool,* was built, much shingle being left between it and the sea. Soon
after its erection the shingle began to be driven away, and it became necessary to

lower the foundations several feet, as was found to be the case at Blackpool.
Many attempts have been made to protect the wall by groynes constructed of

timber, but the invariable result has been to produce an increased scour. I have
myself made several attempts, but it was not until I discarded solid groynes and sub-
stituted open ones that I met wdth any really good result.

After various modifications I put up several open groynes at right angles with the
wall, their sides or panels being made of wrought-iron gratings, so as to retain the
shingle while allowing the water to pass through them freely. These produced a
very considerable accumulation of shingle, which after several years still remains
there.

Subsequently, during a heavy gale, a considerable length of another portion of the

wall was undermined, and, as it was in imminent danger of being washed down, I

fixed several open groynes in front of it. The result was that after the next rough
tide a large quantity of shingle was trapped. Then, as the groynes became buried,

they were lifted up from time to time, so that this part of the beach was raised from
10 to 12 feet above the level which existed when I commenced operations, and the
wall has since remained safe.

.

After this experience the owners of the property were so convinced of the benefit

derived from having the open groynes erected that they purchased from me the right

to place them along an}'' part of their frontage (about one mile). Having afterwards
learnt that they were about to erect a number of short groynes, I pointed out that

they would not be likely to attain their object. Short groynes could only lead to the
formation of a narrow and steep incline of shingle, whereas they should strive to

accumulate a broad, flat incline upon which the waves would break before reaching
the sea-wall. They did not, however, carry out this suggestion, so that I fear little

good can be expected from these additions.

The foregoing evidence appears to me to show

—

(a) That a sea-wall causes the shingle in front of it to be driven away.

(b) That solid groynes, especially \t high ones, are most mischievous, as

owing to the scour they produce during heavy weather they drive the shingle
seawards.

On the other hand, with open groynes it is impossible for the shingle to be
driven away, and in practice they have retained it for several years, where it

still remains.

E. Eotes on the Coast of Durham, between the rivers
Tyne and Wear,

^
By Huoh Beamwell, The Whitburn Coal Company, Limited, South Shields.

21* The nature of the coast is as follovra :—«• mile of sand immediately
south of the !l^ne; 4 miles of limestone cliffs (magnesian limestone
Permian); 1 mile of sand, the Whitburn sands

; ^ mile of limestone <flifffi
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the Boker cliffs
; ^ mile of sand, the Boker sands, extending to the Wear,

b. Greatest height of ' cliffs, 80 feet
;
minimum height of cliffs, 20 feet

;

average height of cliffs, 40 feet.

3* The coast-line runs roughly north and south.

The prevailing wind is westerly.

5« The north-east wind is the most important in raising high waves and in the
piling up or the travelling of shingle. There is, however, but little shingle,

except in the small creeks. *

6. The tidal current ‘ flows * from the north, and * ebbs * back to the north. The
* flow ’ is much the more powerful.'"

7. Spring tides range 15^ feet, neap tides range 11 feet. The greatest exposed
area is near Whitburn village, where from 200 to 300 yards of foreshore are
exposed. Along the cliff-portion of the coast there is deep water to within
100 yards of the cliff.

8* The area covered by the tide consists of sand at Shields, Whitburn, and Boker ;

bare rock along the cliff-portion of the coast. A certain amount of shingle
accumulates above high-water mark along the cliff-line in the small creeks.

There is also an accumulation at the south end of the Whitburn Sands.
9. Such shingle as there is travels fb the south. The amount is undoubtedly

larger at the southern portion of the coast-line upder notice.

&0. The amount of shingle probably remains constant, or nearly so. It may be
increasing at the south end of the coast-Kne.

12* The Tyne Commissioners’ groyne is the only one built with a view of prevent-
ing the movement of shingle, sand, &c. ;

its object being to prevent the sand
filling into the dredged channel of the Tyne. The Tyne Commissioners’ south
pier extends 1,650 yards (present length) into the sea, and it has caused an
accumulation of sand immediately to the south of it. This sand-deposit is

not covered by the ordinary high tides, but spring tides, especially if accom-
panied by north-east winds, rise over it. The Wear Commissioners’ old pier,

being only 270 yards long, has not led to any appreciable accumulation of
sand. A new pier is, however, in course of construction at Boker, to
extend some 600 to 800 yards into the sea, which will most probably lead
to the piling up of shingle and sand on its north side by preventing their

passage to the south.

JL3. At South Shields the Tyne Plate Glass Co. remove large quantities of sand,
both from above high-water mark (sand-dunes) and also ffom the more recent
accumulation, now only covered by exceptional tides. The sand is used for

grinding the sheet glass. A small amount is also removed from the Whit-
burn Sands, for building purposes, under permission of Sir Hedworth
Williamson, the lord of the manor. The Tyne Commissioners have also

worked an immense quantity of limestone from quarries on the cliff-line for
the construction of piers, &c. The operations have, however, been confined
to above high-water mark.

18. a. The cliff-line is, no doubt, being worn back, being fully exposed to heavy
seas from the north and east without any protection whatever, the base Of
the cliffs being high-water mark, c. The limestone, however, being com-
paratively hard, especially some beds, the wear is very small. After every
winter, however, there are numerous faUs of stone, due to firost, &c. Esti-

mating that 160 tons of stone fall from the cliffs each year, the average
wear of the whole cliff-line would be 1 inch in fifty years, d. The Lizards
Common, which extended alongtwo miles of the cliff-line,was inclosed in 1718.

I have examined the award plan and compared it with the Ordnance Survey
of 1854, and find that the loss of land during that period is iimppreciable

on the plans. A footpath was, however, left along the whole cliff-line, out-

side the enclosure walls, and in several places the cliff has fallen away, and
either carried the path away or rendered it unsafe, and a new path has been
made by encroaching on the enclosed land, inside the original line of wall.

16a No land is being gained, beyond the increase of sand behind the Tyne south
pier, which is, however, stiU subject to inundation.

17a There are sand dunes at South Shields and at Whitburn, aa Locally known
as * bents.* ba At Shields they are from 8 to 12 feetin height. At Whitbiihi
their extent and height mre very limited, o. The Shields dunes were formed
before the commencement of the piers, and were probably caused by 'the

tide flowing south, and sweeping past Tynemouth point a<U088 the ziyer
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mouth, causing a back current from the south (as per sketch). A. The sand
dunes are not increasing, and they have to a large extent been removed (see
IS), and parts have recently been converted into parks, e. The dunes are
grass-grown, and the sand does not blow over the adjoining land to. axij

extent.

Note.—

A

rrows denote tidal currents before the building of the piers, causing a
deposition of sand at x,

19. The Tyne piers completely stop the travel of any shingle from the north to

this piece of coast. All the shingle accumulated in the little coves consists

of d6bris from the limestone cUffs and from the boulder clay, which in

parts covers the limestone. The north end of the cliff-line is consequently

more destitute of it than the south end. The largest accumulation, and, in

fact, the only deposit affording any protection to the coast-line, is at the

south end of the Whitburn Sands. Near the middle of the Whitburn Sands,

at the mouth of a small stream, there are indications of a submerged forest,,

in the stumps of old trees in sitUf now below or near high-water mark.

These were, however, covered with sand when last I examined the locality.

F. Reports to the War Department and to other Government
Departments on Various Fclrts of the South-eastern Coasts
(1860-1867).

%y J. B. Bbdman, M.Inst.O.E., F.G.S., F.E.Q.S.

(Printed by permission of the War Department.)

1. SANDOWN CASTLE.

The Seeretivry of Statefor W(ur to the Mayor of Deal.

War Office, PaU M»U, Apra 1867.

vv Bib,

—

1. On the 4th September last your predecessor addressed to the Secretary of

State for War a Memorial of the inhabitants of Xl!^ upon the subject of tibie danger

;whidi is apprehended^m the ravages of the sea upon the high shingle beach, which,

ilhtll recently, has formed a sufficient barrier between the sea and the town of Deal,

together with adjacent properties.
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2. At the sam6 time communications were received upon the same subject from
Mr. Stephen Pritchard and Mr. William Betts, two neighbouring proprietors.

3. From these communications it would seem to bo generally admitted that the
sea was advancing by degrees upon the land ; and at the same time an opinion was
expressed that part of the injurious action was due to the construction of groynes in
front of Sandown Castle.

4. An inquiry was thereupon instituted by order of the Secretary of State, by
which it would seem that the lowering of the groynes would be of little or no adv^^tage
to the security of the neighbouring beach

;
but as, at the same time, they seemed to

be of little advantage to the Castle itself, th^ Secretary of State ordered them to t>e

lowered, as was communicated to you in a letter from this Office of the 4th November
last.

6.

It was pointed out in that letter that it could scarcely ever be possible that
the measures taken by one proprietor should be those best calculated for the general
interests of the neighbourhood, when all are threatened with the same gangers

; and
the Secretary of State expressed his perfect readiness to subordinate the measures
taken for the protection of Sandown Castle to any general measures which may be
adopted for the protection of the coast.

6. As the Secretary of State did not heAr that any such general measures were in
contemplation, and as it was a matter of importance to determine'what was the best
course to adopt with reference to Sandown Castle, his Lordship, after consulting with
the Inspector-General of Fortifications, ordered thSt the subject should be referred to
Mr. Redman, a civil engineer of considerable experience in works of this description.

7. Mr. Redman has made a searching investigation into the whole of the circum-
stances, and has presented a valuable report, which, as it is of equal and, indeed,
greater interest to the neighbouring proprietors than to this Department, has been
printed for general information.

8. As the present letter will explain the circumstances under which Mr. Redman's,
report was made, the Secretary of State has directed that it should be printed with
the report.

9. Twenty-five copies of the report are herewith transmitted for distribution
among the landholders most interested, and additional copies will be forwarded, should
you require them.

10. The perusal of this report, and, indeed, the mere inspection of the plan, is

sufficient to show that the further maintenance of Sandown Castle must in an}' cas^
be difficult, and will be quite impossible unless the neighbouring proprietors are
willing to incur the expense of general measures for the defence of their respective
properties.

11. If those measures are undertaken, the Secretary of State will provide in the
Army Estimates for that proportion of the works recommended, which will cover the
property of this Department.

12. If they are not undertaken, Sandown Castle will be dismantled, and no future
expense incurred on its maintenance.' The military value of the Castle is but
secondary, and, though interesting from historical recollections, the Secretary of State
does not consider he would be justified in incurring the expenditure recommended
by Mr. Redman at p. 11 of his report [p. 910J for Sandown Castle itself, as those
measures would only be of temporary assistance, and would entail constant additional
expenditure as the sea advanced on either fiank of the Castle, and would ultimately
swallow it up.

13. On the other hand, if the general measures suggested by Mr. Redman at p. 14

£p. 911], or other measures of an equally''general character be adopted, there maybe a
fair chance, not only of maintaining the Castle, but of saving the whole neighbour-
hood from the peril to which it now seems to be exposed. ^

The question must now be left to be decided by the landowners, who may obtain
a local act for the purpose, or set on foot any other collective action they may think
best ; mid the Secretary of State hopes that you and they will give him the credit of
having endeavoured, to the best of his power, to afford to the neighbours of the War
Department property at Sandown Castle as much assistance as it is in his power to
afford.

I liave the honour to be, ^

Sir, your obedient Servant,
(Signed) B. HA.WB8*

* [Carried into effect February 1863.]
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Mr, Redman to the Secretary of Statefor War,

6 New Palace Yard, Westminster, Decembtr 20, 1806.

Sir,—

I

n pursuance of the instructions contained in your letters of the 3rd and 14th
ultimo, and accompanying memoranda of latter date, I visited Deal from the 26th to
29th ultimo, and for the information of the Secretary of State for War beg to report
the result of my inquiries, and what appears to me would be the best plan of defence
to ad(^t to stop the continued encroachments of the sea ; in illustration thereof 1

. beg to refer to the*accompanying plan and sections, which show the state of- the shore
north and south of the Castle, and northward to Battery No. 1, during my survey, as
alrfo the works I propose should be executed.

On the morning of the 26th ultimo, at high water, with a high tide, and the wind
from N.N.W., I found the sea breaking over the Castle, and over the outer brick
walls of Batter}^ No. 1, and the Castle moat was full of water, the sea getting through
the moat wall on the south side at the termination of the new wall ; this was sub-
sequently repaired

; at the same time the 5ea was making a clear breach through the
crest of the beach south of the * Good Intent ’ public-house, and running into the
adjoining fields, and north of the Castle nearly up to Battery No. 1 the sea was over
the saltings behind the shingle mole and sand dunes, forming a small lake right up
to the adjoining helds, coming in south of Battery No. 1, through two breaches in the
crest of the shingle, and flowing round the back of the officers’ quarters, or south
Tower,

The condition of the shore from' the north side of Deal to half-way between the
two batteries is very serious, and should there be a continuance of gales from N. and
N.E. during the winter, it is difficult to estimate the probable consequences, not only
to the property of the War Department, but also to the north side of the town of
Deal and the adjoining land.

The inroads made upon the shore between Sandown Terrace and the Castle are
60 extensive that should a permanent breach occur there, which is not at all impro-
bable, the north side of the town would be threatened as well as the adjoining low
lands, or should the wasting of the beach continue, adjoining Battery No. 1, the whole*
of the low lands up to the line of railway, and even beyond, might be submerged.*

From the information 1 have been able to gather, it would appear that the whole
of the shore from Sandown to midway between the two batteries has been en-
croached on by the sea during the last eight years at an alarming rate.* It would
appear that at Battery No. 1, only four years back, the line of beach was 40 feet to
60 feet seaward of the battery, and now it is in a line with the back of the gun
racers. As the sea has gained on the land, the beach has not only diminished in
quantity, but has travelled landward, gaining on the sand-hills, which now in places
crop out through the shingle and are washed away by the sea.* The result of this

action is that the upper ‘ full * of shingle is travelling to the rear of the Castle and
Battery, and. leaving the groynes, the western ends of which are buried in its progress
by this landward recession of the shingle. From the greater prevalence of N.E.
winds during the last seven or eight years * on this part of the coast, the leeward

' motion of the beach has been to the southward ; as, however, this mole of shingle
travelled originally from the southward, should S.W. winds again predominate to a
greater extent the re-accumulation of beach may be looked for, and a motion to the
northward, for we find that at Battery No. 2, where at present there is an absence of
modern shingle, which almost ceases shortly north of it, there are two ‘fulls * of beach
after S.W. winds.

There are two deep pools of wat.er behind beach north of Battery No. 1, which
did not exist seven years back ; evidence of th^ encroachment of the sea.

From half-way between the two batteries to Battery No. 2 the mole of shingle
appears to have been tolerably stationary for the last eight or nine years, but to the
southward the shingle has c-onstantly diminished over the same term of years, and
about 20 feet in breadth of beach, according to local evidence, was eaten away at one
tide by a breeze from the N.N.W. only a fortnight prior to my visit, the absence of

* [This, in effect, took place December 1862.]

* [Beacl^^now gone back 160 feet N. of Castle, February 1863.]
. * • [Recede 100 to 160 feet in 6|- years after this^ viz., to February 1863.]

* At Ramsgate, from the Harbour Register there, the excess of west winds from
1A4§ to 1 866 has been an average of forty-six days per annum as compared with
eighty-five days per annum from 1836 to 1846.
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mischief northward being due apparently to the protection afforded by the Isle of

Thanet.
During the degradation of this particular length of coast the beach south of Deal

at Walmer and Kingsdown appears to have somewhat increased, though not at the
same rate as formerly ; this at first appears anomalous, but as Kingsdown, where such
an extraordinary accumulation of shingle has taken place, is half-way between Dover
and Sandown, it appears to have benefited by the motion of shingle from the south-

ward and westward, or from the northward.*

To show the extreme peril that the lands to which this mole of £^ingle has hitherto

acted as a barrier are now in, it is only necessary to refer to the fact that these
formations, in such a situation as this, when in equilibrium, are usually about 10 feet

above the range of high water of spring tides ,* at the end of the esplanade the bank
is 11 feet above this level; opposite the mill, 9 feet 9 inches ; 600 feet north of the

esplanade, 7 feet 8 inches ; 800 feet, 7 feet 3 inches ; and adjoining the * Good In-

tent,’ it is only 6 feet 3 inches above this level; north of the Castle the crest is usually

from 8 to 9 feet above, until we come to the partial breach at 1,600 feet northwards,
where the shingle and sand are only 6 feet above high tides. North of this there are

even worse places, being only from 3 to 4 feet above at 1,700 and 2,000 feet north-

wards; and at one particular place, viz., 2,165 feet north, where there is a sudden
dip caused by the breach of 25th ultimb, and the sand-hill cropping through the
crest, it is only level with the range of high spring tides, v.iz., 19 feet above Datum,
which figur deducted from those on the crest on plan, will give the relative heights

above high water extreme spring tides. South off Battery No. 1 the beach where it

has spread over the land is equally low, being only from 2 feet 6 inches to 3 feet

above. North of the Battery we find the crest again from 8 to 9 feet above high
water.

In reference to the first item of your instructions, viz. :

—

* What are the best measures for preserving Sandown Castle from destruction ?
*

I beg to report that I consider the only effectual way of doing this would be by
paving the bays between the groynes with stone, at a slope of about 7 to 1, terminated
by a curved face meeting the base of the Castle walls, the margin next the sea to be
sheet piled, or protected by a toe of large stones laid in a deep trench. At first it

might be sufllcient to protect the two bays adjacent to the centre groyne in this way

;

should no accumulation take place in the north and south bays, an extension of the
paving would be necessary ; but as I consider these groynes act injuriously by their

great height, creating cross eddies and overfalls which sweep out the shingle after it

is deposited, I recommend the planks of the north and south groynes being removed
to the mean level of the beach north and south of these defences, and the planks of

the centre and intermediate groynes to the level of the adjacent shore
; the effect of

this had best first be tried before encountering the expense of paving
; a wall should

be erected north of the Castle to the extent of your boundary to check the beach, and
this might serve as an example to the landowners, or the revetment should be raised

;

this is imperatively required, likewise at the Battery, to prevent the beach retreating

on the land, which, in travelling westward or landward and southward, at the same
time, is heaped up against the walls of the Castle and Battery, and were counter
walls, suflSciently high, erected in the directions shown, they would have the effect

of driving the shingle seaward of these defences. No permanent benefit would, how-
ever, res^t from this without the wall was made continuous from the Castle to the
Battery, and ffbm this latter northward to where the beach is stable or unaffected by
this landward motion

;
for should short lengths only be executed to the limit of the

property of your Board, the shingle -^ould drive past, and eventually the ends be
undermined, as we now see in operation kt the end of the esplanade wall at Sandown,
which will shortly render tt»e continuation of this wall imperative unless a re-

accumulation of beach hereafter takes place.

A good deal of mischief is done by the sea getting inside the moat, and at low
water finding its way out again under the foundations, which in all probability was
one of the causes of the failure of the former cross walls. I would recommend (if

the material could be readily found) that the moat should be filled to the level of the

* The degradation of the shore from St. Margaret’s to Dover isalmost as remarkable
as in the district now under notice.

"

[February 1863 : Notices from Her Majesty’s Board of Works now posted against
removal, consequent on loss of beach at S. Foreland, Sandown, &c. ? Admiralty Pier,

Dover.]
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lower embrMores, at which level self-acting tidal-flaps should be introduced in each
of the cross walls to allow the water to drain out of the moat at low water, but to
shut back against the ingress of the sea.

In the second bay from the north the footings of the north-east tower of the Castle
are exposed, and in the third bay the footings of the south-east tower, and a water-
worn substratum of hard sand, closely approaching sandstone in appearance, upon
which the walls were originally founded, and which may be traced up the coarse
vertics.! joints, and adapting Itself to the irregular beds of the stones, precisely similar
in character to the serrated edges of the sand dunes that crop out through the beach
to the northward.

During the first day of my survey, viz., bn the 25th ultimo, from 16 inches to 21
inches in vertical height of this sand were exposed to view at low water, but on the
29th only from 6 inches to 12 inches, from a slight accumulation of shingle having
taken place in the interim, arising from the change of wind to the westward.

The paving of the proposed stone slopes should be laid on a bed of concrete or
clay to prevent the recoil of the wave diamng away the shore from under the stone-
work after getting through the joints, and this should be carried well up to the ex-
posed footings of the Castle walls to prevent the sea having access thereto.

I estimate the cost of these stone slopes, if confined to the two bays north and
south of the centre groyne, at 400Z., and if extended to the whole distance between
the north and south groynes, 800Z.

As regards the ‘ probable effect t*pon the land of the neighbouring proprietors,* I
consider that such a system, coupled with a lowering of the Castle groynes, would be
benefipial, as allowing a freer passage of the shingle north and south.

In making this survey and report I may, perhaps, have somewhat exceeded the
precise limits of my instructions of the 14th ultimo ; but looking to the tenor of your
first letter of the 3rd ultimo, referring to * the Coast between Deal and Sandown
Castle,’ and arriving as I did when the sea had breached the beach, both at Sandown
and at Battery No. 1, it appeared to me, viewing the general waste going on over so
great a length of coast, that it was impossible to report on the defences of the Castle
without having reference to the whole length of the coast affected, and difficult to
disconnect the consideration of the works necessary to be carried out for the
protection of your defences and those for the adjoining properties, for an abandon-
ment of the Castle would necessitate the construction of a sea-wall in the line of the
beach, or the entire abandonment of the present line of coast, for the ground on which
the Castle stands has gradually assumed the appearance of an island. Should the
degradation of the coast cease, and a prevalence of south-west winds again renew
the beach, such a step might be regretted.

As regards the coast from Sandown Terrace to the Castle, the only effectual mode
of defence appears to me to be the erection of a sea wall in continuation of the pre-
sent esplanade wall from the southward : this affects more immediately the Arch-
bishop of Canterbury and the town of Deal.*

From the Castle to*Battery No. 1, should the present waste continue, to preserve
the low lands from inundation, I should recommend the erection of counter walls of
earth behind the beach, with a stone slope similar to what I propose for the defence
of the Castle, and the consideration of this is also a landowners* question

; Romney
Marsh, formerly protected by a shingle beach and by groynes, is now defended by a
stone slope. Such a work might be executed in lengths behind the thinnest and
weakest portions of the beach, and the execution of the paving might be deferred
until the beach, which would form a barrier as long as it remained, had been carried
away and exposed the counter wall ; it migb:'^ eventually be necessary to extend such
a wall northward of Battery No. 1, respecting which latter work I would recommend
a similar course to what I advise at the Castle, viz., a lowering of the planks of the
north and south groynes, and the extension of the latter westward up the crest of
the beach, and the entire^removal of the whole of the'-planks of the two intermediate
groynes, which, from their direction and form, are not calculated to arrest or retain
the shingle : it would also be necessary to construct a timber revetment or wall from
the south side of the battery to the west end of the south groyne, and on to the extent
of your property.

At Walmer and at the Admiralty premises at Deal notices are exhibited forbid-
ding the removal of shingle, and this should be strictly enforced along the length
of coast under consideration. Large quantities appear to be removed for various

* [Now flooding with shingle, February 1863.]
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purposes, notwithstanding a notice forbidding its removal, in front of the Archbishop
of Canterbury’s property, and the attention of the authorities at Deal should be called

to this pernicious practice.'

The works I should recommend to be first executed at the Castle, viz., the altera-

tions of the groynes, and the paving of the two centre bays, would probably amount
in the aggregate to 460^., and if the moat were partially filled and two sea sluices

were added a further sum of lOOf. would be required.

The works at Battery No. 1, exclusive of sea walls, would cost lOOf. •

Sea walls behind the mole of beach would cost, say, .HOOf. for the Castle frontage,

but these would be useless without being continued as the beach retreated.

From the way in which the shingle is now travelling, I consider that no sj^stem'

of groyning will produce any permanent benefit, and would only lead to disappoint-

ment.
In the event of a continued recession of the coast-line, and no steps being taken

by the landowners for its protection, it may ultimately be necessary to abandon the
sea faces at Sandown Castle and Battery No. 1 but after a very careful consideration
of the question, I should recommend the execution of the proposed works in the first

instance.’

Before determining on the character cr extent of works, it appears necessary to

ascertain the views of the adjoining landowners.

As the wind had been blowing.for ten days or a fortnight'^from the southward and
westward I again visited the Castle on the 16tV instant, and found a large lower
‘ full * of shingle had been thrown up from Sandown Esplanade to the Castle, and a
considerable quantity of shingle had collected in the north and south bays,4n the
former of which the ‘full* of shingle was highest on the south side of the north
groyne, showing the motion had been reversed

;
the beach around these groynes was,

however, being quickly drawn away by the change of wind to N.W. on the 14th.
I have the honour to be. Sir,

Your very obedient Servant,
(Signed) J. B. Redman.

2. SHEERNESS SEA-DEFENCES.

To Major Jervois, II.E.

6 New Palace Yard, Westminster, S.W., Auffust 20, 1857.

Sib,—

O

n the 3rd instant I was favoured with your instructions from the War
Office to survey the sea-wall which bounds the property of the War Department at

Sheemess, and to report, for the information of the Secretary of State for War, the

mode in which I would recommend the works of renewal of the groynes, which form
a part of these defences, should be carried out, and for which a sum had been voted
in the Estimates for this year. •

I accordingly proceeded to Sheemess on the 6th instant, as you stated it was
desirable I should report as early as possible, and from the 6th to the 8th instant

carefully examined the coast from Garrison Point on the west to East End Station,

eastward, and was furnished by the Commanding Royal Engineer officer (Colonel

Montagu) with every information and assistance I could desire.

The prevalent motion of the shingle on this line of coast ici from the eastward,
,

the result of which is a very large accumulation, forming a spit on the eastern side

of the entrance to the Medway called G|irri8on Point. This has gone on increasing,

as evidenced on the ground by the fact fnat the glacis of the eastern bastion is now
rendered needless as a sea dcffince from the large accumulation of shingle in front or

to seaward of it, and the same remark applies to the glacis round the works at

Garrison Point. It appears, from the plans of Sheemess in your possession there,

that in 1737 the end of the shingle spit was half a mile east of Garrison Point
; and

the same plan describes the then termination of the spit as * growing beach,* and
defines the amount that had then recently grown up from the eastward to the west-

A. — 'f*
— " —

> [Deal authorities subsequently exhibited notices, also Her Majesty’s Board of

WorksJ ‘ /
®

* [This, In effect, is now the case, March 1862.]

• ^ot done. Consequences, retreat 100 feet of beach N. of Castle and flooding jn

December 1862 of marshes up to the railway.]
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ward of this. The shore where now covered with shingle is described all the way to
the Medway, as well as the foreshore seaward, as ‘ ooze.’ Here, as the mass of
shingle has increased, so has its size, and the usual characteristics of a sea beach, with
two distinct * fulls,* are presented.

The existence of an outer modern ‘ full ’ in advance of the old beach is also
indicative of the increase of the Point, the western progression of which has amounted
to from 2,800 to 3,000 feet in 120 3'ears, viz., from 1737 to 1867, being at the rate
of frdtn 23 to 26 feet per annum. On the opposite shore, at Harwich harbour, a
similar shingle-formation, called Landgnard Point, has progressed in a S.W. direction
at the rate of 60 feet per annum during the last twelve years.

Garrison Point appears to have been resorted to for many years for material for
concrete for building purposes and for ballast for road-making in the Dockyard and
for your Department. From the eastern bastion up to the turnstile a good foreshore
of shingle continues, rendering unnecessary the old groynes, which have been allowed
to go to decay. From the turnstile to th«. east end of your property, a frontage of
nearly half a mile, are situate the works in question.

At the west end, t.e., just east of the turnstile, from the degradation of the shingle,

caused by the groynes being allowed to fal • to decay, or from other causes, the sea has
been allowed to impinge upon and breach a portion of the stone slope, which has only
been partially rej)aired, a^d that at a very acute angle. The stone wall, with the
exception of this breach, is generally uniform, but the original slope given to it, viz.,

from 2 to 3 horizontal to 1 vertict.!, is very steep
;
the toe or footing is protected

by stake piles, which in places are getting undermined, and causing a corresponding
settlement of the stone paving from the sea getting into the clay bed and washing it

from beneath.
The shingle which is retained by the groynes running out from this wall is usually

highest on the east side, showing the prevailing motion. The land ends are rather
above the level of high water, and they extend in varying lengths and directions,

generally about 120 feet in length, and with an average bearing N.E. by N. by
compass ; the wind to which tlie coast is most exposed blowing from the east by
compass, and after gales from this quarter large quantities of cement stone pebbles
are picked up along the beach, which work up out of the clay shore. The large

quantities of oyster-shells on Garrison Point and the beach in front of the east

bastion are also indicative of this movement.
The ends of the groynek mark the limit of the shingle, bej^ond which is a great

extent of flat oozy foreland, amounting in breadth to a mile in places at low water of
spring tides.

In front of the Royal Hotel is situate a groyne of greater extent, as to length and
cross-section, than the others, through which the sewer from the hotel is carried, at
the mouth of which, for its protection, is a curved horn. This groyne has promoted
a deposit of ooze to the westward ; and there is also a small accumulation of shingle,

which is, however, entirely local, for westward of it the clay makes its appearance,
with little beach to cover it, with the foot of the stone slope projecting above tho
foreshore.

The stone wall terminates by a rectangular return near the windmill, and there is

then a deep recess up to the east end of your property ; along this length of 114 yards
the groynes have been allo^d altogether to go to decay, the shingle has travelled

landward, and the sea has gained very much on the shore, shown by the clay cropping
out in serrated ridges through the thin beach, which only partially covers it. By a
reference to Major Nugent’s plan of October last the high-water mark appears
coincident, or nearly so, with the shore ends .•he groynes, but is now considerably
landward of them, from this recession of the shingle. The degradation of the shore
would also appear in the then proposition to lengthen these groynes, which are now
quite decayed, and the piles of some of which may be ,Uftod out of the shore, being
only a few inches therein, showing a lowering of the foreshore on their site of about
3 feet. ' At the termination of your property at the east end of this bay or recess, and
at the west end of Neptune Terrace, there is a very large old groyne of about six

parallel rows of stake piles in steps to the westward, filled in with rough Kentish
stone. This groyne has caused a local accumulation of shingle eastward of it, where
the pebbles are from 4 to 5 feet higher than on the west nde ;

but soon after passing
thKs local accumulation we find the shore to the eastward very much denuded, the
clajr cropping through in ridges, a very thin medium of beach travelling landward.
Th«fshore appears to be lower to the extent of from 5 to 10 feet in places, as evidenced

by the way in which it is dished out (leaving pools of water as the tide recedes)

1888. 8 N
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between the land and sea ends of some half-dozen groynes, situate west of the jetty

at Cheney House, which have been entirely abandoned and allowed to go to decay
by the proprietors of land, who from their promiscuous cartage away of large quan-
tities of beach and sand no doubt very much increase the evil.

Off the jetty is situate a local spit, Cheney Rocks, or, as it is sometimes called,
* China Bocks,* &om the neighbourhood of which large quantities are likewise taken.

Eastward of the jetty, to the extent of the system of defence by groynes, the
wall is paved on the face and defended by groynes very close together, being only
from 10 to 20 yards apart, filled between with * fulls ’ of fine shingle. The wall
varies very much in direction with a recess jifst eastward of the Jetty ; it subsequently
takes a direction more landward, is here more regular, and the beach has a better

slope. At the eastern end the shore ends of the groynes are nearly level with the
top of the wall as well as the beach. Eastward the groynes altogether cease, and we
have a mole of shingle up to the preventive station, and thence eastward to tho base
of the clay cliffs of the island. Assuming two distinct * fulls,’ marking the respective
range of springs and neap tides, it appears to have travelled landward a considerable
distance during the last five years ; it is said also to decrease in quantity. This
recession of the shingle-belt has corresponded with the wasting of the clay cliffs of
Minster, which is constantly going on, aad evidenced at East End by a large amount
of undercliff. ^

*

Between the shingle-belt at the coastguard station, or * Ship on Shore ’ as it is

locally called, and the Marsh Wall is a width of tsaltings, which in the winter time,
during spring tides, and with the wind from the northward, is frequently overflown
by the sea, and may hereafter entail more attention on the part of the landowners to
this line of wall.

From this general view of the shore, and a reference to the maps in your Depart-
ment, there would appear to have been a gradual growing up of the shore westward,
towards the Point, corresponding with the wasting of the cliff eastward ; that advan-
tage has been taken of this to reclaim the slob lands by degrees, some of the walls
being in advance of others, and for the protection of these vralls of earth the attempt
has subsequently been made to secure a permanent protection by arresting the
shifting beach by groynes ; that this beach to the westward has grown out in advance
of, and rendered superfluous, the groynes, and that in places to the eastward it has
travelled landward of the groynes, and at intermediate points, from neglecting to
keep up the groynes or to arrest the beach in. travelling landward, and also from the
irregular projections consequent on the want of concerted action, and from pro-
miscuous and ill-judged removal of sand and shingle for building purposes, isolated

lengths have suffered very much.
Were my instructions to report what I considered to be the best means of defending

this line of coast, 1 should be disposed to recommend the construction of a sea-wall,

or rather the extension of the stone slopes, and the abandonment of any other sea
defences in the shape of gro3mes. This, however, would involve a much larger outlay
than is contemplated in the Estimates for the current year, besides which my instruc-
tions direct my attention to the question of the best direction for the proposed new
groynes. Neither has the cost for maintaining this wall been extravagant, for .1

find from returns furnished me at Sheerness that the cost from 1822 inclusive to the
present time, including the estimated amount for the current year, amounts to 9,324^.,

which is at the rate of about 267?. per annum for thirty-six years.

With the exception of the proposed expenditure this season, that of 1825 appears
to have been the heaviest, reaching 1,300^, mainly caused by damage from a high
tide, arising in all probability from the’^upper works being out of repair.

The expenditure for terms of five years appears to be as follows, viz. :

—

1822-25 £65B per annum.
1826-33. (No return. If aught were expended it would raise the rate

of annual expenditure accordingly.)
1834-38 £BS2 per annum.
1839-41 £111 „
1844-48 . . - . . . . . . . £220 „
1850-54 £92
1860-67 £169 „

The present is therefore apparently an exceptional and reconstructive year.
In construction, all the groynes along this coast are on a tmiform local ^n,

consisting of two parallel rows of small round oak piles driven down about haU



BATE OP EROSION OP THE SEA-COASTS OF ENGLAND AND WALES. 915

their length through the sand and shingle into the clay battering on the outside,
their heads inclining inwards towards each other and nearly meeting, the intervening
space being filled with rough Kentish ragstone^ the piles in the longitudinal
direction of the ^oyne are driven close together. Similar piling is used for pro-
tecting the margins of the stone slopes.

Where longer and loftier groynes than usual have been erected for.the protection
of projecting points, such' as the west end of Neptune Terrace, or for a particular

' purpose, like the hotel-groyne, outer steps have been formed by rows of smaller piles,
driven sloping and parallel with the inner piles, and filled in with stone, forming an
outer ledge, sometimes constructed to windward, sometimes to leeward, and in the
case of the hotel-groyne on both sides. The large groyne at the east end of your
property has six parallel rows to leeward ; the single and ordinary construction of
groyne is generally from 2 to 3 feet above the shore, which is usually 12 inches
higher on the east side than on the west. The short groynes have a fall of from
7 to 1 to 10 to 1, i.s., taking the slope of '.he beach, the larger groynes are at their
outer ends correspondingly more easy in inclination, being as much as 30 to 1, and
-even more corresponding with that of the foreshore.

, There are some cases where, from this recession of the shingle, or from the pecu-
liarity of position, like the groyne at the ei-d of Neptune Terrace, the groynes are much
higher above the shore. The above, however, is the medium where the wall, shingle-
slope, and grejmes are in good order; in other cases, as at the east end of these
defences, where the shingle has :.ccumulated, the groynes are not much above its

surface. The prevailing mode appears to have been to run them out at right angles,
or nearly so, to the length of wall they appertain to, and consequently presenting
varying angles to the prevailing wind, with spaces or bays between of from one-half
to one-fourth their respective length of groyne. In some cases the ends of the groynes
have been connected together, with the object of retaining the shingle on the recoil ;

and in other cases triangles have been formed within the bays by two inner and
shorter groynes running out at an acute angle from the roots of the main groynes, and
meeting and forming an apex seaward, apparently with the same purpose—viz., to
retain the shingle on the return wave. This may be seen at Cheney Point, where,
however, these artificial works are so close together—in one case two groynes cross

each other at an angle that it becomes almost an artificial slope.

In the two plans proposed for the repairs and extension of your groynes the
principles of construction hitherto followed have been adopted, and differ only as to

the number, extent, position, and direction of the groynes. The aggregate length of
work in each case, and consequent cost, are nearly the same.

The plan proposed by Major Nugent last October recommended the elongation,

in certain instances, of existing sound groynes, and the introduction of new inter-

mediate groynes, this view, no doubt, being encouraged by the favourable state of
the beach at the eastern end beyond Cheney Point.

In this plan the groynes are nearly parallel to each other, from the east end to
the hotel-groyne, and at right angles nearly to the mean line of high water. Those

' opposite the recess, between Neptune Terrace and the return end of the stone wall
near the windmill, are about 63 feet apart on an average, giving bays of about one
third themean projection of the groynes ; thence to the hotel-groyne the bays average
.from 82to 33 feet in width, or from one fourth to one fifth the projections. Under the
lee of the hotel groyne four g;roynes were proposed to be placed in a radiating position

from a common centre, about 90 feet north-cast of the outer end of the hotel-gro}mc,

the bays between these groynes having a mean width of 45 feet, or about half the

mean length of these radiating groynes, the Itc '•tern one of which would be detached
froi^, the shore at a very acute angle in a north-easterly direction. From this point

westward to just past the path to Blue Town the groynes are proposed to be placed

parallel to the old ones, i.e.t at right angles nearly to >high-water mark, and to the

mean direction of the shingle ' full,’ dividing the shore in that extent into No. 15

bays, with a mean width of 37 feet each, equal to one third of length of groynes.

In the plan for the current ^ year, by Colonel Montagu, the length between the

.road to Blue Town and the east return of the stone wall at the mill is alone considered.

The groynes proposed are longer, and the bays wider, than in last year’s plan. In

order to retain the shingle after it has passed to the westward, the direction given to

the new groynes is in two cases more westerly, with an obtuse angle to windward and
an acute one to leeward. In a third case, the second from the west end, this direction

is reversed ;
and to aid in promoting deposit, another principle, which has before been

adopted on this sho^ (though not to the same extent), is here called in aid, viz., to
* S N 2
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have sea kants more inclined to the westward, but at varying angles ; the pr^ent
groynes are to be strengthened and extended by similar sea kants pointing upwards,
with two exceptions, where they point downwards. This form has been adopted
with the present hotel-groyne; in effect Colonel Montagu’s bays would be much
wider than those of his predecessor, but the openings to seaward would be covered or

enclosed in a measure by the sea kants. Two new groynes are proposed east of the
road to Blue Town and kants to the three existing groynes west of the hotel-CToyne,

a new groyne between the sixth and seventh groyne west of the N.B. return at tne mill

and No. 7 kants or elongations along the extern frontage generally. The absolute

length of new groyne work would be less than one-half that proposed in the first

plan, but as some of these are treble groynes with two windward ledges, equal in
extent of work to rather more than two ordinary groynes, and as a certain portion

have one windward ledge, equal to rather more than one and a half common groyne,
the absolute length of groyne work, i.e., piling and stonework, will be nearly doubled ;

so that, considering the larger piles entailed, there would be no great saving in the
amount as compared with the plan of last year.

This plan abandons the defence of the east recess, but the first plan would not
now meet the requirements of that length without (to carry out its principle of
continuous groynes) the addition of six new groynes in lieu of the old ones, which
have continued to go to decay, and which are now too far ^seaward* of the shingle to
be of servic .

I beg now to report, after a careful examinatftn of the shore, and consideration

of these plans, that I recommend the erection of three new groynes west of the hotel-

groyne, viz., one opposite the end of the road to Blue Town and two others cast of
this, with intervening spaces or bays of about 126 feet up to the present third gproyne
west of the hotel-groyne

;
that these groynes should each be 160 feet in length

; that
for two-thirds their length— viz., 100 feet—they should bear N.E. by compass, which
would be at right angles to the general trend of the shingle at high water between
Cheney Point east and Garrison Point west, but presenting a slightly obtuse angle
windward—viz. 98°—to the immediate length of wall they would front

; that the
extremities for 60 feet in length should be 46° more westerly in direction, or due
north by compass, forming a sea kant ; not that I think these kants collect or retain
the shingle, but that they assist very materially in raising the foreshore by promoting
a deposition of sand and defending the bays under their lee ;

that the main length of
groynes for the straight portion should be laid at a slope of about 10 horizontal to J
vertical, the south ends or commencements at the top level with higii water, spring
tides, and that the sea kants should be laid at double the above inclination—^viz. 20
to 1—kept not more than 18 inches above the foreshore, and the main groyne not
more than 3 feet above the mean level of the neighbouring shore; if the above
inclination cannot be readily got, one of from 7 to 10 to 1 may give that elevation;
that these groynes for the centre 60 feet should be formed of four rows of piles and
three widths of stone, the eastern ledge thus formed to be 1 foot below the summit of
centre width, and the inner or western ledge 2 feet below the same, and that the
sea kant should have one outer or N.E. ledge 9 inches from the suqimit of said,

kant ; that the existing groynes should be repaired where necessary
; that the third

groyne west of the hotel-groyne should be lengthened to 100 feet, and that its sea-
wa^ half should be strengthened by a windward ledge, and where the shore is low
(but not otherwise) a leeward ledge also, and that it should have a sea kant of 60
feet added to it, constructed the same as those of the new groynes; that the second
groyne west of the hotel-groyne should be treated in the same manner; that the first

groyne westward of the hotel-groyne snJuld be left as at present with any necessary
repairs ;

that the first groynC'^east of the hotel-groyne should be lengthened to the mean
length of the three eastward in a N.E. direction, with a windward ledge ; that the
three groynes eastward should be merely repaired and strengthened as before; and
that the next groyne eastward and each alternate groyne subsequently should have
sea kants bearing north—viz. the third, fifth, seventh, and ninth groynes from the
eastern groyne at the retuim in the wall.

The breach in the stoae wall commencing about 40 feet east of the road to Blue
Tewn, and extending about 100 yards eastward! should be made good ; and I recom-
mend that, as so g^eat a length has been breached, a much easier slope—-say
double ^hat of the present wall—should be adopted, in order to try its effect on this

length ; it might be rounded off to meet the present work at the sides, the sea
margin to be carried well down under the foreshore and finished with a deep trench
and footing of large stones, the large stones being selected for the lower part the
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slope for two-thirds of its width, and the widening of the bank to be done with well-
panned clay in thin courses.

In other bays, where the margin of the slope has become undermined, it sliould
rweive immediate attention; and in such cases I should recommend the exten-
sion of the slope seaward at an easier inclination, to be carried well under the
foreshore, with a footing as before described.

In front of the east recess I recommend the construction of one groyne precisely
similstr in direction and construction to those just described, about 116 feet east of
the east return in wall, or one third the frontage of the recess eastward of the
east groyne. A good deal of the wai.te cn this portion of the frontage—which,
however, can only be regarded as local—has been caused by the great height of the
groyne at the end of Neptune Terrace. The effect of tlio groyne I propose may
induce an increase of shingle, but my opinion is that ultimately it will be necessary
in future seasons to take further steps for the protection of the east end of your
frontage ; and I consider that a stone slcj'o immediately behind the shingle, to pre-
vent its retreat further inland from the angle of the present stone slope to the end of
the groyne at Neptune Terrace, would be the best remedy.

Before concluding, I beg especially to <lraw attention to the general condition of
this shore, and beg to repeat the remark#! made in a recent case where I had the
honour of reporting to^our Board, that this is to a great extent a landowners^
question, and that there are practices going on all along the shore of the most
suicidal character, and in some cas is quite stultifying the measures taken for defence,
arising from each owner merely looking to his individual interest and to the limited
frontage under his control, accounting, perhaps, for the irregularity of the walls and
Varying directions of the groynes. The quarrying of cement-stone on the opposite
Essex shore has been loudly complained of in reference to Harwich harbour. The
mode in which it is taken from this shore at low water, over the enormous extent
then exposed, can hardly be complained of

; but the indiscriminate cartage away of
shingle and sand from the spit running out at Cheney Point at low water, and along
the shore to the westward, cannot be too soon put a stop to ; but whilst it is the
custom of your Department to remove material from Garrison Point it may be difficult

td |)revent others to the eastward removing similar material from their frontages.

No doubt the removal of shingle from Garrison Point produces less harm, and it has
arrived at a point from whence it is desirable it should not extend itself to the
westward. I do not, however, think that the manner in which this spit extends
itself—similar to other like formations—threatens the Dockyard, for it is increased
seaward by parallel ridges or * fulls,’ which would, as they increased, extend them-
selves eastward, and any abstraction at the western end must, if that yiew bo correct,

be a loss eastward.
On the other hand, what is abstracted eastward cannot pass westward, and robs

that quarter; so far, it is a relative question of quantity. The two cases are,

liowever, really very different. I understand that the shingle has usually been taken
from Garrison Point, where it is highest, largest, and in greatest mass, and conse-
quently least missed

;
but at Cheney Point, whilst I was there, carts went down at

low water and removed material from the shore, where it was most wanted for pro-

tection, Great mischief is, no doubt, being done, and this indiscriminate and
dnjudicious mode of removing tliis material for immediate gain appears to me most
hurtful to all interested in the neighbouring foreshores, and even to the prospective
advantage of the owner, who, however, if this be a public injury, can, I take it, be
stopped in these operations through the ^yoods and Forests Department. And I

may in illustration refer to a recent case at th ' mouth of the Humber, where, by the
indiscriminate removal of pebbles from the S^purn Point, for ballast and other pur-

poses, a breach has ensued, which has resulted in a very heavy expenditure in works,

Which might have been avoided had attention been drawn to the matter earlier.

This particular case attracted considerable attention in the House of Commons in a
Decent Supply debate.

I feel that, viewing the mere letter of my instructions, this may appear a very

lengthy report; but I felt it impossible to give any opinion on the particular subject

referred to me without reporting on all the attendant circumstances that must so

materially affect an inquiry like this.

Having had sur^'eys of the foreshore placed in my hands, which I verified, to a
pertain extent# by taking bearings on the ground, as also cross-sections of the beach,

l<did not consider it necessary to prepare any additional plan, but have merely
appended imme marginal sketches, which, with a reference to the plan of July 18#
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1867, by Colonel Montagu, which I herewith return, togetlier with Major Nugent’s
plan of October 29, 1866, will be, I think, suflSciently illustrative of my meaning.

1 am. Sir,

Your obedient Servant,

(Signed) J. B. Redman.

3. EASTBOURNE CIRCULAR REDOUBT SEA-DEFENCES.

To Lieut,- Cohynel Owen, R.E.

5 New Palace Yard, Westminster, S.W., December 24, 1857.

Sib,—On the 26th ultimo I was favoured at the War Office with your instructions

to report after inspection, for the information of the Secretary of State for War, what,
in my opinion, would be the best course to pursue in repairing the damage done to
the breakwater at the Circular Redoubt by the gale of October 7 last, and for the
future maintenance of this work.

For this purpose I went down to Eastbourne the evening of the 1st instant, and
had the opportunity of inspecting these works during the low spring tides of the
2nd and 3rd and the morning of the 4th ’u^^., as well as seeing the effect of the sea
upon them, as there was a fresh breeze from the southward,,and we'stward, with a
heavy sea at high water during the whole time of my visit.

Captain Ba'.llie, who met me on the work uh »ay first inspection and on other
occasions, afforded me every information I could desire.

The length of coast under consideration consequent on the projection of Beachy
Head bears N.B. and S.W., but I have thought it more convenient to speak generally
of the points under consideration as being east or west of each other in reference to
the general direction of the south coast unless otherwise specified.

It is hardly necessary for me to dwell at any length on the various evidences
there are to show that the sea has continued to encroach for some years past from
Beachy Head westward to Langley Point eastward, or how it has resulted from this
that the defences at the Circular Redoubt form themselves into a projecting point as
the shore has receded east and west of it

;
very similar in effect to Sandown Castle',

on which I had recently the honour of reporting to your Department, all this being
clearly shown in Captain Baillie’s surveys, with copies of which I was furnished and
had with me to aid me in this inquiry.

To the westward, along the frontage of the * Sea-Houses ’ at Eastbourne, it has
been for some years a contest with the elements, the source of constant outlay, and,
from the state in which the foundations of the sea wall are now in, exposed as they
Irnve been at low water by the withdrawal of shingle produced by the late easterly
gales, this outlay is likely to be very much on the increase, without a re-accumula-
tion of shingle quickly takes place.

In the bay, between the esplanade and the Circular Redoubt, the recession of the
shingle is evidenced by the proposed abandonment of the present coastguard
station. Immediately west of the Redoubt there is a tolerable ‘ full ’ of beach,
which, however, has travelled landward, as evidenced by the hardness of the lower
slope and thinness of the shingle and amount of sand, and also by the abrasion of
the old glacis slope, some of the turf from the serrated edges of which I found lying
on the beach below during my first inspections. Nor has the west timber revetment
been extended far enough to the westward effectually to guard against this.

On the east side, the recession has been checked by a concrete revetment wall,
which appears to have answered the purpose, having been erected half a dozen years
back, and the shingle is still seaward of it.

The effect of this land recession is—^the continuity of the shingle mole is

destroyed, the artificial works for the defence of the Redoubt cutting through it; and
there is coni^uently deeper water immediately in front of them east and west, ren-
dering the collection of shingle in front by groynes more and more difficult, as well
as the maintenance of any artificial works, from the increased depth of water.

It appears, from plans belonging to your Department at Eastbourne, that in 1805
the sea at high water was 120 feet seaward of the inside line of the counterscarp-
wall, or 250 feet from the centre of the redoubt. In 1808 these dimensions werc^
relatively 90 feet and 223 feet, showing a wasting of the shore of from 27 to 30 feet
in three years, equal to from 9 to 10 feet per annum. Referring this comparisem tO'
Captain Baillie’s survey on the east side of the redoubt the difference would be
238 feet in 49 years, equal to one-half the former degradation, viz., ^ feet per
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annum. On the west side it would be still less, viz., one-third the amount that it is

on the east side, viz., 1^ foot per annum. It would thus appear that the recession
of the shore line was greater over former terms of years, or that the artificial works
at this particular frontage have kept it in check. The effect of the Redoubt and its

works is, like that of a groyne, to keep up the shore westward. Were these works
abandoned the shore west would recede accordingly.

Surveys by the same authority (Searle) in 1808 show the degradation of the shore
as fai^as Langley Point.

No. 72, Martello Tower, the one adjoining the Circular Redoubt, was removed
some years since, consequent upon the encroachments of the sea. No. 71 has
apparently been underpinned with stone, and is also protected by a grojme to the lee-

ward as regards the prevailing westerly winds, viz., to the east, which has piromoted
an extension of the shingle in that immediate neighbourhood. In 1808 high-water
mark was 176 feet from the centre of No. 70. It is now 36 feet from it, equal to
140 feet recession, or nearly 3 feet per .nnnum. No. 69 was 196 feet, and is now
60 feet, giving the same amount of degradation

; and the old fort between these
towers, which was dismantled some sixteen years since, had 60 feet of beach seaward
of the most salient angle at high water-mark, which latter is now in a line with its

centre, or 140 feet back as before. The dpgradation of the shore west of the point is

also shown by the exposure of about 3 feet of brickwork below the mastic with
which these towers were coated two years back.

No. 67, on the other side of tb . Point, had 170 feet, and has now nearly the same,
showing that the degradation is confined to Eastbourne Bay, and ceases on the west
side of Pevensey Bay. The east fort had 86 feet on the outside, and has now nearly
the same.

No. 66 had 170 feet, and has now 200 feet, showing that there is a local accumu-
lation northward of the point, but this appears to cease to the eastward.

No. 66 had 108 feet, it has now the same
;
and Nos. 69 and 60 had 160 feet in 1810,

and now have much the same.
These facts are sufficient evidence of the continued abrasion of the west shore of

Langley Point, which at a former period extended much farther westward, as also

a much greater distance into the sea. This has had a corresponding effect along the
frontage of Eastbourne Bay, but I do not think, on comparing the results with those

obtained some ten years since for another purpose, that there is any evidence that the

Encroachment has been materially on the increase in the neighbourhood of the Redoubt
of late years, but, on the contrary, that its rate has rather diminished or been held in

check as along the frontage of the town by works of ai*t.

The present low state of the shore in front of the Redoubt appears to be due to

the late easterly gales and consequent withdrawal of the shingle. As the latter can,

however, only be regarded as a fluctuating medium of defence, it will be well to

take the level of the shore as I found it as a datum for laying out any future works.
The two west bays I found lower than usual, and Captain Baillie informed me he had
never seen them so low as during my visit, and the breastwork was consequently
more exposed than when he made his report. I found the west timber revetment at

the west end and at the ninth groyne 2 feet above the shingle, at the centre of revet-

ment 6 feet above, and at its east end 6 feet 6 inches above ; the south-west angle of

the bulwark 3 feet above ;
the bulwark at the eighth groyne near the west end 6 feet

above, at the seventh groyne 6 feet 6 inches above, at the angle at sixth groyne
9 feet 3 Inches above, at next angle 8 feet 3 inches, at angle west of fifth groyne
6 feet 6 inches above, and east of fifth groyne 5 feet 3 inches

;
thence running up

eastward to level of bulwark, where it continued to gather during the latter part of

my stay, until it stopped and ran over the south-east angle of the bulwark into the

next bay.
It appears that usually the west bay revetment and west end of bulwark have a

bed of shingle in front, which was, during my inspection, as will be seen above, very

low, but was again accumulating. The recent abrasion on the east side is shown by
the east groyne being visible, as it is usually buried in shingle. ^No. 2 groyne is also

usually more covered. No. 4 groyne appears usually to have a good supply on each

side, but the great accumulation appears usually to cease, at the angle here. Captain

Baillie proposes a new groyne, but even here it appears that the face of the breast-

work is not usually exposed. The most exposed point, as might be expected, is the.

salient angle at groynes Nos. 6 and 7.

V,. The shore fronting the redoubt may be said to be divided into eight bays by
Ko. 9 groynes, throwing out of consideration the more ancient and dilapidated ones^
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East of the artificial works the shore» as before described, and as may be seen by
referring to Captain Baillie’s survey, recedes suddenly and the crest rises, as in other
similar situations, being higher than any accumulation at the Kedoubt,as at Sandown
and elsewhere. East of No. 1 groyne there are 10 naked piles, the remains, apparently,

of an old groyne, exposed by the withdrawal of beach caused by the late easterly gales.

No. 1 groyne is lower than those to the west. It points in a S.S.B. direction, and
is well backed up with beach, extending to within a few yards of the end of it.

No. 2 groyne is constructed with an offset, or kant. The landward length i)ear6

S. 7® E., and the seaward length S. 6° E. The inclination of this groyne is good, and
it has a compact mass of shingle well up to it>within 18 inches of the top, extending
about 30 feet beyond the kant. Eastward the shingle recedes, and is only just beyond
the kant.

No. 3 is an old dilapidated groyne running transversely across the bay between
the two kanted groynes (Nos. 2 and 4) in a direction S.S.E., 2^® S. The shore between
this and the new groyne (No. 4) was 6 to 7 feet below the latter, which is also con-
structed with an inclined offset or kant like No. 2, the land length bearing S. 8° E.,

and the sea length S. 9° E. The effect of this groyne has been to form a local accu-
mulation of shingle, heaped up from 4 feet to 6 feet higher than to leeward, but
quickly declining to the westward, as l^efore described, running over the S.E.
angle of the bulwark, whilst the return of tlie latter was 5 feet above the shore to
leeward, the margin of the shingle extending to within 30 feet of the kant.

To the ea^'tward of No. 6 groyne the shiijgl%was 6 feet below the bulwark,
whilst in the same bay in so short a distance it was running over the top of it at
the east side. This groyne bears S.S.E. 1^® S., and had a tolerable ‘full* against
it 3 feet higher to windward than leeward, but decreasing very much in breadth sea-

ward, the bay east of it being low and bare, composed of fine shingle and sand ;
the

beach in this bay, the widest of all, immediately west of the breach narrows and
draws in suddenly with a curve, due to the projection of the breakwater. There are
the remains of two old groynes west of No. 6, which I have not numbered, the piles

of which are subsequently found running up through the breached work of the
breakwater. The stumps of three ancient groynes may also be seen on the foreshore
towards low water about the centre of this bay, and similar remains may be traced
at top through the beach near the breakwater, standing evidence of the encroachment
of the sea.

No. 6 groyne is much decayed. It bears S.S.E. 2^® S. There is a fair amount of
shingle against it, but not extending far out seaward. No. 7, which is in better
order, extends in a S.S.E. direction, and had beach apparently increasing daring my
visit about 2 feet higher to windward than leeward.

No. 8 groyne was much ruined
;
also in a S.S.E. direction. The beach was evi-

dently gathering here again on the morning of the 4th inst., as the west timber
revetment and west end of breakwater were then only from 18 inches to 4 feet above
the shore, and there was a good supply of shingle in the west bay, and it appeared to
be again growing up west of the west groyne No. 9, which bears S.S.E. 2^® S., but
which is much out of order, particularly at the end.

The effect of these groynes is, as elsewhere, to cause an accumulation of shingle
to windward, as regards the prevailing wind, with a corresponding depression lee-

ward, the shingle sloping down to the west. This is shown in a remarlmble degree
at the new groyne No. 4, on a line with the east margin of the breakwater, where
the beach was 7 feet higher, during my visit, to windward than to leeward ;

and the
two north-east groynes beyond this are much lower than the new groyne.

It would be well to keep up the existi^^^g groynes at the landward ends near the
breastwork, where they, no doubt, promote a retention of the shingle, but I am not
inclined to recommend a great expenditure in extending this system. The site

pointed out by Captain Baillie is, no doubt, a good one, if a new groyne be erected

;

but in that event a length equal to one half that of the new north groyne would, 1
think, be sufficient. The effect, when the continuity of the natural mole of shingle
is destroyed by its own recession and the consequent protrusion of a work of this

kind, is that no more than the lower * full * can be retained, and the beach travels

onwards and landward, irre^ctive of the groynes.
A pier erected northward and eastward of these defences might arrest a large

quantity of beach, but would be nearly as costly as maintaining the breakwater, and*
the work^ to leeward towards Langley Point might suffer correspondingly. With the
problematical results that may be anticipated from any extension of the system of
groyning, I am disposed to recommend the maintenance of the breakwater.
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I have directed my attention to three modes of protecting this work, viz., by an
extension of the system of groynes, the abandonment of the present breakwater, and
the construction of an inner sea wall nearer the redoubt, intersecting the counter-
scarp wall, and the strengthening and maintaining and extending the present sea
face, and am induced to recommend the latter course.

There are, however, it appears to me, serious defects of construction in the present
breakwater, and I will first describe the state in which I found it, and what appear
to mei*to be the causes of its failure. These my inspections will enable me to do, as
the western or southern half remains e>»tire, and tlie eastern or northern half has
been breached over almost its entire surface, exposing to view the debris of former
defences, on which the present have been founded.

The glacis of the redoubt appears formerly to have been formed of shingle and
earth coated with clay and grass-gro’./n. As this became abraded by tlie sea, con-
sequent on the recession of the shingle, a system of defence was adopted known along
the coast as ‘arming,’ faggots being driven down over the surface of the slopes,

holding down w^atlings by means of overlaths. Many of these old and decayed
faggots may be seen at the present time in the breach, and this is^one of the defects
of this work—that succeeding defences h ive been added and placed above the old
ones without removing them or obtaining c- sufficiently solid base. As these old works
have decayed they have subsided and left vacuities under the modern works. This
remark applies to the timber wharflng or bulwark of the apron or breakwater erected
so recently as the summer of ISod'jf formed of wliole timber piles 22 feet long, which
are now, in places, exposed nearly half their length, driven 4 feet apart alternately

in front and to the rear of 4-inch horizontal planking, backed with 4 feet of block
concrete, the outer piles being held back to land-tie piles only 4 feet back in the
rear of the concrete ; and it appears that behind all there is an old timber breast-

work, The angular space between the old slope, the outer breastwork, and the surface

of the present slope is formed of shingle covered with concrete, which receives the
stone paving or brickwork, as it may be. Through this shingle substratum the sea
must percolate freely. This is seen now at low water by the great quantity of water
running out through the bulwark and gulling out a small run of water across the
ahore just east of No. 5 groyne, which has previously been penned up after high
water in the breached portion. When the general character of the work is consider^,
the constant infiltration of the sea has been one of the causes operating in producing
settlement, in addition to the decay and subsidence of the materials of former works

;

add^ to this, the timber breastwork, when exposed to the impact of the s6a towards
high water by the removal of shingle usually lying against it (which is its present
condition, consequent on the late easterly gales), is not of a nature to resist effectually

the enormous force brought to bear immediately against it, which, during my visit,

caused a sensible vibration through the whole mass of the breakwater, and threw up
a column of water about 30 feet high. Where the bulwark projects above the shore,

an overfall is created on the receding of the wave, tending to scoop out the shingle.

This applies to the east and west ends. Where the shingle is level with the top at

the south-east end the sea runs over without breaking. The brickwork forming por-
tions of the slope laid in the summer of 1856 is much worn frond the abrasion caused
by the shingle dashed against it at high water, and the concrete slope above appears
very doubtful, having apparently swelled upwards in places, and sounds quite hollow
to the tread. The manner in which the breastwork springs or yields back and then
forwards, consequent on the removal of the shingle in front of it, by which the weight
of the material of the glacis is brought to bear against it, has been well described in

Captain Baillie’s report. This produces a loose..mg of the stones of the slope at the
joints, which are subsequently readily removed by the S'.'a. During my. visit, by the

settlement outwards of the breastwork, the main longitudinal joint between the
marginal stones and pitching required pointing^ as also some of the main longitudinal

joints up the slope ;
and along the south-west frontage the coping stones had settled

vertically, leaving the brick projecting, and which may thus be readily under-

mined.
Where exposed, the breastwork is being strengthened at the most projecting

angles seawaid by open piled and braced counterforts, to counteract the tendency it

appears to have to settle outwards consequent on the removal of the shingle. The
satne thing has tideen place with the old south timber revetment, which has settled

outwards, and is much out of line with an intervening space between it and the con-
crete bacUng. It is possible that the free admission of water into the foundation of

this work, the paving having clos# joints, with a homogeneous body below for a
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certain depth forming the surface of the slope, has been one cause of its failure, as
has been the case in other works where a paved surface not admitting the passage of
the sea has been placed on a substratum which docs. The result is, a hydro-
static pressure is evolved by the difference of height of the wave outside compared
with the level of the water inside, which is comparatively at rest, tending to raise

the impermeable work forming the surface of the glacis, which, aiding the wave on
the recoil, may be one of the destructive agents at work. In the present case this is

to a great extent conjectural, and I am more inclined to think that the settlenrfint of
the breastwork and inner work, and the consequent loosening of the surface work
receiving the direct impact of the sea, are thb more immediate causes of its failure.

The best mode of protecting the Redoubt effectually is the next question, and is,

no doubt, a difficult one. The foreland along this shore is not of great extent, and
from the way in which it has been deepened in front of the Redoubt, the tide, when
once it makes, is soon over its surface, and would quickly gain on any outer works,
increasing the difficulty and first cost of construction as well as that of future main-
tenance.

There are two modes by which the sea defences might be extended : first, by con-
tinuing the slope from the top of the bulwark down to the foreshore

;
and, secondly,

by an entire reconstruction ; the latter oi'which courses I beg to recommend, as the
present height of the bulwark is. so great tliat to carry out s^sca slop’efrom that level

would entail a much larger surface and mass of work, and would bring it so near low
water as to render it almost impracticable, or <ilse a very steep slope would be
required. In carrying out this work it would not be necessary to remove entirely the
bulwark, but to pave up to it and to cut off so much of the piles as interfered with
the level of the proposed slope. The work seaward of its -present extent should be
formed of much heavier blocks than those now used, laid dry upon a foundation of
broken stone or shingle mixed with tempered clay above; where less influenced by
the tide, on concrete. The main groynes should be repaired at their landward ends,
as they would form convenient ba3^s for getting in the work, as well as limit the area
of damage should breaches hereafter occur.

The sea margin of the elongation of the slope should be formed of still larger
stones, stepped do\vn in a trench and founded as before described. To render the
sea slope more secure, I propose, in addition, that there should be longitudinal and
transverse crosses or walls, as shown in the drawing. These should be founded on
work in trenches, as described for tlie toe or sea margin of the slope. They would
have the effect of limiting the area of future breaches. The upper portion of the
slope might be continued, as occasion required, to the profile shown in the accom-
panying section.

In doing this, the remains of old work should be first removed, and I am of
opinion that the sea should be allowed to give its own slope to the debris over the
breached portion, and that it should be left to settle during the winter, and if the
breach extends itself vrestward such further exposed portions should be treated in
the same manner, the interstices to be filled in with broken stone and materials from
the old slope, and all old timber and faggots removed

;
the slope to be then gra-

dually brought up, edmposed of well-tempered clay, mixed with shingle and broken
stone. Shingle itself without such admixture appears to me a most unfit material,

from its character, to form the base of such a work of, for, unless in equilibrium or
closely confined, it will settle down and run out like water through any outlet formed
by a breach or otherwise. The existing groynes should be repaired near the bulw^k
as far out seaward and as high as the beach usually collects. Any greater extension
or elevation appears to me useless. ^

A small ^oyne where proposed by Captain Baillie would, in all probability, prove
a useful auxiliary, say 90 feet long

; but instead of placingthe entire length obliquely

across the bay, as suggested by Captain Baillie, I propose that for two-thirds its length,

viz., 60 feet, it should point S.S.E., and the remaining third, viz., 30 feet, S.8.W., ias.

shown.
The extension of the breakwater beyond the present bulwark I estimate would

post 3,000/. ; the work above, 2,000/. ;
making a total of 6,000/.

I return herewith Captain Baillie^s plans and sections (No. 3 sheets). On two of
them, descriptive of the Redoubt, I have marked in red the numbers and bearings of
the groynes as I have distinguished them, and also the levels of the bulwark above
the shore. I have the honour to be. Sir,

Your very-ob^ient Servant, •

^(Signed) J. B. Bbdman.
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Appendix.

Regale of October 7, which caused the breach in the breakwater, commenced
from S.S.E. and veered subsequently to S.S.W., from which quarter it continued the
following day. During the rest of the month it blew alternately from the westward
and eastward, slightly in excess from the former quarter ; but during the month of
November there was an unusual amount of easterly winds, and from the middle to the
end ofq^the month strong gales from that quarter were experienced.

Since my first inspection of these works the wind has been entirely from the west,
the continuous east wind in November uccounting for the extreme lowness of the
beach during my survey, and the change of wind producing re-accumulation.

4. SANDOWN CASTLE.

To the Secretary of Statefor War.

6 Now Palaco Yard, Westminster, S.W., October 11, 1860,

Sib,—^Your instructions of August 11 last directed me to report

—

First, on the practicability of permanehily maintaining the Castle even though it

were entirely separated from the shore on ^ther side of it.

Secondly, as to the mode I should propose to adopt for this object ; and
Thirdly, as to the probable cost of such an undertaking.
With this view I visited the spofe the morning of the 17th ultimo and repeatedmy

inspections the three following days, and was certainly not prepared for the great
change that has taken place since I reported four years back, in 1866. In that report

I detailed at length the then condition of the shore, illustrated by an accompanying
plan from Sandown Esplanade to Battery No. 1.

The beach has continued to retreat and gain on the shore, as this latter is washed
away. North of the esplanade and between it and the windmill the edge of the
bank that crops through the upper shingle ‘ full ’ is now considerably behind the line

of the esplanade railings with which it was in a line in 1 866. The foreshore northward
is thinner, and although the South Castle groyne and timber revetment hold a cer-

tain quantity of shingle in check, which, however, was recently scoured away and
has since re-accumulated, and is, indeed, as higl\ at the soutli groyne as in 1856, the
condition of the shore northward is altogether altered.

I may state generally that towards the western ends of the groynes the shore has
lowered to the following extent : at the south intermediate groyne it is on an average
3 feet lower

; at the centre groyne, the western end of which for 30 feet in length
next the Castle has disappeared, the shore is 4 to 6 feet lower ; at the north inter-

mediate groyne 3 to 6 feet lower
;
and at the north groyne 8 feet to 13 feet lower.

Indeed, this work had been left hanging up, as it were, at its landward end until

upset by the fall of the north moat revetment counterscarp wall, the shore being
washed away down to the very pile shoes, and the same remark applies to the north
timber revetment, from behind which the shingle has been scoured out vertically for

a depth of at least from 12 to 16 feet, leaving a clean section of sand-hill 12 feet in

height fronting the sea, where formerly existed a shingle mole
;
and 16 feet in height

of the old moat-wall is also exposed.
All the old * fulls ’ of beach north of the north groyne are gone ; they appear to

have gradually decreased for the last three years, but a * full * of beach level with the

top of the north timber revetment, now entirely isolated, existed, it appears, six

months past ; the mark, indeed, may be seen on the adjoining moat wall, the shore is

now 12 feet lower, and what shingle there is,' ii^ariven landward. Northward of this,

towards Battery No. 1, the degradation of the shore has been almost as remark-
able, and the sand ‘ dunes ’ now crop for continuous lengths through the shingle mole
(“Wliich is now much thinner and further inland), and not in isolated patches aa

described in my report of 1866. The effect of this has been the almost entire de-

i^truction of the sea works of Battery No. 1.

The result of this remarkable lowering of the' foreshore immediately under the
Castle, consequent upon the disappearance of the mole of shingle northwards, has
been the continued and increased exposure of the base of that work ;

and although

vluriouB attempts have been made to underpin the footings, the main Castle-walls,

f]^m numerous appearances therein, appear to have received some amount of injury

from the constant percolation of water under the foundations, and the withdrawal
thei^efrom of the same on the recession of the tide causing the loose sand to be drawn
away from below the hard crust of sand on which the edifice immediately rests, and
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which, on exposure to air and water, by degrees assumes its original character, only
showing more plainly the danger to which the structure has been subjected by this

continued exposure.
The result of the great recession of the shore north of the Castle before described

and delineated on the accompanying plan is that the sea eddies round the buildings
which at high water forms a kind of point or headland, and the sand is scoured out
from under or before the Castle walls: this great decrease in the height of the fore-

shore has not only induced tlie permanent loss of beach from its not re-accumu'i'ating

at a level so much below high water, but the sea also much sooner reaches the
Castle walls, rendering the difficulty of constrhetion of any permanent work of defence
greater year by j’ear. Another result of the lowering of the shore and loss of the
shingle barrier is that the Castle walls are much sooner reached by the tide, longer
subject to its influence, and that the footings are gradually more and more under-
mined, and the sand crust on which they rest exposed in the same degree, and that
the body of sand below is more saturated, and a larger amount is withdrawn by the
tidal recession. That the sand is highly charged with water under the Castle is shown
by the manner in which it pours from under it over the foreshore at low water, and
the manner in which it boiled up from under the footings in the trial holes that were
sunk for their examination, when none wafe. to be seen coming in from the opposite
side. The result of this constant saturation beneath the foiwidations*and withdrawal
of water therefrom in such a material as that on which they are founded is evidenced
by the numerous Assures in the outer main walls oHi the building, in the piers therein
and in the basement gallery walls ; still former Assures existed of considerable stand-
ingof which many of the modern ones are merely an extension. Similar indications
of settlement may also be traced in the upper embrasures, though these latter may
be attributable in a degree to the age of the building and causes producing vibration.

The settlement of the main building is shown by a Assure around the small
window in the keep staircase turret; those in the basement walls may be traced all

round, and appear worse next the sea. Some are older than others, and have been
pointed up some time back. The more recent settlement is shown in places by the
breaking of the Caen ashlar stones where the bearing is unequal. The vertical settle-

naent is also shown by the bridge from the ramparts to the door into the principal
room of the keep having altered its form ; many of these indications are, however, of
considerable standing : this may be remarked of the basement, especially on the land
aide.

There are Assures in the footings of the south revetment or counterscarp wall in-

dicative of settlement and an outward movement similar to that causing the failure

of the north wall.

The natural result of the withdrawal of so large a quantity of the sea barrier

immediately from the base of the north moat revetment or counterscarp wall has been
for the last six months to gradually undermine it from the seaward and to carry the
sand away by degrees from under it by the underdraught of water from the moat on
the recession of the sea. The wall, which had cracked in various places, fell over in
three detached masses, leaving two large breaches for the sea to enter by on the
11th ultimo, just as the brick wall of Battery No. 1 had previously fallen from similar

causes.
If the Castle is to be maintained something must be done immediately.
In the Arst place, I recommend the removal of every remaining timber of the

north groyne, north intermediate, and centre groynes, and of the north timber revet-

ment from its present site.

The south intermediate groyne, south groyne, and south timber revetment to be
retained for the present, as their removal would entirely alter the condition of the
shore southward.

In reference to the above remarks and those that follow, I beg to refer to the
plan accompanying my report of 1856, also to the enlarged plan of the Castle and
adjoining frontage, showing the proposed works accompanying this report.

I next recommend the immediate construction of a sea barrier across the moat
from the outer or N.E. cuxve of the N.E. tower to the angle in the moat, retaining
wall formed by the intersection of the two circular curves therein, such barrier having
a N.W. and S.E. direction, and includingwithin it the moat tank or drainage cesspoql.

It might be formed of the blocks of stone from the fallen north revetment wall,
backed with masses of concrete therefrom, and the whole backed up with material
procured from the neighbourhood, the pitching of the crest and back slope laid on
day paddle.
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As a farther precaution, I recommend at the same time the erection of a counter-
dam across the opening under the drawbridge to the north of the basement gallery
doorway, and near where a similar former work stood, this barrier to be continued
along the base of the drawbridge pier or causeway as hereafter described.

'The object of the outer dam would be to prevent the sea ranging into the moat as
at present, threatening, as it does, to undermine the north side of the N.E. tower,
where a height of 4 feet of the compressed or hard sand is now displayed below its

expodbd base. The north groyne of the drawbridge pier is in the same peril, caused by
the indraught of the great body of water at high water of spring tides that there
passes under the drawbridge through the . narrow opening. The effect of the outer
dam would be to arrest the travelling shingle and to cause it to form in front of it

instead of being spread over the moat.
The inner or counter-dam under the drawbridge would confine the sea to the north-

ward of it in the event of the failure or leakage of the outer barrier, and would pre-
vent the damage to the south moat reve tment or counterscarp wall, now likely ta
arise from so large a body of water getting behind it. The ill effect of this may now
be seen by the quantity of water that pours out on the receding of the tide through
the foreshore from under the Castle walls

A paved watercourse should, I thi^ik, be constructed outside the outlet pipe
through the south revefynent-wall, the scour from which at present is promoting an
undermining of the wall.

Coincident with these works I propose that the north timber revetment be retreated
and reconstructed against the sand face now exposed by tlic undermining of the sea.

The broken edge of the north moat wall to be formed to a slope to approximate
with that of the outer sea barrier in the moat, and the timber revetment when
retreated and faced with stone to form a kind of projecting pier between the two.

The exposed portions of the N.E. tower base, consequent on the failure of the
north revetment wall to be underpinned.

The heart of the sea-barrier, of the counterdam, and of the backing of the north
revetment, to be formed with clay puddle, the two former to be also furnishpd with
wooden trunks or sluices and self-acting tidal flaps of timber, say 1 foot 6 inche.s

square, hanging outwards to allow of the retreat of any tidal water that might gather
behind the same from leakage or the swell from high tides topping them.
A slope or bank of earth to be thrown up against the north side of the drawbridge

pier or causeway in continuation of the counterdam and faced with stond. This
portion of the work at present is very insecure, the stone ashlar in places being quit©
honeycombed behind into the backing.

If the Castle is to be maintained, the whole of the above works should, I consider,

be immediately executed to make it at all habitable for the approaching winter.

Should the present itatu quo continue, I apprehend the probable failure of the
N.B. main tower and the almost certain fall of the drawbridge pier.

The whole of the above works can, however, as regards the permanent maintenance
of the Castle, be only regarded as comparatively temporary in their nature.

Their cost I estimate at 8001^.

Although I submit herewith a plan which I consider will achieve the object iu

view, I feel some hesitation in recommending its adoption without first explaining
what appear to me inherent defects in the structure to be defended.

The work, looking to the date and character of the masonry, exceeding three

centuries pf age, composed of small materials, was built more as a landwork, when
there was a considerable barrier bOt vixt it and the sea, than as one to withstand the

attacks of the ocean, and was founded soixewhat superficially on sand, which, from
the stealthy encroachments of the sea, has been underi^ined by degrees—^it is difficult

to say to what extent. Not only is the work from these causes somewhat doubtfol,

but, viewing the continued effects of the sea in its present condition, it will become
more so.

If it.be determined to maintain it, I propose that hereafter the maintenance of
the moat walls and revetments be abandoned, and that the main outer walls of the

Castle be entirely surrounded by an enclosing basement wall, to be carried up
18 inches above the sills of the lower or basement embrasures, which would then pro-

)bably require to be walled up solid, as those at present next the sea now are, or at

least on the north and south sides ; this level for the top of the enclosing wall would
be the range of Mgh spring tides ; that this wall above be made nearly i^allel to the
inclined base of the Castle walls with more projecting courses below, giving it a
curve outwards, the foundation carried down to within 4 or 5 feet of low wa^ of
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spring tides, that is, vertically 16 feet from its summit
; that it be made from 4 feet

to 10 feet thick of solid masonry, in large blocks pinned and cramped together as it

progressed, and set in hydraulic cement, the largest blocks used in the base with off-

set courses as shown in the drawing. Suqh a wall would be considerably below the
present base of the enclosing outer walls of the Castle, which it might be made to
underpin in places by having projecting corbelled courses carried under and wedged
up to the same ; it would have to be got in in short lengths, and the excavated face
kept sufficiently in advance of the old walls to clear the hard sand crust in fi'ont of
the same next the sea, and the excavated face below supported by piling, caulked if

necessary, as the excavation progressed, to prevent any disturbance of the material
below the present walls. The outside of the toe of such encircling wall to be enclosed
by another parallel row of sheet piling driven down 12 feet below its base, i.e.i 4 feet-

below the level of low water. Each row of piles to be of rock elm timber, connected
by longitudinal wales, and together transversely, as shown, the excavated trench
within got out in short lengths and filled with clay puddle and concrete. The greatest
care would be requisite not to disturb the ground under the Castle walls.

To avoid this it is, as before stated, proposed to keep the encircling wall at its

base, say, 5 feet from the present footings, and pile it at the base on both sides, as
shown on the accompanying plan. «

The above plan appears to me to present the fewest possible objections out of
several that have presented themselves and been considered. To underpin thoroughly
the existing walls would be exceedingly costly and difficult, and the driving of piles

near them hazardous. By keeping the inner work in advance as above proposed this

objection would be obviated, the pile-joints might be caulked, and the areas limited
by temporary cross-piling.

This plan would, next the sea, admit hereafter of extension or widening at the
base should the shore lower still further, by the addition of another outer row of
piling, and stepping down the foundation within the trench so formed, as shown by
the dotted lines in the sections.

Or this lowering of the shore might be met by a more economical plan, viz., stone
paving on concrete and clay, forming an apron next the sea, as proposed in my report

of 1866.
In addition to the main enclosing basement wall, I propose that the moat walls

should, on the west or land side, be removed to the level of the sills of the lower
embrasures, the chalk hearting therefrom, and the material of the sloped embank-
ment to be used in filling up the moat between the N.W. and S.W. towers, as shown
on the plan, maintaining the south revetment walls and the south timber revetment
as long as possible, for the reasons before stated, leaving sufficient of the old moat
wall standing to form a pier to the drawbridge and a portion of the bank to form an
approach to the same, the masonry from the moat walls to be used as a pavement
over the surface of the moat so filled in on a bed of clay puddle ; the effect of this

would be to confine the range of the sea behind the Castle, at present undermining
the work on the N. side, where there is now 3 to 4 feet of water at high water of

springs, and it would render the basement drier if the above were done
; from one-

third to one-fourth of the circumference of the proposed main wall of defence might be
dispensed with until the sea had made further inroads ; this on the assumption that

the N. moat barrier and N. timber retreated revetment are maintained, and the shingle

forms in front of them ; should they not be, the shingle would continue to retreat, and
the main enclosing wall must then be made continuous, and any further attempts to

maintain the south revetment wall abandoned.

The total cost of the permanent works for the isolated defence of the Castle I

estimate at 16,000f. If the west side of the enclosing wall be dispensed with and the

moat fill^ I estimate their cost at 12,000f. They might be postponed until next

summer and until the effect of the more temporary measures first suggested are

demonstrated ;
the immediate execution of these last I consider absolutely necessary

for the safety of the Castle.

In order to ascertain that no . material change had taken place since my first

inspection of the 17th ultimo I again visited the Castle on the 8th instant.

I found that 96 feet of the west portion of the north groyne had been carried

away by the sea, and that a further portion of the adjoining counterscarp wall ha4
fallen, and the main fallen masses of the north revetment or counterscarp wall oh
the east or sea side leaned more over seaward, and that the fissures under the south

revetifient wall were more open. *

I also found the chalk-rubble bottom of the moat behind the breach more gulled
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into by the sea, with sand forming over the same, and a beach ‘ full ’ thrown up as
delineated on the accompanying plan, the crest of which was 18 inches below the
sill of the first embrasure east side of the north-east tower, i^., about 12 inches below
high water of spring tides. The partial breach behind the north timber revetment
and up to the sand cl^ had become filled in a degree with a * full ’ of large pebbles
collected during the prior two days. The crest of this ‘full’ was about level with
high water of spring tides, and this is the general level of the top of the upper
‘.full 'Vtowards Battery No. 1, so that the shingle mole north of the Castle is now
6 feet to 8 feet lower than in 1856.*

I have the honour to be, Sir,

Your very obedient Servant,
(Signed) J. B. Bedman.

6. DOVER EAST-CLIFF SHORE.

H.M. War Department and the Town Council op Dover.

^
To Zieut.- Colonel JervoiSy R.E.^ jJepuiy-ImpeGtoT of Fortifications^

11 Mbnebester Buildings, Westminster, S.W., May 7, 1863.

Sir,—In accordance with your instructions of the 14th ultimo, I visited Dover on
the 20th, and placed myself in communication with General Stotherd, who lent me
a sheet of the Ordnance Survey of the town, yvith lines showing the degradation
produced by the gale of December last upon the East Cliff frontage and the recent
ranges of extreme spring, tides, as surveyed by his officers, which I have had trans-

ferred to the drawing accompanying this report. The General also afforded me
every facility^ in my inquiry, by the production for my inspection of plans and
documents at Ajchcliff Fort, and by his personal explanations of the fullest charac-
ter. I attended a meeting at noon the same day, summoned by Mr. Knocker, the
town clerk, at his offices, consisting of Mr. Worsfold, the Mayor, Captain Noble,
Mr. Rees the harbour engineer, and a member of the Town Council, and Mr. Hanvey,
the town surveyor. I afterwards inspected the shore accompanied by the last-named
gentleman, and again that evening at low water, and also surveyed the condition of
the Castle jetty ; and the following morning I took the sections (at low water) which
accompany this communication, in which I was assisted by Mr. Hanvey and the men
at his disposal ; from these, and the plan, the general condition of the shore, and the
effect of the December gale, will be seen at a glance.

It appeared generally admitted at the above meeting that the Marine Parade
and Waterloo Crescent were formerly more exposed tlian now to the sea from the
S.W., the stroke of which has been projected more and more eastward as the
Admiralty Pier has been extended seaward, and the East Cliff property has been
more exposed of late years from this cause, which has been increased by the recent
erection of the harbour jetty, which, by its great height, causes an eddying of the
sea eastward, scouring out the shingle forming the natural barrier, and by which the
extreme range of the tide at high water, has, from documents placed before me,
advanced landward nearly 100 feet from off the centre of Guilford battery to the
west side of Arlington House, Bast Cliff Terrace.

The local ‘full’ of shingle seen on Section No. 1, and on the plan in front of the
esplanade, has gathered there since the gale, said to have travelled from the east-

ward from the * full ’ at the back of the Castle jetty, and of course liable to travel back
in an opposite direction. ^ »

The harbour stone groyne, or jetty, erected in front of Guilford battery, and now
drawing towards completion, takes virtually the potion, as respects the harbour
frontage, hitherto occupied by the Castle jetty, the same results being traced east of.

it as to the east of the Castle jetty, as, whatever accumulation of shingle it may
tend to promote to the benefit of the harbour frontage west of it, a corresponding

sweeping out of the shore may be expected to ensue eastward. This result took

place to such an extent during the December gale as to gully out the beach behind,
'

t

— -'— I - ! - m I. — I,

* [Mr. Sidney Herbert,then Secretary of War, determinedon abandoning the Castle,

‘it was sold, but proyed so tough a morsel that it was only lowered down to near
ground level. The portion so much written about recently was the mere basement.

.

.
.. On the abutment of the drawbridge was the monogram of the great Cecil, Earl

of Burleigh.]
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the root or commencement of the groyne, which it threatened to isolate, and which
has been hastily continued landwards by a temporary stone wall to check this
disposition the sea displayed to get behind the groyne, which, from its position and
height (9 feet above H. W. springs), causes an increased action of the sea to leeward,
and consequent recession of the high-water line to be met by other works of defence
eastward.

It will be seen by the plan that it is only the western portion of the East Cliff

property that is immediately affected by the recent encroachment of the s^, the
triangular * full ’ of shingle held in position by the Castle jetty forming a sea barrier
to the terrace from Arlington House eastward

; should, however, the recession of the
shore in front of Guilford battery continue, no steps being taken to arrdst the sea,
the apex of this triangular accumulation of shingle abutting on Castle jetty will
retreat landward and eastward, the inclined line of high water becoming more and
more acute, and the frontage defended by the shingle would necessarily become
more limited in extent. The stability of this shingle mole depends entirely on the
state of repair of the Castle jetty

; and when it is considered that the beach is more
than 20 feet higher on one side than on the other, it will be seen that it is a vital

question in the inquiry.

The small amount of shingle that lies upder the lee of Castle jetty to the eastward
was during my inspection— "

•

At the high-water * full’ in a line with the East
Cliff houses, from the platform, of the j^cty

In line of garden walls of ditto

liine of esplanade railing ....
End of doubled part of jetty....
At next offset in ditto

End of main jetty

From top of lower jetty or groyne at junction
with main jetty

The crest of the shingle mole on the western
side being

Or a total difference of level of the beach on
the two sides of the jetty of . . .

12 ft. below it

20ft. Gin. ss

23 ft. }f

18ft.

2.3 ft.

24 ft. 99

18 ft. 99

5 ft. above di

29 ft.

Whatever works of defence may be constructed in front of the War Department
frontage to render permanent the sea margin there will have the effect of protecting
the property eastward by holding in position the eastern shingle mole

;
but this

ultimately must depend entirely on the Castle jetty for its continued stability
; with,

however, a natural sea barrier 10 feet above high water, any shore work of defence
along the immediate frontage of East Cliff Terrace would be one of supererogation.'

Having regard to the above, and considering the entire frontage of 1,100 feet
between the new harbour groyne and the Castle jetty, it is impossible to disconnect
the condition of the Castle jetty from the inquiry, nor would a parallel shore work
of defence be applicable to the entire frontage ; and having regard to the uncertainty
attached to the ultimate enclosure of the bay and the extent to which the Admiralty
pier may be projected, and looking to the success of the timber revetment in front
of the Ordnance property and the prevailing opinion in favour of such a work, I am
disposed to recommend the construction of an oak timber revetment or wharf from
the new harbour groyne to Arlington House 600 feet in length, to be carried down
to the chalk substratum according to Section No.. 1 for the western end of 200 feet,

the necessity for which will be apparent vhen the action of the sea eastward of the
Castle jetty is studied ; the^^eastern portion, from its being mainly behind the
shingle, may. gradually diminish in depth, of which Section No. 2 is an average
section.

In connection with the above, a complete doubling of the Castle jetty is necessary
on its outer or eastern side, from the first offset or end of the portion formerly
doubled at the north end, down to the end of the lofty portion of the jetty, 120 feet

in length. The low-water groyne, 165 feet long, requires similar treatment on the
east side for its entire length, and on the west side for half its length. In addition
to this outer doubling, a large proportion of the wales, braces, and ties require re-

newal, and the stone hearting to be redisposed where settled on fallen out, and the

> [When the works for enclosing Dover Bay are carried out this state of things
will ce&se. They were problematiccd in 1863.]
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planking of the main jetty above, on the western side, requires repairing and
heightening, to prevent the shingle passing through the top.

When it is considered that the rateable value of the twenty-eight houses in East
Cliff Terrace is, as I was informed, from 3,000/. to 4,000/. per annum, and its
^timated value 60,000/., it will be seen who is interested in the safety of the Castle
jetty, which, by an arrangement with H.M. Woods, &c., on the information of the
town clerk and harbour engineer, appears to be transferred to the East Cliff pro-
prietors, and the Harbour Board relieved from all responsibility as to its maintenance,
its successor, the new stone groyne, being regarded now as the east boundary of the
harbour frontage, the one-mile frontage of the harbour trust, hitherto measured from
the old pier, called Cheeseman's Head, at the west end, now enclosed by and
incorporated with the Admiralty Pier to the Castle jetty, now being defined east-
ward by the new jetty, and the frontage at that end reduced by 1,100 feet.

1 have defined by a line from the shore end of the harbour groyne, and termi-
nating opposite the west side of Arlii gton House, the line I propose for the
revetment.

I estimate the cost of this work at . . . . :f4,800
Castle jetty repairs .... 1,700

V Total . . £6,600
As it appears, on the information of the Mayor, that the garden wall of No. 1

East Cliff Terrace was washed doWn when the sea made certain inroads on this part
of the coast about forty years back, the December casualty was not unprecedented.

The maintenance of the Castle jetty is quite as, if not more, important than the
construction of the revetment, nor should I recommend any steps being taken with
the latter without the works of renewal to the Castle jetty are carried out coinci-
dentally therewith.

Should these works in their entirety, from want of concert between the parties
interested, not be carried out, in the event of another gale such as that of December
recurring, the result in all probability would be the cutting off the sea road commu-
nication, not to say the endangering of the western houses of East Cliff Terrace

;

the result would also probably recur that the harbour authorities would be compelled
again to continue to extend their jetty landward

;
in effect the foreshore may bo

expected to retreat and to be lowered to the eastward of the harbour jetty, as may
be observed at the Castle jetty, and the longer the construction of the sea-works of
defence are postponed, so will the difficulty of maintaining the present sea margin
be increased as well as the necessity entailed of continuing such works further
eastward.'

Should the works be postponed for any lengthened period and the shore margin
be much abraded and the foreshore lowered, it then may become a question whether
the construction of a . stone sea wall in continuation of the harbour jetty eastward
would not be the best plan to adopt for, the western end.*

I have the honour to be. Sir,

Your very obedient Servant,
(Signed) J. B. Bedman.

War Office, June 3, 1863.

Sir,—

W

ith reference to your letter, dated April 2, and the reply thereto of the
14th idem respecting the encroachment of the sea at east cliff, Dover, 1 am directed

L. 1_.
' [As the revetment was commenced just four years after, without the author of

this report being consulted or knowing aught of its details or execution, it is mani-
fest he is in no way responsible for the subsequent results ;

nor did he authorise or
recommend the mode adopted. Had he been so, the last paragraph of this report
shows he might have advised a very different mode of procedure.

He visited Dover in December 1867 for the first time (viz., 4^ years* interval)

after making above report, when he found the timber revetment finished. From its

great irregularity he doubts if proper land-ties were piovided, and now, from the
omission of a most important provision—^viz., the heavy top paving and other de-
{)artures from his plan—sufficient reasons appear for its partial failure. Further
he has no evidence of the depth of piling or character or mass of concrete backing.]

t ,,, * [Ultimately done. Since replaced by a stone wall just prior to decease of late

town surveyor, Mr. Hanvey.]
1888,. o3
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by the Secretary of State for War to forward, for the consideration of the Local
Board, the report and plan which have been received from Mr.'Bedman, C.B., and to
observe that in the event of Mr. Bedman*s project meeting the approval of the Town
Council, Lord de Grey will be prepared to recommend to the Lords Commissioners of
the Treasury that a sum of 1,800^., or about three-elevenths of the whole expense of
carrying out that project, shall be paid for from the Army estimates.

The frontage of the whole of the property to be protected is 1,100 feet, that of
the War Department being about 300 feet ; this proposal.will, therefore, be in iccord-
ance with the suggestion contained in the letter from this office, dated Match 10,
1863.

I am to request the return of the report and plan.

I am, Sir,

Your most obedient Servant,
(Signed) Haetington.

The Town Clerk, Dover.

0 . SHEERNBSS.

To lAeut.'C 'loT^ Jervois, R.E. $

Wcstmi*.ster, S-W., October 81, 1866.

Sir,—In reply to your letter of the 27th instant, respecting * Garrison Point,’ I have
to report that Colonel Freeth explained to me on the 18th instant, on the spot, the
proposal to use the shingle, within certain limits, for filling up the parade of the
new fort, and the agent for the contractor for that work ^ittended to point out from
whence he proposed to remove shingle.

My attention was directed to the recent accumulation against groynes run out by
the contractor and around blocks of stone deposited for the works.

In my report of August 20, 1867, to you on the groynes along the neighbouring
shore, I directed attention to the increase of Garrison Point to the westward and
that from plans in your possession at Sheerness it appeared that in 1737 the end of
the shingle spit was half a mile east of Garrison Point

;
also that the Point had been

resorted to for many years for material for concrete and for roads, &c., for your
Department and for the Dockyard.

Taking these facts into consideration, I do not consider that harm would be done
by the removal of shingle from the * fulls * forming the convex horn of the Point, but
as the foundations of the fort are only 6 feet below the level of high water of
spring tides, it is clear this must be done with great caution. . I should recommend
that no shingle be removed below the level of high water of neap tides.

It was stated by the contractors’ agent that it would not answer their purpose to
remove shingle from the eastward of the fort or east of their westernmost groyne
on account of transport, so -that they would depend entirely on the horn of shingle
immediately contiguous to and around the fort.

Within the above limits, viz., from the Gun Wharf to the western groyne and
down to the level of high water of neap tides, about 800 yards cube of shingle might
be obtained, so that the high-water ‘ fulls ^‘would have to be renewed six times before
the material required would be obtained, as about 5,000 yards are required ; but it is
fairly argued that the shingle would follow from the eastward as it was removed
from the crest, and it is supposed that the requisite material would be thus obtainable
in a few months.

The removal should be first from ^e eastward working westward, so that the
travelling shingle would follow on.

The excavation of the shingle should be only in defined and .short lengths, say
of 20 yards, or about one-fifth of the entire length of the shingle ‘ horn ’ on the
curve from the Gun Wharf to the west groyne, which is about 110 yards, and the
removal of the next length should not be commenced until the sea has beg^n to
repair the breach thus formed with a new * full ’

;
the wharfing for the support of

the contractors’ road around the fort forms a protection at its base in the event of
the sea passing over the lowered beach at high water of spring tides.

Should the above precautions be taken, I see no objection to the proposition sub-
mitted to me. ®

I am. Sir,

Your obedient Servant, o

(Signed) J. 13 Bbdman.
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7. ISLE OP GRAIN.

To the Seoretary of Statefor War.

Westminster, S.W., Fehrmry 21, 1807.

SiB,—^Acting on instructions from the War Office of August 22 last, accompanied
by various plans and sections showing the works in progress at the Isle of Grain and
the eVtent of the encroachment of the sea on the shore, I proceeded to Sheerness on
August 27 and made several inspections at low water during the then spring tides.

I also again visited the site in October last in reference to borings then in progress,
and also again on the completion of the last, to satisfy myself as to the real character
of the substratum, respecting which great doubts had been expressed.

*

In the course of my inquiry I received every assistance from the then commanding
R.E. officer at Sheemess, Colonel Frceth, and from the officers at the Isle of Grain
fort.

My instructions inform me it is proposed to protect in the most economical
manner the foreshore of the property of your Department.

Prom the plans placed before me and from my inspections I draw the conclusion
that the waste of the shore is to a certain extent local, viz., that the material, the
London clay and sand ard gravel thereon, and the alluvial deposits southwards, are all

easily acted on by the sea at hi'^di water, and that the material abraded is redis-

tributed upon the foreshore ; a comparison of the early plan made for the Board of
Ordnance in 1784 with those of the present day shows this, and that the high-water
mark is much further inshore and the low-water mark further out. To the north of
the fort at the boundary of the property of your Department the sea has gained to

the extent of 700 feet and to the eastward of the fort the low-water mark is nearly
a corresponding distance further out.

To check this action, I recommend the construction of stone slopes of Kentish rag
paving on a bed of concrete, separated into bays by sheet pilings and these again
subdivided by lateral piling, as shown on the accompanying drawing.

North and south of the pavement I recommend the construction of two low
groynes, as shown at the north end, in a direction N.E. by E. by compass, and that at

the south, E.S.E., and two at the north and south ends of the fort frontage, each
bearing E.N.E., also opposite the north and south extremities of the battery, that at

the north end to bear east by compass, and that at the south to bear E.S.E., viz., six

groynes in all.

As regards the frontage of the battery, I do not recommend quite the same treat-

ment as for the rest of the frontage.

For the frontage generally, I consider that the paving should be brought up above
high water until it intersects the glacis slopes, and that north and south and between
the fort and battery it should be brought up to the level of the adjacent low land or
summits of the neighbouring walls, and that the foot or toe of the slopes should be
sheet piled, with a deep trench at back for a rough deposit of stone to form an abate-
ment at foot. To the southward this becomes more necessary from the nature of the
ground, and the toe will have to be increased in depth more especially corresponding
with the frontage of the battery.

Certain borings were taken in 1861, the results of which were placed before me,
as also the details of the. foundations of the Martello Tower on Grain Spit; from
these it was clear that there is following the contour of the hill above a Considerable
inclination of the London clay to the southward.

Looking to the uncertainty respecting tiie'^ *evel of the London clay opposite the
battery, I recommended, the sinking of two additions) boreholes north and south of

the battery frontage next the sea, adjacent to and 40 feet west of the two black
bacons.

The general result was, at the outer or north beacon for a depth of 36
feet (22 feet below Ordnance datum) nothing but layers of modem alluvion

were met with upon a crust of gravel, into which the boring was carried^ 6 feet,

40 feet in all : this boring was abandoned from the too^s failing. At the inner or

south beacon similar material was passed through for 45 feet, when blue clay

was reached, and bored into for 7 feet 6 inches, a total depth of 52 feet 6 inches.

From the fact that the pipes were drawn before I had the opportunity of examin-
ing the strata in the second or south boring, a third was made at my r^uest 320
tebt north of the south beacon and in a line with the other two, which proves
that the solid London blue clay is 45 feet from the surface of the ground, or 32
feet from Ordnance datum and 26 feet below low water; from the borings of

3 o 2
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1861 the inference might have been drawn that it was at a much greater depth*
so that the result of these last borings may be looked on as highly satisfactory*

and showing the necessity that existed for their being undertaken.
I estimate the cost for defending the entire frontage with stone slopes* &c.* as

herein proposed* at 30,000^. ; to put in extra and, deeper work at the foot of the stone
slope for 400 yards in length in front of the battery will cost 16,000^. in addition*
making 45*000Z. total outlay. #

I had (for the batteryfrontage) considered the mode and probable cost of putting
in a retaining wall on piles with sheet piling*next the sea down to the blue clay, and
also a concrete wall got in by means of caissons of iron down to the clay also ; but
the great depth of the latter and the large cost induce me to recommend the plan
shown upon the accompanying drawing, viz., an increased weight of concrete put in
in boxes of sheet piling, the front row driven down to the layer of gravel at the north
end and to the surface of the clay at and towards the south *end : this will involve
sheet piling next the sea 23 feet in length for about one-third the frontage
and 36 feet for the rest ; the back row may be 10 feet shorter

; the areas must
be subdivided (in progress) by cross rows of piled planking and the concrete got in
through the water after the excavation is dredged out.

I have the honour to be. Sir,

Your obectlent Servant,

*
(Signed) J. B. RbdmAN,

G. Copy of Questions.
r

jY.i?.—Aimvers to these questions will in most cases he rendered more precise
and valuable by sketches illustrating the points referred to.

1 . What part of the English or Welsh
Coast do you know well ?

2 . Wliat is the nature of that coast ?

a. If cliffy, of what are the cliffs

composed ?

b. What are the heights of the
cliff above H.W.M. ?

Greatest
; average ; least.

3 . What is the direction of the coast-
line ?

4 . What is the prevailing wind ?

5 . What wind is the most important—
a. In raising high waves 7

b. In piling up shingle 7

o. In the travelling of shingle 7

6. What is the set of the tidal currents 7

7 . What is the range of tide 7

(1)

Vertical in feet. (2) Width in
yards between high and low
water.

(a) At spring tide
;
(b) at neap tide.

8. Does the area covered by the tide
consist of bare rock, shingle, sand,
or mud 7 «

9. If of shingle, state

—

a. Its mean and greatest breadth.
b. Its distribution with respect to

tide-mark.
c. The direction in which it travels.

d. The greatest size'bf the pebbles,
o. Whether the shingle forms one

continuous slope, or whether'
there is a ‘spring full’ and
‘ neap full.* If the latter, state
their heights above the respec-
tive tide-marks.

lO. Is the shingle accumulating or dimi-
nishing, and at what rate 7

31 . If diminishing, is this due partly
or entirely to artificial abstraction 7

(^See No. 13.)

12 . IE groynes are employed to arrest

the travel of the shingle, state

—

a. Their direction with respect to
the shore-line at that point.

b. Their length.

o. Their distance apart.

d. Their height

—

(1) When built.

(2) To leeward above the
shingle.

(3) To windward above the
shingle.

e. The material of which they are
built.

f. The infiuence which they exert.

13 . If shingle, sand, or rock is being
artificially removed, state

—

a. From what part of the foreshore.

(with respect to the tidalrange)
the material is mainly taken.

b. For what purpose.

c. By whom—Private individuals.

Local authorities. Public com-
panies.

d. Whether half-tide reefs had*
before such removal, acted as
natural breakwaters. ^

14 . Is the coast being worn back by the
sea 7 If so, state

—

a. At what special points or dis-

tricts.
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1). The nature and height o! the

cliffs at those places.

0. At what rate the erosion now

takes place.

d. What data there nay be for

deteminingtheratefronearly

naps or other docnnents.

,^e. Is such loss confined to areas

bare of shingle?

IS, Is the bareness of shingle at any of

these places due to artificial causes ?

a. By abstraction of shingle.

b. By the erection of groynes, and

the arresting of shingle else-

where.

IS. Apart fron the increase of land by

increase of shingle, is anyland being

gained fron the sea? If 8o,state-^'

a. Fron what cause, as enbanking

salt-marsh ortM foreshore,

b. The area so regained, and from

what date.

17. Are there ' dunes ' of blown sand in

your district? IfsOjState-

a. The name by which they are

locally known,

b. Their mean and greatest height,

c. Their relation to river nonthe

and to areas of shingle,

d. If they are now increasing,

e. If they blow over the land; or

are prevented froih so doing by

' bent graffl' or other vegeta*

tion, or by water channels,

18. Mention any reports, papers, naps,

or newspaper articles that have

appeared upon this question bett-

ing upon your district (copies will

be thankfully received by the

Secretaries).

19. Itenarksbearing on the subject that

nay not seem coveted by the tore*

going questions.
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OBJECTS and rules of the Association,
xxvi.

Places and times of meeting, with names
of officers, from commencement, xxxvi.

List of former Presidents and Secr^.taries

of Sections, Ixiv,

List of evening lectures, lix.

Lectures to the Operative Classes, Ixii.

Officers of Sectional Committees present
at Manchester, Ixiii.

Officers and Council for 1888-89, Ixxv.

Treasurer’s account, Ixvi.

Table showing the attendance and re-

ceipts at the annual meetings, Ixviii.

Report of the Council to the General
Committee at Bath, Ixx.

Committees appointed by the General
Committee at Bath : 1. receiving grants
of money, Ixxiii; 2. notreceivinggrants
of money, Ixxviij other resolutions

adopted, Ixxx
; communications or-

dered to be printed in eastenso, Ixxxi

;

resolutions referred to the Council for
consideration,and action if desirable,

Synopsis of grants of money appropriated
to scientiftc purposes, Ixxxii.

Places of meeting in 1889 and 1890, Ixxxii.

General statement of sums which have
been paid on account of grants for

scientific purposes, Ixxxiv.

General meetings, xcvi.

Address by the President, Sir Frederick
Bramwell, D.C.L., F.R.S., M.rnst.C.E., 1

Abercromby (Hon. R.) on arranging an
investigation of the seasonal variations

of temperature in lakes, rivers, and
estuaries, 326; modern views about
hurricanes, as compared with the older
theories, 686.

Abney (Capt.) on standards of light, 39

;

' on the action of light on the hydracids
of halogens in presence of oxygen, 89

;

\/>n electrolysis in its physical and
chemical bearings, 339.

; Absorption spectrum of oxygen. Profs.

Liveing and Dewar on the, 676.

Adami (J. G.) and Prof. Roy on the
physiological bearing of waist-belts
and stays, 704.

Adams (Prof. W. G.) on the desirability

of introducing a uniform nomenclature
for thefundamental units of mechanics,
27 ; on the best means of comparing
and reducing magnetic observations,

28 ; on standards of light, 39 ;
on

standards for use in electrical mea-
surements, 66.

Adelj}hotaxg, an undescribed form of

irritability, Prof. M. M. Hartog on, 702.

Africa, central, the commercial future

of, by Sir F. do Winton, 745.

Agricultural education, by Prof. J. Long,
776.

Agricultural statistics, by W. Botly, 760.

Air-compressor for variable pressures, a
new form of, by H. Davey, 824.

Air-propellers, or revolving sails, by H.
C. Vogt, 820.

Akkas and dwarfs in Southern Morocco,
by R. G. Haliburton, 746.

Allman (Prof.) on the researches on food-

hshes at the St. Andrews marine labo-

ratory, 141.

American industries and wealth, the
growth of, by M. G. Mulhall, 767.

Ammonia-soda process, recovery of the
ammonia and chlorine in the, by F.
Bale, 638.

Analyse chronom6trique des ph6nom6nes
61ectriqiies lumine^, p*u: Dr. J. Jans-

sen, 616.

Analyse spectrale, sur I’application de P,

A la m^canique mol6cul^e, par Dr. J.

Janssen, 647. ,

Analysis of iron and steel, proposed inter-

national standards to control the, by
Prof. J. W. Langley, 640.

Analytical engine of the late Charles

Babbage, F.R.S., the mechanical ar-

rangements of the, Maj.-Gen. H. P.

Babbage on, 616.
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Ancient sea-beach, an, near Bridlington
Quay, report on, 828.

Anderson (Prof. R. J.) on the occupation

of the table at the zoological station

at Naples, 157.

Anderson (Dr. T.), the volcanoes of the

Two Sicilies, 663.

and Dr. H. J. Johnston-Lavis on the

late eruption in the island of Vulcano,
664.

Anderson (W.) on the application of

electricity to the working of a 20-ton
travelling crane, 808.

Anglesey, the crystalline schists of. Dr.

C. Callaway on the origin of, 663.

.. —,
the older rocks of, report on the

microscopic structure of, 367.

Annual winding clock, an, with torsion

pendulum, by W. H. Douglas, 823.

Antarctic regions, third report of the

Committee for drawing attention to

the desirability of further research in

the, 316.

Anthropological Section, Address by
Lieut.-Gen. Pitt-Rivers to the, 825.

Anthropometric laboratory at Manches-
ter, observations made in the, by G.

W. Bloxam and Dr. J. G. Garson, 854.

Antilles, the nucleal ranges of the,

archaean characters of the rocks of, by
Dr. P. Frazer, 654.

Archaean characters of the rocks of the
nucleal ranges of the Antilles, by Dr.
P. Frazer, 664.

Archaean time, a review of the alleged

evidence of life on the earth in, by
Rev. A. Irving, 679.

Armstrong (Prof. H. E.) on the present
methods of teaching chemistry, 73 ; on
isomeric naphthalene derivatives, 96

;

on the teaching of science in elemen-
tary schools, 164; on electrolysis in

its physicaland chemical bearings, 339

;

note on Dr. Arrhenius’s reply to bis

criticisms regarding the dissociation

theory of electrolysis, 355.

Armstrong’s, Prof., criticisms regarding
the dissociation theory of electrolysis,

reply to, by S. Arrhenius, 352; note
thereon, by Prof. H. E. Armstrong,
355.

Arrhenius (8.), reply to Prof. Armstrong's
criticisms regarding the dissociation

theoryof electrolysis, 362 ; note thereon
by Prof. H. E. Armstrong, 356.

Asia,Western, the early races of, by Major
C. R. Conder, $65.

Asia Minor, discoveries in, by J. T. Bent,
866 .

Associative economics applied to coloni-

sation, by W. L. Rees, 762.
^Assurance, old age, and sickness, for the

mercantile and professional classes, by
F. Norfolk, 780.

Atlas Mountains, notes from the, by J,

Thomson, 746.

Atomic weight of oxygen. Dr. A. Scoti
on the, 631.

Atomic weights, the logarithmic law of.

Dr. G. J. Stoney on the proof of, 662.

, the logarithmic law and its con-
nection with the, by Dr. d, J. St4»ney,

630.

Australian message-sticks and messen-
gers, by A. W. Howitt, 842.

Automatic fire-damp detector, J. W.
Swan on an, 817.

Ayrton (Prof.) on standards for use in
electrical measurements, 55.

and Profs. Sir W. Thomson and
Perry, electrometric determination of

«v,’616.

Azorean archipelago, the recent volcanic

structure of the, 0. H. Howarth on,
671.

Babbage (the late Charles, P.R.S.), on the
mechanical arrangements of the ana-
lytical engine of, by Maj.-Gen. H. P.

Babbage, 616.

Bahamas, the fiora of the, report on,

361.

Baker (J. G.) on the fiora of the Baha-
mas, 361.

Bale (F.), recovery of the ammonia and
chlorine in the ammonia-soda process,

638.

Balfour (Prof. B.) on the steps taken for

establishing a botanical station at
Peradeniya, Ceylon, 421.

Ball (J.) on our present knowledge of
the fiora of China, 420.

Ball (Sir R. S.) on the desirability of in-

troducing a uniform nomenclature for

the fundamental units of mechanics,
27.

Ball (Prof, y.) on the provincial museumt
of the United Kingdom, 124.

Banking statistics, by W. Botly, 760.

Barber (C. A.) on the development of the
bulb in Laniinaria bulboMt 710; on
Paclkythtca^ a Silurian alga of doubtful
afiinities, 711.

Baron (Rev. R.) on the flora of Madagas-
car, 724.

Barrington (R. M.) on the migration of
birds, 146.

Barron (Dr. G. B.), the constitutional

characteristics of those who dwell in

large towns, as relating to degeneracy
of race, ^836.

Barry (J. W.), the Barry docks, 796.

Barry docks, the, by J. W. Barry, 796.

Bassani (Prof. F.), notes of some re-*’

searches on the fossil fishes of Chiavhn,
Yicentino (stratum of Botzka, lower
miocene), 675.
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Bassett (A. B.), waves in a viscous liquid,

663.

*Bath, the vital and commercial statistics

of, by F. Norfolk, 780.

Bath oolite, the extension of the, under
Jjondon, as shown by a deep boring at
Streatham, W. Whitaker on, 656.

Baue^man (H.) on the volcanic pheno-
mena of Vesuvius and its neighbour-
hood, 320.

Baynes (R. E.) on the desirability of in-

troducing a uniform nomenclature for

the fundamental units of mechani.2s,

27.

Beaumont (W. W.), the efficiency of
steam at high pressures and the Carnot
theorem, 820.

*Bechuanaland and the Land of Ophir,

'

by Rev. J. Mackenzie, 746.

Becker (Miss L.) on tb® teaching of
science in elementary schools, 164.

Beddard (F. E.), contributions tvto the
anatomy of the Tubificidae, 723.

Beddoe (Dr. J.) on the effects of different

occupations and employments on the
physical development of the human
body, 100 ; the physique of the Swiss
as influenced by race and by media,
837 ; on human bones discovered by
Gen. Pitt-Rivers at Woodcuts, Rother-
ley, &c., 839.

Beds exposed in the Southampton new
dock excavation, by T. W. Shore, 672.

Bedson (Prof. P. P.) on photographing
hydrogen and chlorine bulbs by aid of
the flash of light which caused their

explosion, 633.

^Bees and wasps, solitary, the instincts

of. Sir J. Lubbock on, 706.

Bell (A.) on the * manure* gravels of

Wexford, 133.

Bell (Prof. F. J.) on the echinodermata
of the Sea of Bengal, 718.

Ben Nevis, meteorological observations

on, report of the Committee for co-

operating with the Scottish Meteoro*
logical Society in making, 49.

Bent (J. T.) on the prehistoric race in

the Greek islands, 99 ;
sun-myths in

modem Hellas, 860; discoveries in

Aisua Minor, 866.

^Benzene, the constitution of, Van’t

Hoff's hypothesis and, J. £. Marsh on,

631.

Beryl, the temperature at which it is

decolorised, J. Joly on, 684.

Bidwell (8.) on electrolysis in its physical

and chemical bearings, 339.

Bile, the rate of secretion and constitu-

. tion of the, the effect of various sub-
' stances upon, by Dr. W. J. Collins,

728. /

BM^ical Section, Address by W. T.

Thiselton-Dyer to the, 686.

Blackburn (Miss H.), Irishwomen’s in-
dustries, 772.

Blake (Prof. J. F.) on the microscopic
structure of the older rocks of Angle-
sey, 367.

Sl(tp» mcrtUaga (^Coleojttera)^ the odori-
ferous apparatus of the, by Prof. G.
Gibson, 727.

Bloxam (G. W.) on the prehistoric race
in the Greek islands, 99 ; on the effects

of different occupations and employ-
ments on the physical development of
the human body, 100 ; on the North-
western tribes of the dominion of
Canada, 233.

and Dr. J. G. Garson, observations
made in'the anthropometric laboratory
at Manchester, 864.

^Blumenhaohia JSicronynii^ Urban, the
contrivances for the seed protection
and distribution in, W. Gardiner on,
716.

Boats, Ac., the disengaging of, B. J. Hill
on, 807.

Bolland (Col. J. H.), photographic and
photozincographic processes employed
in the Ordnance Survey, 746.

Bonghi (Signor), I’organisation et la

statistiquede.Penseignement technique
secondaire en Italic, 774.

Bonney (Prof. T. G.) on the erratic blocks
of England, Wales, and Ireland, 101

;

on the microscopic structure of the
older rocks of Anglesey, 367 ; on a
boulder of granitoid gneiss or gneissoid

granite in the Halifax hard-bed coal,

661.

Botly (W.), agricultural, commercial,
industiial, and banking statistics

760.

Bott (Dr. W), the determination of
vapour-densities at high temperatures
and under reduced pressure, 632.

and J. B. Miller, further researches
on the pyrocresols, 642.

Bottomley (J. T.) on standards for use
in electrical measurements, 66; on
electrolysis in its physical and chemi-
cal bearings, 339.

*Boulder-clay, a high level, in the Mid-
lands, by Dr. H. W. Crosskey, 666.

Bourne (SO on the teaching of science

in elementary schools, 164; on the

best method of ascertaining and mea-
suring variations in the value of the
monetary standard, 181 ; on the statis-

tical data available for determining
the amount of the precious metals in

use as money, Ac., 219 ; index-numbers'

as illustrating the progressive exports

of British produce and manufactures,

636.

Bovey (Prof. H. T.) on promoting tidal

observations in Canada, 27.



938 INDEX

Bower (Prof.) on the steps taken for

establishing a botanical station at

Peradeniya, Ceylon, 421 ; *on the mor-
phology of the pitcher of nepenthes,
702.

Boynton (T.) on an ancient sea-beach
near Bridlington Quay, 328.

Boys (C. V.) on the work of the Differen-

tial Gravity Meter Committee, 72.

Brain (F.), electricity as applied to min-
ing, 816.

Bramwell (Lord), Address to the Section
of Economic Science and Statistics by,

749.

Bramwell (Sir P. J.) on the advisability

and possibility of establishing in other
parts of the country observations upon
the prevalence of earth tremdrs similar

to those now being made in Durham,
622.

Bridge design, mechanical pathology
considered in its relation to, by G. H.
Thomson, 793.

Bristol coal-field, the northern section

of the, by H. Cossham, 669.

British Association and other standard
coils, on the permanence of the original

standards of resistance of the, by R. T.

Glazebrook and T. C. Fitzpatrick, 66.

British mineral and thermal waters, a
list of works referring to, by W. H.
Dalton, 869.

Brontops robmUts^ restoration of, from
the miocene of America, by Prof. 0.
C. Marsh, 706.

Brown (Prof. Crum) on meteorological
observations on Ben Nevis, 49 ; on
electrolysis in its physical and chemi-
cal bearings, 339.

Brown (J.) on electrolysis in its physical
and chemical bearings, 339 ; on figures

produced by electric action on photo-
graphic dry plates, 666.

Brown (S.) on locusts in Cyprus, 716.
Buchan (Dr. A.) on meteorological obser-

vations on Ben Nevis, 49; on the
marine biological station at Granton,
319 ; on arranging an investigation of

the seasonal variations of temperature
in lakes, rivers, and estuaries, 326.

Buchanan (J. Y.) on arranging an inves- t
tigation of the seasonal variations of
temperature in lakes, rivei%, and es-

tuaries, 326.

Buckland (Miss A. W.), necklaces in re-

lation to prehistoric commerce, 849;
the monument known as * King Orry’s

Grave ’ compared with ^muli in Glou-
cestershire, 864.

Biioklandium diluvii, Konig, a silnroid

fish from the London clay of Sheppey,
A. S, Woodward on, 679. .

Bund (J. W. W.), the Severn watershed,
799.

Burning by lightning of a magnet on a
generating dynamo. Dr. A. Traill on
the, 616.

C.G.S. units of measurement, W. H.
Preece on the, 616.

Callaway (Df. C.), further notes on the
origin of the crystalline schistic of

Malvern and Anglesey, 663 ;
sketch of

ihe geology of the crystalline axis of

the Malvern Hills, 654.

Cameroons, the, by H. H. Johnston,
746.

Canada, tidal observations in, fourth re-

port of the Committee for promoting,
27.

Canal lift, an improved, S. Lloyd on,

797.

(lanary islands, the ancient inhabitants

of the, by J. Stone, 851.

Caoutchouc and other colloids, the mole-
cularoweight of, Dr. J. H. Gladstone
and W. Hibberb on, 640.

Cape Guardafui, sea temperatures in
the neighbourhood of, by Lieut.-Gen.
Strachey, 738.

Carbonic acid in the atmosphere, the re-

lation of the percentage of, to the life

and growth of plants, Itev. A. Irving on,

661.

Carboniferous rocks, the lower, of Glou-
cestershire, B. Wethered on, 667.

Carnot theorem, the, and the efficiency

of steam at high pressures, by W. W.
Beaumont, 820.

Carpenter (W. L.) on the desirability of

introducing a uniform nomenclature
forthe fundamental units of mechanics,
27 ; on the best means of comparing
and reducing magnetic observations,

28 ; comparison of Gassner’s dry cells

with Leclanch6’s, 566.
— and Prof. Balfour Stewart, results

of a ^mparison between the wind
values and declination disturbances at

the Kew Observatory, 28.

Carpmael (C.) on promoting tidal obser-

vations in Canada, 27 ;
on the best

means of comparing and reducing
magnetic observations, 28.

Carruthers (W.) on the flora of the
Bahamas, 361 ; on our present know-
ledge of the flora of China, 420'

$ on
the steps taken for establishing a
botanical station at Peradeniya,Ceylon,

421 ; on the present state of our know-
ledge of the zoology and botany of the
West India islands, and on the steps

taken to investigate ascertained de-
ficiencies in the fauna and flora, 487.

Cash(W.) on the flora of the carboni-
ferous rocks of Lancashire and West
Yorkshire, 150 ; on an ancient sea-

beach near Bridlington Quay, 328.
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Catenaries, orbits, and curved rays. Prof.

J. D. Everett on the relations between,
661.

*Gats with an extra number of toes, here-
dity in, by B. B. Poulton, 707.

Celtic earthworks in Hampshire, in refer-

ence to the density of the|Geltic popu-
latlipn, by T, W. Shore, 85Z

Centres of finite twist and stretch. Prof.

K. W. Genese on, 679. ,

Cephalopods and gasteropods, some
Pevonian, Bev. G. F. Whidborne on,

680.

Chadwick (E.), the Malthusian theory,

777 ; amendments founded on experi-

ences submitted for the Local Govern-
ment Bill, 779.

Chemical problems presented by living

,

bodies, discussion on the, 631.

Chemical Section, Address by Prof. W.
A. TUden to the, 620. •

Chemistry, the present methods of reach-

ing, report on, 73.
*

Chemistry as a school subject, by Bev. A.
Irving, 634.

Cherriman (Prof. J. B.) *on promoting
tidal observations in Canada, 27.

Chest-types, notes on, by Dr. G. W.
Hambleton, 849.

*

China, the fiora of, report on our present

knowledge of, 420.

Chindwin river. Upper Burmah, explora-

tions on the, in 1886-87, by Col. Wood-
thorpe, 741.

Choptank river, Maryland, U.S.A., notes
on the shell-mounds and ossuaries of

the, by Chev. B. E. Beynolds, 846.

Christie (W. H. M.) on the best means of

comparing and reducing magnetic
observations, 28.

Christmas Island, the natural history of,

J. J. Lister on, 708.

Chrystal (Prof. G.) on the best means of

comparing and reducing magnetic
observations, 28 ; on standards for use

in electrical measurements, 55 ; onthe
work of the PifiEerential Gravity Meter
Committee, 72 ; on the marine biologi-

cal station at Granton, 319 ; on arrang-

ing an investigation of the seasonal

variations of temperature in lakes,

rivers, and bstuaries, 326.

Cider, Somersetshire, by J. Higgins,

769.

Clarke (Maj.-Qen. Sir A.), on the erosion

of the sea-coastsof England and Wales,
898.

Clarke (W. E.) on the migration of birds,

146.

Clausius (Prof.), the authorshipof electro-

lytic tneory, 346.

Clayden (A. W.), perspective maps and
eopimon maps, 740.

Claypole (Prof. E. W.) on some recent

investigations into the condition of the
interior of the earth, 669.

Cleghom (Dr.) on the researches on food-
fishes at the St. Andrews marine
laboratory, 141.

Cleland (Prof.) on the researches on food-
fishes at the St. Andrews marine
laboratory, 141.

Click mill, the old Orkney, by Prof. A.
Jamieson, 807.

Clock, an annual winding, with torsion

pendulum, by W. H. Douglas, 823.

Closed-chain formulas, J. E. Marsh on,
631.

Clyde sea area, the salinity of the, by Dr.
H. B, Mill, 738.

Coal and iron industries, the effect of
mining royalties on, by Prof. W. B.
Sorley, 765.

Codrington (Bev. B, H.), social regula-
tions in Melanesia, 843.

Collins (Dr. W. J.), the effect of various

substances upon the rate of secretion

and constitution of the bile, 728.

Colour-blindness, Dr. K, Grossmann on,

838.

Combustion in explosions, the incom-
pleteness of, by Prof. H. B. Dixon and
H. W. Smith, 632.

Commercial statistics, by W. Botly,

760.

Competition, the tendency of, to result

in monopoly, by Prof. Foxwell, 762.

Concave gratings, recent progress in the

use of, for spectrum analysis, by Prof.

H. A. Howland, 66G.

Conder (Major C. B.), remarks on Mr.
Tomkins’s paper on the geography of

the region from the Nile to the, Eu-
phrates as known to the ancient

Egyptians, 743 ,* on the early races of

Western Asia, 866.

Conduction of alloys and solid sulphides,

Dr. J. H. Gladstone and W. Hibbert on
the, 347.

Conservation of heat in volcanic chim-
neys, Dr. H. J. Johnston-Lavis on the,

666.

Constitutional characteristics, the, of
those who dwell in large towns, as re-

lading to degeneracy of race, bj^Dr. G.

B. Barron, 836.

Continental'- shelf, sea temperatures of

the, by Dr. H. B. Mill, 739.

Contortions of strata, a probable cause

of, ,Dr. C. Bicketts on, 684.

Contractile vacuole in plants and animals,

preliminary iiote on the functions and
homologies of the, by Prof. M. M.
Hartog, 714.

Copper, the rate of solution of, in acids,

V. H. Veley on, 638.

Copper-tin alloys, the composition of, by
A. P. Laurie, 637.
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Coral fangia, some points in the natural

history of the, W. E. Hoyle on, 717.

Coral reefs, discussion on, 718.

Cordeauz (J.) on the migration of birds,

146.

Corporar penance, the survival of, by 0.

H. Howarth, 849.

Corresponding Societies Committee, re-

port of the, 255.

•Cosmogony, on theories of, and on the
mechanical conditions of a swarm of

meteorites, by Prof. G. H. Darwin, 590.

Cossham (H.), the northern section of
the Bristol coal-field, 659.

Cowles aluminium process, recent de-
velopments of the, by W. Anderson, 809.

Cowper (E. A.) on the advisability and
possibility of establishing in other parts

of the country observations upon the
prevalence of earth tremors similar to
those now being made in Durham, 522

;

an improved seismograph, 818.

Creak (Capt.) on the best means of com-
I^ring and reducing magnetic observa-
tions, 28.

Cretaceous fish-fauna of Mount Lebanon,
a comparison of the, with that of the
English chalk, by A. S. Woodward,
678.

Crompton (R. B.) on recent developments
of the Cowles aluminium process, 809,

Crookes (Mr.) on electrolysis in its physi-

cal and chemical bearings, 339.

Crosskey (Dr. H. W.) on the erratic blocks
of England, Wales, and Ireland, 101

;

on the circulation of underground
waters, 145; on the teaching of science
in elementary schools, 164 ;

*on a high
level boulder-clay in the Midlands,
656.

Crustaceans, some Devonian, Rev. G. F.
Whidbome on, 681.

Crystalline axis of the Malvern Hills, Dr.
C. Callaway on the geology of the, 654.

Crystalline schists of Malvern and Angle-
sey, further notes on the origin of the,

by Dr. 0. Callaway, 653.

Crystals of calcium oxide and magnesium
oxide, the formation of, in the oxy-
hy^ogen flame, J. Joly on, 634.

Culverwell (E. P.) on the desirability of|

introducing a uniform nomenclature
for the fundamental units of mechanics,
27.

Cunningham (D.) on arranging an inves-

tigation of the seasonal variations of
temperature in lakes, rivers, and es-

tuaries, 326.

Cunningham (J. T.) on some teleostean
ova, and their development, 703.

Curved rays, orbits, and catenaries. Prof.
J. D. Everett on the relations between,
581,

Cyprus, locusts in, 8. Brown on, 716.

•Dairy industry, by G. Gibbons, 778.

•D’Almeida (W. B.) on Pahang, an inde-
pendent state in the Malayanpeninsula,
747.

Dalton (W. H.), a list of works referring

to British mineral and thermal waters,

859. f
Danks (Rev. B.), marriage customs of the
New Britain group, 847.

Darwin (Prof. G. H.) on the best means
of comparing and reducing magnetic
observations, 28 ; on the advisability

and possibility of establishing in other
parts of the country observations upon
the prevalence of earth tremors simi-
lar to those nowbeing made in Durham,
522 ; *on the mechanical conditions of
a swarm of meteorites, and on theories

J,

of cosmogony, 590.

Darwin (H.) on^the effects of different

occupations and employments on the
physi'cal development of the human
body, 100.

Davey (H.), a new form of air-compressor
for variable pressures, 824.

Davis (J. W.) on the prehistoric inhabit-

ants of the British islands, 289 ; on an
ancient sea-beach near Bridlington
Quay, 328.

Dawkins (Prof. W. Boyd) on the erratio

blocks of England, Wales, and Ireland,

101 ; on the work of the Corresponding
Societies Committee, 255 ;

on the pre-

historic inhabitants of the British

islailds, 289 ;
Address to the Geological

Section by, 644.

Dawson (Dr. G. M.) on the North-
western tribes of the dominion of
Canada, 233.

Dawson (Major H. P.), magnetic disturb-
ances at Fort Rae in 1882-83, 31

De Ranee (C. E.) on the erratic blocks
of England, Wales, and Ireland, 101

;

on the circulation of underground
waters, 145 ; on the erosion of the sea-

coasts of England and Wales, 898.

Declination disturbances, wind values
and, at the Kew Observatory, results

of a comparison between the, by Prof.

Balfour Stewart and W. L. Carpenter,

28.

•Deep-sea tow net, W. B. Hoyle on a,

717.

De la Rive (L.) on composition of sensa-

tion and notion of space, 585.

•Dennett (Q. B.), tnrough Kakongo, 746.

Denton (J. B.) on the replenishment of
the underground waters of the perme-
able formations of England, 797.

Development of institutions, on a method
of investigating the; applied to la^s
of marriage and descent, by Dr. B^ B.
Tylor, 840.

Dewar (Prof.) on standards of light, 39,
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Dewar (Prof.) and Prof. Liveing on the
absorption spectrum of oxygen, 676.

Dibdin (Mr.) on standards of light, 39.

Differential gravity meter, a good, third
report of the Committee for inviting

designs for, in supersession of the pen-
dv^ium, 72.

Diffusion photometer, J. Joly on a, 578.
^DinoBauHa of Europe and Ameri^^a,

comparison of the principal forms of,

by Prof. 0. C. Marsh, 660.

Discoveries in Asia Minor, by J. T. Bent,
866 .

Disengaging of boats, &c., E. J. Hill on
the, 807.

Dissociation, Rev. A. Irving on, 630.

Dissociation theory of electrolysis, reply
to Prof. Armstrong’s criticisms regard-
ing the, by, S. Arrhenius, 362 ;

note
thereon, by Prof. H. E. Armstrong, 356.

Dixon (E. T.) on geometry of four iimen-
sions, 618.

Dixon (Prof. H. B.)on standards of light,

39 ; on electrolysis in its physical and
chemical bearings, 339.— and H. W. Smith, the incomplete-

ness of combustion in explosions, 632.

Douglas (W. H.), an annual winding
clock, with torsion pendulum, 823.

Douglass (Sir J.) on standards of light,

39 ; on the erosion of the sea-coasts of

England and Wales, 898.

Dowson (J. E.), gaseous fuel, 803.

Dunn (J. T.) on the present methods of

teaching chemistry, 73.

Dunn (T. W.), education : a chapter of

economics,' 773.

Dunstan (Prof. W. R.) on the present

methods of teaching chemistry, 73.

Dynamo, a, on controlling the direction

of rotation of, by A. Winter, 824.

Early races of Western Asia, Major C. R.

Conder on the, 856.

Earth, the interior of the, some recent

investigations into the condition of.

Prof. E. W. Claypole on, 669.

Earth tremors, report on the advisability

and possibility of establishing in other

parts of the countij observations upon
the prevalence of, similar to those now
being made in Durham, 622.

Earthquake and volcanic phenomena of

Japan, eighth report on the, 422.

Easton (B.), on the erosion of the sea-

coasts of England and Wales, 898.

Echinodermata of the Sea of Bengal,

Prot P. J. Bell on the, 718.

SSclipse of the moon, some photographs

of an, P. Greene on, 617.

.^/Cnomio Science and Statistics, Address

by I^ord Bramwell to the Section of,

749.

Economic theory, the relations between
sliding scales and, by L. L. Price, 623.

Economy in education and in writing, by
E, Pitman, 776.

Edgeworth (Prof. F. T.) on the best
method of ascertaining and measur-
ing variations in the value of the
monetary standard, 181 ; memorandum
on the proposed calculation of index-
numbers, 188 ; on the statistical data
available for determining the amount
of the precious metals in use as money,
&c., 219 ;

on Jevons* method of ascer-
taining the number of coins in circula-

tion, 224 ;
on the statistics of examina-

tion, 763.

Edmunds (H.), the graphophone, 792;
on a system of electrical distribution,
813.

Education: a chapter of economics, by
T. W. Dunn, 773.

, agricultural, by Prof. J. Long, 776.
Education and writing, economy in, by

E. Pitman, 776.

Electric action, figures produced by, on
photographic dr}'- plates, J. Brown on,
666 .

Electric light applied to night naviga-
tion upon the Suez Canal, by R. P.

Sellon, 814.

Electric lighting in America, by Prof.

G. Forbes, 813.

Electric safety lamps for miners, by
N. Watts, 816.

Electrical distribution, a system of,

H. Edmunds on, 813.

Electrical measurements, report of the
Committee for constructing and issu-

ing practical standards for use in, 66 ;

on the permanence of tbe original

standards of resistance of the British

Association and of other standard coils,

66 .

Electrical resistance, standards of,

R. T. Glazebrook on, 616.

Electricity, the application of, to the
working of a 20-ton travelling crane,

by W. Anderson, 808. >

, the measurement of, in a house to

house supply, by W. Lowrie, 814.

, the transference of, within a homo-
geneow oolid conductor. Prof. Sir W,
Thomson on, 670.

, static, a vortex analogue of, by
Prof. W. M. Hicks, 677.

Electricity as applied to mining, by F.

Brain, 815.

Blectro-caldl:.metry, by Prof. W. Stroud
and W. W. H. Gee, 666.

Electro-chemical thermo-dynamics, by
Prof. Willard Gibbs, 343.

Electrodes, small, the polarisation of, in

dilute sulphuric acid. Dr. F. Richarz
on, 850.
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Electrolysis, the dissociation theory of,

reply to Prof. Armstrong’s criticisms

regarding, by S. Arrhenius, 352 ; note
thereon by Prof. H. E. Armstrong,
366.

Electrolysis in its physical and chemical
bearings, third report on, 339.

Electrolysis of thallium trisulphide, Br.
J. H. Gladstone and W. Hibbert on
the, 349.

Electrolytes, the accuracy of Ohm’s law
in. Prof. Fitzgerald and F. Trouton on,

341.

Electrolytic theory, the authorship of,

by Prof. Clausius, 346.

Electro-magnetic induction of incom-
plete circuits, a simple hypothesis for,

with consequent equations of electric

motion in fixed homogeneous or hetero-
geneous solid matter, by Prof. Sir W.
Thomson, 567.

’•‘Electro-magnetic waves, on a modifi-

cation of Maxwell’s equations of, by
Prof. H. A. Rowland, 617.

, on the measurement of the length
of, by Prof. O. J. Lodge, 667.

’•'Electrometric determination of ‘ r,’ by
Profs. Sir W. Thomson, Ayrton, and
Perry, 616.

Ellis (W.) on the best means of com-
paring and reducing magnetic obser-

vations, 28.

El-Wedj, mission to, by Capt. C. Surtees,

747.

Elwes (Capt. W. J.), a new route from
India to Tibet, 741.

Embryos, certain adaptations for the
nutrition of, F. W. Oliver on, 710.

Enseignement technique secondaire en
Italic, I’organisation et la statistique

de r, by Signor Bonghi, 774.

Erosion of the sea-coasts of England and
Wales, the rate of, and the infiuence
of the artificial abstraction of shingle
or other material in that action, report
oni 898.

Erratic blocks of England, Wales, and
Ireland, sixteenth report on the, 101.

Errors of the argument of statistical

tables, J. Kleiber on the, 618.
,

Eruption, the late, in the island of Yul-
cano, Brs. T. Anderson &nd H. J.

Johnston^Lavis on, 664.

Etheridge (B.) on the * manure ’ gravels
of Wexford, 133 ;

on the fossil phyllo-
poda of the paleozoic rocks, 173 ; on
the earthquake and volcanic pheno-,
mena of Japan, 422.

'

Etna, the occurrence of leucite at. Dr.
H. J. Johnston-Lavis on, 669.

Etruscans, Pelasgians, and Iberians

:

their relations to the founders of the
Chaldean and Egyptian civilisations,

by J. S. S. Glennie, 857.

Evans (Dr. J.) on the work of the Corre-
sponding Societies Committee, 255;
on the prehistoric inhabitants of the
British islands, 289; on the advisa-
bility and possibility of establishing
in other ‘parts of the country obser-
vations upon the prevalence ofdearth
tremors similar to those now being

c made in Durham, 522.
Everett (Prof. J. D.) on the desirability

of introducing a uniform nomenclature
for the fun^mental units of me-
chanics, 27 ; on standards for use in
electrical measurements, 55; on the
relations between orbits, catenaries,
and curved rays, 681.

Ewart (Prof.) on the researches on
food-fishes at the St. Andrews marine
laboratory, 141.

Ewing (Prof.) on the advisability and
possibility of establishing in other
parts of the country observations upon
the prevalence of earth tremors similar
to those now being made in Durham,
622.

Examination, the statistics of, Prof. F. Y.
Edgeworth on, 763.

Explosions, the incompleteness of com-
bustion in, by Prof. H. B. Dixon and
H. W. Smith, 632.

Factory industries, the suitability of
small towns for, by R. R. Tanner, 767.

’•‘Fauna of the Firth of Clyde, W. E.
Hoyle on the, 717.

Fayum and Raian basins, the, by Cope
Whitehouse, 746.

Fermat’s theorem, recurring decimals
and. Prof. R. W. Genese on, 680.

Ferns, abnormal, hybrids, and their

parents, by E. J. Lowe and- Col.

Jones, 713.
Figures produced by electric action on

photographic dry plates, J. Brown on,
665.

Fire-damp detector, an automatic, J. W.
Swan on, 817.

’•'Firth of Clyde, the fauna of the, W. B.
Hoyle on, 717.

Fitzgerald (Prof. G. F.) on the desir-

ability of introducing a uniform no-
menclature for the fundamental units

of mechanics, 27 ; on standards for
use in electrical measuretnents, 55 ; on
arranging an investigation of the sea-

sonable variations of temperature in
lakes, rivers, and estuaries, 326 ; on
electrolysis in its physical and chemi-
cal bearings, 339; Address to the
Mathematical and Physical Section by,
667.

and F. Trouton on the accuracy of
Ohm’s law in electrolytes, 341.
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Fitzgerald (M. F.)* steam engine dia>
grams, 819.

Fitzpatrick (C. T.) and R. T. Glazebrook
on the permanence of the original

,
standards of resistance of the British
Association and of other standard coils,

66 .

Fleihing (Dr. J. A.) on the desirability

of introducing a uniform nomenclatu- c
for the fundamental units of mecha-
nics, 27 ;

on standards for use in elec-

trical measurements, 65 ; on electro-

lysis in its physical and chemical bear-
ings, 339.

Flora of China, report on our present
knowledge of the, 420.

Flora of Madagascar, Rev. R. Baron on
the, 724.

Flora of the Bahamas, report on the, 36I.u

Flora of the carbonifeuous rocks of Lan-
cashire and West Yorkshire, report on
the, 160.

Flower (Prof.) on the desirability of fur-

ther research in the Antarctic regions,

316 ; on the present state of our know-
ledge of the zoology and botany of the
West India islands, and on the steps

taken to investigate ascertained defi-

ciencies in the fauna and flora, 437.

Flux and reflux of Water in open channels
or in pipes or other ducts. Prof. J,

Thomson on, 674.

Food-fishes, report of the Committee for

continuing the researches on, at the
St. Andrews marine laboratory, 141.

Forbes (Prof. G.) on standards of light,

39 ; electric lighting in America, 813.

Forbes (Mr.) on our present knowledge
of the flora of China, 420.

•Ford (P. H.), the Transvaal, or South
African Republic, 746.

Fordham (H. G.) on the erratic blocks of
England, Wales, and Ireland, 101 ; on
the provincial museums of the United
Elingdom, 124 ;

on the work of the
Corresponding Societies Committee,
255.

•Formosa; characteristic traits of the
islands and its aboriginal inhabitants,

‘ by G. Taylor, 747.

Fossil arctic plants from the lacustrine t

deposit at Hoxne, in Suffolk, by C.
Reid and H. N. Ridley, 674.

Fossil fishes of Chiavbn, Vicentino
(stratum of Sotzka, lower miocene),
notes of some researches on the, by
Rrof. F. Bassani, 676.

Fossil phyUopoda of the palssozoic rocks,
sixth report on the, 173.

jg'osBils of the limestones of South Devon,
Rev. O. F. Whidborne on some, 681.

Foster (Prof. G. C.) on the desirability of
introducing a uniform nomenclature
for the fundamental units of mecha-

nics, 27 ;
on standards of light, 39 ; on

standards for use in electrical measure-
ments, 65 ; on electrolysis in its phy-
sical and chemical barings, 339.

Foster (Prof. M.) on arrangements for
assisting the Marine Biological Asso-
ciation laboratory at Plymouth, 94;
on the occupation of a table at the
zoological station at Naples, 160; on
the physiology of the lymphatic sys-

tem, 363 ; on the steps taken for esta-

blishing a botanical station at Pera-
deniya, Ceylon, 421.

Fourier’s law of diffusion, five applica-
tions of, illustrated by a diagram of
curves with absolute numerical values,

by Prof. Sir W. Thomson, 671.

Fowler (G. H.) on the development of
the oviduct and connected structures
in certain fresh-water teleostei, 338.

Foxwell (Prof. H. 8.) on the best method
of ascertaining and measuring varia-

tions in the value of the monetary
standard, 181 ;

on the statistical data
available for determining the amount
of the precious metals in use as money,
&c., 219 ;

•the tendency of competition
to result in monopoly, 762.

Frankland (Prof.) on electrolysis in its

physical and chemical bearings, 339.

Frazer (Dr. P.), archaean characters of
the rocks of the nucleal ranges of the
Antilles, 654 ; on a specimen of quartz
from Australia and three specimens of
oligoclase from North Carolina ex-

hibiting curious optical properties, 655.

Friction of metal coils, the, by Prof. H.
Shaw and E. Shaw, 640.

Fundamental units of mechanics, report

of the Committee for considering the
desirability of introducing a uniform
nomenclature for the, and for co-
operating with other bodies engaged
in similar work, 27.

Funeral rites and ceremonies of the
Nicobar islanders, by E. H. Man, 841

.

Gadow (Dr. H.) on the nature of the
' geological terrain as an important
factor in the geographical distribution

of aniiMls, 707.

Galton’ (Kr D.) on ,the circulation of

. underground waters, 145 ; On the work
of the Corresponding Societies Com-
mittee, 266.

Galton (F.) on the work of the Corre-

sponding Societies Committee, 266.

Gardiner (J.) on the occupation of the

table at the zoological station at

Naples, 162.

•Gardiner (W.) on the contrivances for

the seed protection and distribution in

JBlumenbaehia Hi^onymi, Urban, 716.
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Garnett (Prof. W.) on standards for use
in electrical measurements, 55.

Garson (Dr. J. G.) on the prehistoric race

in the Greek islands, 99 ; on the elfects

of different occupations and employ-
ments on the physical development of

the human body, 100 ;
on the work of

the Corresponding Societies Committee,
255 ; human remains from Wiltshire,

839.

and G. W. Bloxam, observations

made in the Anthropometric laboratory

at Manchester, 854.

Gas analysis apparatus, a new, by Dr.
W. W. J. Nicol, 632,

Gaseous fuel, by J. E. Dowson, 805.

Gassner's dry cells, comparison of, with
Leclanch6’s, by W. L. Carpenter, 566.

Gasterox)ods and cephalopods, some De-
vonian, Bev. G. F. Whidborne on, 680.

Gaudry (Prof. A.) on the gigantic size of

some extinct tertiary mammalia, 660.

Gee (W. W, H.) and Prof. W. Stroud,
electro-calorimetry, 665.

Genese (Prof. R. W.) on the desirability

of introducing a uniform nomenclature
for the fundamental units of mechanics,

27 ;
on centres of finite twist and

stretch, 579 ;
on recurring decimals

and Fermat’s theorem, 580.

Geographical distribution of animals, the

nature of the geological terrain as an
important factor in the, Dr, H. Gadow
on, 707.

Geographical Section, Address by Col.

Sir C. W. Wilson to the, 729.

Geographical terminology, note on, by
H. J. Mackinder, 746.

Geography,the,of theregion from theNile

to the Euphrates as known to the an-
cient Egyptians, notes on, by Rev. H. G.
Tomkins, 741.

Geological photography, local, O. W.
Jeffs on, 663.

Geological Section, Address by Prof. W.
Boyd Dawkins to the, 644.

Geological terrain, the nature of the, as

an important factor in the geographical
distribution of animals, Dr. H. Gadow
on, 707.

Geology of Somerset, some points ofi

interest in the, by W. A. E. Ussher, 659.

Geometry of four dimensions,^. T. Dixon
on, 618.

Gibbons (G.), dairy industry, 778.

Gibbs (Prof. Willard), electro-chemical

thermo-dynamics, 343.

Giffen (R.) on the best method of ascer-

taining and measuring variations in
'

the value of the monetary' standard,

181 ;
on the statistical data available

for determining the amount of the
precious metals in use as money, &c.,

219.

•Gilbert (G. K.), notes on topograph!
maps produced by the United State
Geological Survey, 747.

Gilson (Prof. G.), the odoriferous appa
ratus of the Blapt mortisaga (^Coleo

ptera\ 727.
Gladstone (Dr. J. H.) on the preseni

methods of teaching chemistry, 78 ; or

V the teaching of science in elementary
^ schools, 164; on electrolysis in its

physical and chemical bearings, 339.

and W. Hibbert on the conduction
of alloys and solid sulphides, 347 ; on
the electrolysis of thallium trisulphide,

349 ; on the molecular weight oi

caoutchouc and other colloids, 640.
Glaisher (J.) on the circulation of under-
ground waters, 145 ; on the advisability

. ,
and possibility of establishing in other
parts of the cgiuntry observations upon
the prevalence of earth tremors similar
to tl^se now being made in Durham,
522.

Glazebrook (R. T.) on the desirability of
introducing a uniform nomenclature
forthe fundamental units of mechanics,
27 ; on standards for use in electrical

measurements, 55 ;
on electrolysis in

its physicaland chemical bearings, 839

;

on standards of electrical resistance,
616.

and T. 0. Fitzpatrick on the per-
manence of the original standards of
resistance of the British Association
and of other standard coils, 56.

Glennie (J. 8. S.) on the prehistoric race
in the Greek islands, 99 ;

Pelasgians,

Etruscans,and Iberians : their relations

to the founders of the Chaldean and
Egyptian civilisations, 857.

Gouraud (Col. G. E.), the phonograph,
792.

Granitoid gneiss or gneissoid granite,

the occurrence of a boulder of, in the
Halifax hard-bed coal, J. Spencer on,

661 ; note thereon by Prof. T, G.
Bonney,

Grantham (R. B.), on the erosion of the
sea-coasts of England and Wales, 898.

Graphics, comparative, some su^estions
for greater uniformity in, by Rev. J. F.
Heyes, 769.

Graphite in the archaean rooks, Rev. 4*

Irving on the origin of, 679. '

Graphophone, the, by H. Edmunds, 792.

Gray (T.) on standards for use in electri-

cal measurements, 65; on the earth-
quake and volcanic phenomena of
Japan, 422 ; on the advisability and
possibility of establishing in other
parts of the country observations upon
the prevalence of earth tremors similar
to those now being made in Durham,
622.
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Great oolite, the relations of the, to the
forest marble and fuller’s-earth in the
South-west of England, bj H. B.
Woodward, 661.

Grece (Dr. G. J ), the standard, or basis,

of taxation, 766.

Greene (F.) on a photographic image of

an ^electric arc lamp, probably due to

phosphorescence in the eye, and on
some photographs of an eclipse of the
moon, 617.

Greenhill (A. G.) on the desirability of

introducing a uniform - nomenclatv.re
for thefundamental units of mechanics,
27. , !

Gregorian calendar, the general adoption
of the, in relation with that of the

universal hour. Dr. 0. Tondini de
Quarenghi on, 747.

Griffith (G.) on 'the desirability of intro-

ducing a uniform nomenclature for

the fondamental units of mechanics,

27.

Grossmann (Dr. K.) on colour-blindness,

838.

Haddon (Prof. A. C.) on arrangements
for assisting the Marine Biological

Association laboratory at Plymouth,
94 ; on the provincial museums of the
United Kingdom, 124 ;

on the occupa-
tion of a table at the zoological st^on
at Naples, 160.

Hale (H.), notes on Eev. E. F. Wilson’s

report on the Sarcee Indians, 253.

Haliburton (B. G.) on the North-western
tribes of the dominion of Canada, 233 ;

*akkas and dwarfs in Southern
Morocco, 746.

Halliburton (Dr.W. D.)on thephysiology

of the lymphatic system, 363.

Hambleton (Dr. G. W.) on the effects of

different occupations and employments
on the physical development of the

human body, 100; notes on chest-

types, 849.

Harcourt (A. G. Vernon) on standards of

light, 39 ;
on the present methods of

teaching chemistry, 73.

Harcourt (L. F. Vernon), on the erosion

of the sea-coasts of England and Wales,
898.

Harmonic series of lines, the, in the

spectra of the elements. Prof. C. Bunge
on, 676.

Harris (W. J.), an examination into the

reasons of the price of wheat rising or.

falling contemporaneously with the

yariation in the value of foreign cur-

.rencies, 767.

Hiurrison (C.), leasehold enfranchisement,

770.
Harrison (J. P.), the definition of a nation,

860.

1888.

Hartley (Prof.) on the action of light on
the hydracids of halogens in presence
of oxygen, 89 ; on electrolysis in its
physical and chemical bearings, 339.

Hartog (Prof. M. M.) on the steps taken
for establishing a botanical station at
Peradeniya, Ceylon, 421; on adelpho-
taxy, an undescribed form of irrita-

bility, 702
;
preliminary note on the

functions and homologies of the con-
tractile vacuole in plants and animals,
714.

Harvic-Brown (J. A.) on the migration
of birds, 146.

Hayward (K. B.) on the desirability of
introducing a uniform nomenclature
for the fundamental units of mechanics,
27.

Hazard (Col. R. R.), underground rail-

way communication in great cities,
821.

Heape (W.) on arrangements for assist-

ing the Marine Biological Association
laboratory at Plymouth, 94.

Hemsley (W. B.), botanical bibliography
of the Lesser Antilles, 438.

Herschel (Prof. A. S.) on the work of the
Differential Gravity Meter Committee,
72.

Heyes (Rev. J. F.) on statigrams, with
some suggestions for greater uniformity
in comparative graphics, 769.

Heywood (J.) on the teaching of science
in elementary schools, 164.

Hibbert (W.) and Dr. J. H. Gladstone
on the conduction of alloys and solid
sulphides, 347 ; on the electrolysis ot
thallium trisulphide, 349 ; on the mole-
cular weight of caoutchouc and other
colloids, 640.

Hicks (Dr. H.) on the prehistoric in-
habitants of the British islands, 289

;

on an ancient sea-beach near Bridling-
ton Quay, 328.

Hicks (Prof. W. M.) on the desirability
of introducing a uniform nomenclature
forthe fundamental units of mechanics,
27 ; a vortex analogue of static elec-
tricity, 677.

Higgins (J.), Somersetshire cider, 769.
Hill (E. J.) on the disengaging of boats,

&c., 807.
^

Hillhowoe (Prof.) on the provincial mu-
seums of the United Kingdom, 124.

Hooker (Sir J. D.) on the desirability of
further research in the Antarctic
regions, 316.

Hopkinson (I^r. J.) on standards of light,

39 ; on standards for use in electrical

measurements, 66; on electrolysis in
its physical and chemical hearings,
839.

Hopkinson (J.) on the provincial mu-
seums of the United Kingdom, 124

;

3p
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on the work of the Corresponding So-
cieties Committee, 266.

Howarth (O. H.) on the recent volcanic
structure of the Azorean Archipelago,
671 ; the survival of corporal penance,
849.

Howitt (A. W.), Australian message-
sticks and messengers, 842.

Howorth (H. H.) on the effects of dif-

ferent occupations and employments
on the physical development of the
human body, 100.

Hoyle (W. E.) *00 the fauna of the Firth
of Clyde, 717 ; ’•‘on a deep-sea tow net,

ih.

Hughes (Prof. T. McK.) on the erratic

blocks of England, Wales, and Ireland,

101 .

Hull (Prof. E.) on the circulation of
underground waters, 145 ;

on the ad-
visability and possibility of establish-

ing in other parts of the cpuntry obser-
vations upon the prevalence of earth
tremors siibilar to those now being
made in Durham, 622.

Human bones discovered by Gen. Pitt-

Rivers at Woodcuts, Rotherley, &c..

Dr. Beddoe on, 839.

Human remains from Wiltshire, by Dr.
J. G. Ghrson, 839.

Hunt (Dr. T. S.) on the study of mine-
ralogy, 627 ; the theory of solution,

636 ;
mincralogical evolution, 682.

Hurricanes, modern views about, as com-
pared with the older theories, by Hon.
R. Abercromby, 686.

Huxley (Prof.) on the desirability of fur-

ther research in the Antarctic regions,

316. .

Hydracids of halogens, the action of light

on the, in presence of oxygen, report
on, 89.

Hydrogen and chlorine bulbs, on photo*
graphing, by aid of the flash of light
which caused their explosion, by Prof.
P. P. Bedson, 633.

Hydrostatic balance, J. Joly on a, 664.
Hyksos, the, or shepherd-kings of Egypt,

notes on, by Rev. H. G. Tomkins, 856.

Iberians, Pelasgians, and Etruscans; their

relations to the founders d£ the Chal-
dean and Egyptian civilisations, by J.

S. S. Glennie, 867.

IchthyosawmSt an, from Mombasa, East
Africa, Prof. H. G. Seeley on, with
observations on the vertebral characters
of the genus, 677.

Igneous succession in Shropshire, an, by
W. W. Watts, 686.

Impedance of conductors to Leyden-jar
discharges. Prof. O. J. Lodge on the,

667.

Index-number, an official, memorandum
on, 186.

Index-numbers, the accuracy of the pro-
posed calculation of, memorandum on,
by Prof. P. Y. Edgeworth, 1 88t

as illustrating the progressive ex-
ports of British produce and manufac-
tures, by *S. Bourne, 636.

India, a new route from, to Tibet, by
f Capt. W. J. Elwes, 741.
Indian exports, the efPects on, of the fall

in the gold price of silver, by L. C.
Probyn, 768.

Industrial education, the, of women
abroad and at home, by E. J. Wather-
ston, 771.

Industrial statistics, by W. Botly, 760,
Initial meridian for the universal hour,
a suggestion from the Bologna Aca-
demy of Science towards an agreement
on the, by Dr.^C. Tondini de Quarenghi,
618L

International standards, proposed, to
' control the analysis of iron and steel,

by Prof. J. W. Langley, 640.
lolite, the occurrence of, in the granite

of CO. Dublin, J. Joly on, 685.
Irishwomen’s industries, by Miss H.

Blackburn, 772.
Iron and coal industries, the effect of
mining royalties on the. Prof. W. R.
Sorley on, 766.

Irving (Rev. A.) on dissociation, 630;
chemistry as a school subject, 634;
note on the relation of the percentage
of carbonic acid in the atmosphere to
the life and growth of plants, 661 ; on
the origin of graphite in the archasan
rocks, with a review of the alleged
evidence of life on the earth in archaean
time, 679.

Isomeric naphthalene derivatives, third
report on, 96.

Jamieson (Prof. A.), the old Orkney click

mill, 807.

Janssen (Dr. J.) sur I’application de
I’analyse spectrale ^ la m^canique
molSculaire et sur les spectres de
I’oxygftne, 647 ; analyse chronom6trique
des ph^nomfenes 61ectriques lumineux,
616.

Japan, the earthquake and volcanic phe-
nomena of, eighth report on, 422.

, the recent magnetic survey of.

Prof. C. G. Knott on, 688.

Jeffs (O. W.) on local geological photo-
graphy, 658.

Jerusalem : Nehemiah’s Wall and the
royal sepulchres, by G. St. Clair, 744’.

Jevons’ method of ascertaining the num-
ber of coins in circulation. Prof. F« Y.
Edgeworth on, 224.
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Johnson (Prof. A.) on promoting tidal

observations in Canada, 27.

Johnston (H. H.), the Cameroons, 745.

Johnston-Lavis (Dr. H. J.) on the vol-

canic phenomena of Vesuvius and its

neighbourhood, 320 ;
on the conserva-

tion of heat in volcanic chimneys, 666

;

oiai a mass containing metallic iron
found on Vesuvius, 667 ,* on the occur-
rence of leucite at Etna, 669.

and Dr. T. Anderson on the late

eruption in the island of Vulcano, 664.

Joly (J.) *on a hydrostatic balance, 664;
on the meldometer, ib . ;

on a diffusion

photometer, 678 ; on reading electri-

cally meteorological instruments dis-

tant from the .observer, 689 ; on the
formation of crystals of calcium oxide
and magnesium oxide in the oxyhydro-
gen flame, 634 ;

on the temperature at
which beryl is decolorised, 684 ; on
the occurrence of iolite in the iranito

of CO. l»ublin, 685.

Jones (Col.) and E. J. Lowe, abnormal
ferns, hybrids, and their parents, 713.

Jones (F.) on the present methods of
teaching chemistry, 73.

Jones (Prof. T. R.) on the fossil phyllo-

poda, of the palaeozoic rocks, 173.

Jordan, recent explorations east of the,

by Capt. A. M. Mantell, 743.

Judd (Prof.) on the advisability and pos-

sibility of establishing in other parts

of the country observations upon the
prevalence of earth tremors similar to

those now being made in Durham,
622.

Kakongo, through, by Q. E. Dennett,
746.

Kew corrections for mercury thermo-
meters, some accurate charts of, W.
N. Shaw on, 690.

* King Orry’s grave,’ the monument
known as, compared with tumuli in

’ Gloucestershire, by Miss A. W. Buck-
land, 864.

Kleiber (J.) on the errors of the argu-

ment of statistical tables, 618.

Knott (Prof. C. G.) on the recent mag-
netic survey of Japan, 688.

Lake Bangweolo and Dr. Livingstone,

by E. G. Ravenstein, 746.

Lamb (Prof.) on the desirability of in-

troducing a uniform nomenclature for

the fundamental units of mechanics,

27.

Xamiftaria hulhosat the development of

the bulb in, 0. A. Barber on, 710.

Lemplugh (G. W.) on an ancient sea-

beach near Bridlington Quay, 828.

Langley (Prof. J. W.), proposed inter-
national standards to control the ana-
lysis of iron and steel, 640.

Lankester (Prof. Ray) on arrangements
for assisting the Marine Biologic^
Association laboratory at Plymouth,
94 ;

on the researches on food fishes

at the St. Andrews marine laboratory,

141 ; on the* occupation of a table at
the zoological station at Naples, 160 ;

on the development of the oviduct and
connected structures in certain fresh-

water teleostei, 338 ;
on the physiology

of the lymphatic system, 363.

Larmor (J.) on the desirability of intro-

ducing a uniform nomenclature for
the fundamental units of mechanics,
27 ;

on electrolysis in its physical and
chemical bearings, 339.

Laurie (A. P.), the composition of copper-
tin alloys, 637.

Leasehold enfranchisement, by C. Harri-
son, 770.

Lebour (ProL G. A.) on the circulation of
underground waters, 146 ;

on the ad-
visability and possibility of establish-

. ing in other parts of the country
observations upon the prevalence of
earth tremors similar to those now
being made in Durham, 622.

Leclanch6’s cells, comparison of, with
Gassner’s dry cells, by W. L. Carpen-
ter, 666.

Leeds (Dr. A. R.) on the bibliography of
solution, 64.

Lefroy (Gen. Sir J. H.) on the best
means of comparing and reducing
magnetic observations, 28 ;

on the
work of the Differential Gravity Meter
Committee, 72 ; on the North-western
tribes of the dominion of Canada,
233.

Lesseps (F. de), le canal de Panama,
788.

Lesser Antilles, botanical bibliography
of the, by W. B. Hemsley, 438.——,

zoological bibliography of the, by
D. Sharp, 438.

Leucite, the occurrence of, at Etna, Dr.

,
H. J. Johnston-Lavis on, 669.

.
Levden-jar discharges, the impedance of

conductors to. Prof. O, J. Lodge on,

667, ^

Licencef proposed to. be transferred in

aid of local expenditure, R. H. Inglis

Palgrhve on the distribution of, 764.

Life on the earth in archeean time, a re-

view of the alleged evidence of, by
Rev. A. Irt ing, 679.

Light, standards of, fourth report on, 39

;

photometric comparison of candles,

the pentane standard, the new pentane
Imnp, and the amyl-acetate lamp, 41

;

incandescent platinum, 47.

3 p 2
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Light, the action of, on the hydracids of
halogens in presence of oxygen, report

on, 89.—, , on water colours, Dr. A.
Bichardson on, 641.

Light in an electrolytic liquid, is its

velocity influenced by an electric cur-

rent in the direction of propagation ?

by Lord Kayleigh, 341.

Light or road railways, a few arguments
in favour of, by T. S. P. W. D’A. Sellon,

794.

Lightning conductors, discussion on, 691.

Lily disease, a, by Prof. H. M. Ward,
702.

Lister (J. J.) on the natural history of
Christmas Island, 708 ;

on some points
in the natural history of the coral

fungia, 717.
* Little Russia,’ by E. D. Morgan, 740.
Liveing (Prof.) and Prof. Dewar on the

absorption spectrum of oxygen, 676.

Living Dodies, the chemical problems
presented by, discussion on, 631.

Livingstone, Dr., and Lake Bangweolo,
by E. G. Ravenstein, 746.

Lloyd (S.) on an improved canal lift,

797.

Lobley (J. L.) on the causes of volcanic
action, 670.

Local Government Bill, amendments
founded on experience submitted for

the, by E. Chadwick, 779.

*Lockyer (J. N.), the spectra of meteor-
ites compared with the solar spectrum,
676.

Locusts in Cyprus, S. Brown on, 716.

Lodge (A.) on the desirability of intro- '

ducing a uniform nomenclature for

the fundamental units of mechanics,
27.

Lodge (Prof. O. J.) on the desirability

of introducing a uniform nomenclature
for the fundamental units of me-
chanics, 27 ; on standards for use in

electrical measurements, 65 ; on elec-

trolysis in its physical and chemical
bearings, 339 ;

on the measurement of
the length of electro-magnetic waves,
667 ; on the impedance of conductors
to Leyden-jar discharges, ib. t

Logarithmic law, the, and its connec-
tion with the atomic weigfits. Dr. G. J.

Stoney on, 630.

^Logarithmic law of atomic weights.
Dr. G. J. Stoney on the proo^ of the,

662.
Long (Prof. J.), agricuUjural education,

776.
Longstaff (G. B.), reasons for a quin-

queimial census, 769.

Love (A. E. H.), on the oscillations of a
rotating liquidspheroidand the genesis
of the moon, 662.

Love (B. J.) on electrolysis in its physi-
cal and chemical bearings, 339.

Lowe (B. J.) on the effects of the wea-
ther of 1888 on the animal and vege-
table kingdoms, 726.

and Col. Jones, abnormal ferns,

hybrids, find their parents, 713.

Lowrie (W.), the measurement of elec-

tricity in a house-to-house supply,
« 814.

Lubbock (Sir J.) on the teaching of
science in elementary schools, 164;
on the prehistoric inhabitants of the
British islands, 289 ; on the desira-

bility of further research in the Ant-
arctic regions, 316 ; *on the instincts

of solitary wasps and bees, 706.
Luray, the caverns of, by Chev. R. B.

Reynolds, 662.
‘ Lymphatic system, the physiology of the,

second report on, 363.

McClintock (Sir L.), on the desirability
of further .research in the Antarctic
regions, 316.

Macfarlane (Dr.) on the provincial mu-
seums of the United Kingdom, 124.

MacGregor (Prof. J, G.) on promoting
tidal observations in Canada, 27; on
the desirability of introducing a uni-
form nomenclature for the fundamental
units of mephanios, ih.

McIntosh (Prof.) on the researches on
food-fishes at the St. Andrews marine
laboratory, 141.

McKendrick (Prof.) on the researches on
food-fishes at the St. Andrews mari}ie
laboratory, 141 ; on the marine bio-
logical station at Granton, 319.

Mackenzie (Rev. J.), Bechuanaland and
the Land of Ophir, 745.

Mackinder (H. J.), note on geographical
terminology, 746.

Mackintosh (D.) on the erratic blocks of
England, Wales, and Ireland, 101.

McLaren (Lord) on meteorological ob-
servations on Ben Nevis, 49.

McLeod (Prof. H.) on the bibliography
of solution, 64 ; on the present methods
of teaching chemistry, 73 ; on electro-

lysis in its physical and chemical bear-
ings, 339.

Madagascar, the flora of. Rev. R. Baron
on, 724.

Magnetic disturbances at Fort Rae ih
1882>83, by Major H. P. Dawson, 31.

Magnetic observations, fourth report of
the Committee for considering the
best means of comparing and’reduc-
ing, 28; results of a comparison I6e-

tween the wind values and declination
disturbances at the Kew Observatory,
by Prof. Balfour Stewart and W. L.
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Carpenter, ib . ;
magnetic disturbances

at Fort Kae in 1882-83, by Major
H. P. Dawson, 31.

Magnetic survey of Japan, the recent.

Prof, C. G. Knott on, 688.

Magnetisation of soft iron bars of various

lengths in a uniform magnetic field, A.
Tai]ukadat6 on the intensity of, 666.

Main (P. T.), se^nd report on our ex-

perimental knomedge of the properties
of matter with respect to volume,
pressure, temperature, and specific

heat, 466.

Malthusian theory, the, by E. Chadwick,
777.

Malvern, the crystalline schists of. Dr.

C. Callaway on the origin of, 653.

Malvern Hills, the crystalline axis of the,

sketch of the geology of, by Dr. C.

Callaway, 664.

Mammalia, some extinct tertiary the
gigantic size of. Prof. A. Gau^y on,

660.

Mammalian molar teeth, the evolution
of the, to and from the tritubercular

type, by H. F. Osborn, 660.

Man (E. H.) on the funeral rites and
ceremonies of the Nicobar islanders,

844.

Manchester ship canal, plant and machi-
nery in use on the, by L. B. Wells, 796.

Mannesmann process, on rolling seamless
tubes from solid bars or ingots by the,

by F. Siemens, 804.

Mantell (Capt. A. M.), recent explora-

tions east of the Jordan, 743.
* Manure ’ gravels of Wexford, second rc-

- port on the, 133.

Maps, perspective and common, by A.

W. Clayden, 740.

, topographic, produced by the

United States Geological Survey, notes

on, by G. K. Gilbert, 747.

Marine Biological Association laboratory

at Plymouth, the, report of the Com-
mittee for making arrangements for

assisting, 94.

Marine biological station at Granton,
Scotland, report of the.Committee for

aiding in the maintenance of the es-

taUi^ment of a, 319.

Marriage and descent, the laws of, on a
method of investigating, by Dr. E. B.

Tylor, 840.

Marriage customs of the New Britain

group, by Eev. B. Danks, 847.

M^h (J. B.) on closed-chain formulae,

631; on Van’t Hoff’s hypothesis and
the constitution of benzene, ih.

M&rsh (Prof. 0. C.), comparison of the
principalformsof LinoBavriaot Europe

.
and America, 660; restoration of

JSrontoj^B TohustuBf from the miocene
of America, 706.

Marshall (Prof. A.) on the best method
of ascertaining and measuring varia-

tions in the value of the monetary
standard, 181 ;

on the statistical data
available for determining the amount
of the precious metals in use as money,
&c., 219.

MarsWl (Prof. A. M.) on the provincial

museums of the United Kingdom, 1 24

;

' on the occupation of a table at the
zoological station at Naples, 160; on
the development of the oviduct and
connected structures in certain fresh-

water teleostei, 338.

Marten (E. B.) on the circulation of
underground waters, 146.

Martin (J. B.) on the best method of
ascertaining and measuring variations

in the value of the monetary standard,

181 ;
on the statistical data available

for determining the amount of the
precious metals in use as money, &c., ,

219.

Maskelyne (Prof. N. S.) on the teaching
of science in elementary schools, 164.

Mass, a, containing metallic iron found
on Vesuvius, Dr. H. J. Johnston-Lavis
on, 667.

Mathematical and Physical Section, Ad-
dress by Prof. G. F. Fitzgerald to the,

667.

Matter, second report on our experimental
knowledge of the properties of, with
respect to volume, pressure, tempera-
ture, and specific heat, 466.

Mavor (J.) on wage statistics and
theories, 767.

Maxwell’s equations of electromagnetic
waves, Prof. H. A. Bowland on a modi-
fication of, 617.

Mecanique mol6culaire, sur I’application

de I’analyse spectrale t, la, par Dr. J.

Janssen, 647.

Mechanical pathology considefed in its

relation to bridge design, by G. H.
Thomson, 793.

Mechanical Section, Address by W. H.
Preece to the, 781.

Melanesia, social regulations in, by Bev.
• ’ B. H. Codrington, 843.

' Meidola (Prof. B.) on the present me-
thods o| teaching chemistry, 73 ; on
the work of the Corresponding Societies

, Committee, 266 ;
on the prehistoric

inhabitants of the British Islands, 289

;

on the advisability and possibility of

establishing in other parts of the coun-

try observ?^^ ions upon the prevalence

of ^th tremors similar to those now
being made in Durham, 522 ; evidence
of the tetravalency of oxygen derived

from the constitution of the azonaph-
thol'Compounds, 635.

Meldometer, J. Joly on the, 564.
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Metal coils, the friction of, by Prof. H.
Shaw and E. Shaw, 640.

Meteorites, on the mechanical condi-

tions of a swarm of, and on theories

of cosmogony, by Prof. G. H. Darwin,
690.

, the spectra of, compared with the

solar si)ectrum, by J. N. Lockyer,
676.

Meteorological conditions of the Red
Sea, by Lient.-Gen. Strachey, 738.

Meteorological instruments distant from
the observer, on reading electrically,

by J. Joly, 689.

Meteorological observations on Ben
Nevis, report of the Committee for

co-operating with the Scottish Me-
teorological Society in making, 49.

Microscopic structure of the older rocks
of Anglesey, report on the, 367.

Midford sands, further note on the, by
H. B. Woodward, 660.

Migration of birds, report on the, 146.

Mill (Dr. H. R.) on arranging an inves-

tigation of the seasonal variations of

temperature in lakes, rivers, and es-

tuaries, 326; on the temperature of

some Scottish rivers, 688 ;
the salinity

of the Clyde Sea area, 738 ;
sea tem-

peratures on the continental shelf,739.

Miller (J. B.) and Dr. W. Bott, further

researches on the pyrocresols, 642.

Milne (Prof. J.) on the earthquake and
volcanic phenomena of Japan, 422.

Milne-Home (Mr.) on meteorological
observations on Ben Nevis, 49.

Mineral and thermal waters, British, a
list of works referring to, by W. H.
Dalton, 869.

Mineralogical evolution, by Dr. T. S.

Hunt, 682.

Mineralogy, the study of, Dr. T. S. Hunt
on, 627.

Miners’ electric safety-lamps, by N.
Watts, 816.

Mining royalties and their effect on the
iron and coal industries, Prof. W. R.
Sorley on, 766.

Molecular weight of caoutchouc and
other colloids. Dr. J, H. Gladstone and
W. Hibbert on the, 640.

Monetary standard, the, variations in the
value of, second ' report on the best

method of ascertaining and measuring,

181 ; memorandum on an official index-
number, 186 ;

memorandum by Prof.

F. Y. Edgeworth on the accuracy of
the proposed calculation of index-
numbers, 188.

Moon, on the genesis of the, and’ the
oscillations of a rotating liquid sphe-
roid, by A. E. H. Love, 662,

, some photographs of an eclipise of
the, F. Greene on, 617.

More (A. G.) on the migration of birds,

146.

Morgan (E. D.), ‘Little Russia,’ 740;
Russian topographical surveys, 741.

Morocco, Southern, akkas and dwarfs
in, by R. G. Haliburton, 746.

Mortar, the ‘ancient Roman, fronv the
London Wall, the composition of, by

Spiller, 637. ^
Morton (G. H.) on the circulation of
underground waters, 146.

Moseley (Prof.) on arrangements for as-

sisting the Marine Biological Associa-
tion laboratory at Plymouth, 94 ; on
the occupation of a table at the
zoological station at Naples, 160 ; on
the desirability of further research in

the Antarctic regions, 316.

•'Mott (F. T.) on the provipoial museums
of the United Kingdom, 124.

Muir (Dr.) on the desirability of intro-

ducing a uniform nomenclature for the
fundamental units of mechanics, 27.

Muir (P.) on the present methods of
teaching cheruistry, 73.

Muirhead (Dr. A.) on standards for use
in electrical measurements, 66.

Muirhead (Dr. H.) on the effects of
different occupations and employments
on the physical development of the
human body, 100 ;

on the prehistoric

inhabitants of the British islands, 289.

Mulhall (M. G.), the growth of American
industries and wealth, 767.

Munro (Dr. R.) on the prehistoric inhabi-

tants of the British islands, 289.

Murray (G. M.) on the flora of the
Bahamas, 361.

Murray (Dr. J.) on meteorological obser-

vations on Ben Nevis, 49 ; on the de-
sirability of further research in the
Antarctic regions, 316 ;

on the marine
biological station at Granton, 319 ; on
arranging an investigation of the sea-

sonal variations of temperature in

lakes, rivers, and estuaries, 326.

Nares (Capt. Sir G.) on the desirability

of further research in the Antarctic

regions, 316 ;
on the erosion of the sea-

coasts of England and Wales, 898.

Nation, the definition of a, by J. P. Harri-

son, 860.

Necklaces in relation to prehistoric c6m-
merce, by Miss A. W. Buckland, 849.

Nehemiah’s wall and the royalsepulchres,

. by G. St. Clair, 744.

Nepenthes, the morphologyof thepitcher
of. Prof. Bower on, 702.

New Britain group, marriage customs of

the, by Rev. B. Danks, 847. ^
Newberry (P. E.) on the plant-remhins
. discovered by Mr, W. M. Flinders
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Petrie in the cemetery of Hawara,
Lower Egypt, 712.

Newton (Prof. A.) on the migration of
birds, 146 ; on the present state of our
knowledge of the zoology and botany
of the West India islands, and on the
steps taken to investigate ascertained
deficiencies in the fauna and flora, 437 ;

on the irruption of Syrrhaptes para-
domtiy 703.

' *

Nicholson (Prof. J. S.) on the best
methods of ascertaining and mea*
suring variations in the value of i.he

monetary standard, 181 ; on the statis-

tical data available for determining
the amount of the precious metals in

use as money, &c., 219.

Nicobar islanders, the funeral rites and
ceremonies of the, E. H. Man om
844.

Nicol (Dr. W. W. J.) on the bibliopraphy
of solution, 64 ; on the natare of

solution, 93 ; a new gas analysis

apparatus, 632.

Nile, the region from the, to the Euphra-
tes, notes on the geography of, as
known to the ancient Egyptians, by
Rev. H. Q-. Tomkins, 741 ;

remarks
thereon by Major Conder, 743.

Nile flood, the Raiyan project for the
storage of, by Cope Whitehouse, 799.

Niven (Prof. C.) on the work of the
Differential Gravity Meter Committee,
72.

Norfolk (F.), the vital and commercial
statistics of Bath, 780 ; *o]d age and
sickness assurance for the mercantile
and professional classes, i6.

North-western tribes of the dominion of
Canada, fourth report on the physical

characters, languages, and industrial

and social condition of the, 283; re-

port on the Sarcee Indians, by Rev. E.

P. Wilson, 242 ; notes thereon by H.
Hale, 253.

Nutrition of embryos, certain adapta-
tions for the, P. W. Oliver on, 710.

Observationsmade in the anthropometric
laboratory at Manchester, by G. W.
Blozam and Dr. J. G. Garson, 864.

Occupations and employments, different,

the effects of, on the physical develop-

ment of the human body, report on,

100.

•

Ohm’s law in electrolytes. Prof. Fitz-

gerald and P. Trouton on the accu- \

racy of, 341.

Older rocks of Anglesey, report on the
microscopic structure of the, 367.

,piigoclase, three specimens of, from
North Carolina, exhibiting curious op-
tical properties, Dr. P. Frazer on, 665.

\

Oliver (Prof.) on our present knowledge
of the flora of China, 420.

Oliver (P. W.) on certain adaptations
for the nutrition of embryos, 710.

Ommanney (Adm. Sir E.), on the desira-

bility of further research in the Ant-
arctic regions, 316 ;

on the erosion of

the sea-coasts of England and Wales,
898.

Oolitic texture in limestone rocks. Prof.

H. G. Seeley on the origin of, 674.

Ophir, the Land of, and Bechuanaland,
by Rev. J. Mackenzie, 746.

Orbits, catenaries, and curved rays, Prof.

J. D. Everett on the relations between,
681.

Ordnance Survey, photographic and
photozincographic processes employed
in the, by Col. J. H. Bolland, 746.

Orkney click mill, the old, by Prof. A.

Jamieson, 807.

Osborn (H. F.), the evolution of the mam-
malian molar teeth to and from the
tritubercular type, 660.

Oviduct, the, and connected structures in

certain fresh-water teleostei, report on
the development of, 338.

Oxygen, evidence of the tetravalency of,

derived from the constitution of the
azonaphthol-compounds, by Prof. R.

Meldola, 635.

, the absorption spectrum of. Profs.

Liveing and Dewar on, 676.

, the atomic weight of. Dr. A. Scott

on, G31.

Oxyg6ne, les spectres de 1’, Dr. J. Janssen
sur, 647.

Pachytheca, a Silurian alga of doubtful
aflSnities, C. A. Barber on, 711.

Pahang, an independent state in the

Malayan peninsula, W. B. d’Almeida
on, 747.

Palgrave (R. H. Inglis) on the best

method of ascertaining and measur-
ing variations in the value of the

monetary standard, 181 ; on the statis-

tical data available for determining
the amount of the precious metals in

use as money, &c., 219 ;
on the distri-

bution of the licences proposed to be
transfeired in aid of loc^ expenditure,

,
764.

Panama, le canal de, by F. de Lesseps,

738. «

Parsons (Capt. J.) on the erosion of the

sea-coasts pf England and Wales, 898.

Paterson (Dr. A. M.) on the effects of

different occupations and employments
on the physical development of the

human body, 100.

Pearse (J. W.), transmission of motion
and power, 823.
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Felasgians, Etruscans, and Iberians

:

their relations to the founders of the
Chaldean and Egyptian civilisations,

by J. S. S. Glennie, 867.

Pengelly (W.) on the prehistoric race in

the Greek islands, 89 ; on the erratic

blocks of England, Wales, and Ireland,

101 ; on the circulation of underground
waters, 146 ; on the prehistoric inhabi-

tants of the British islands, 289. ,

Peradeniya, Ceylon, second report on the
steps t^en for establishing a botanical

station at, 421.

Permanence of the original standards of

resistance of the British Association
and of other standard coils, R. T. Glaze-

brook and T. C. Fitzpatrick on the, 56.

Perry (Prof. J.) on standards for use in

electrical measurements, 65.
• and Profs. Sir W. Thomson and

Ayrton, electrometric determination of
‘ v: 616.

Perry (Prof. S. J.) on the best means of

comparing and reducing magnetic ob-

servations, 28.

Petrie, Mr. W. M. Flinders, the plant
remains discovered by, in the cemetery
of Hawara, Lower Egypt, P. E. New-
berry on, 712.

Ph6nom6nes 61ectriques lumineux, ana-
lyse chronom6trique des, par Dr. J.

Janssen, 615.

Phonograph, the, by Col. G. E. Gouraud,
792.

Photographic and photozincographic
processes employed in the Ordnance
Survey, by Col. J. H. Bolland, 746.

Photographic image of an electric arc
lamp, a, probably due to phosphores-
cence in the eye, F. Greene on, 617.

Photographing hydrogen and chlorine

bulbs by aid of the flash of light which
caused their explosion. Prof. P. P.

Bedson on, 633.

Photography, local geological, O. W. Jeffs

on, 653.

Photometer, a diffusion, J. Joly on, 678.

Phyllopoda, the fossil, of the palajozoic

rocks, sixth report on, 173.

Physical Section, the Mathematical and.
Address by Prof. G. F. Fitzgerald to,

657.

Physiology of the lymphatic® system,
second report on the, 363.

Pickering (Prof.) on the bibliography of
solution, 64. .

Pidgeon (W. B.), the Shipman engine,

806. ^
Pitman (E.), economy in education and

,

in writing, 776.

Pitt-Rivers (Lieut.-Gen.) on the effects

of different occupations and employ-
ments on the physical development of
the human body, 100 ; on the work

of the Corresponding Societies Com-
mittee, 256 ;

Address to the Anthropo-
logical Section by, 825.

Pitt-Rivers, Lieut.-Gen., human bones
discovered by, at Woodcuts, Rotherley,
&c.. Dr. Beddoe on, 839.

Plant (J.) on .the erratic blocks of Eng-
land, Wales, and Ireland, 101 ;

oif the
circulation of underground waters, 146.

Plant and machinery in use on the Man- -

Chester ship canal, by L. B. Wells, 796.

Plant-remains discovered by Mr. W. M.
Flinders Petrie in the cemetery of
Hawara, Lower Egypt, P. E. Newberry
on the, 712. •

Plants, the life and growth of, the rela-

tion'of the percentage of carbonic acid
in the atmosphere to. Rev. A. Irving
on, 661.

Playfair (Col. Sir L.), Tilnis since the
French protectorate, 746.

Polarisation of small electrodes in dilute

sulphuric acid. Dr. F. Richarz on the,

360.

Portland sands, the, of Swindon and
elsewhere, note on, by H. B. Wood-
ward, 652.

Poulton (E. B.), heredity in cats with
an extra number of toes, 707.

Poynting (Prof. J. H.) on the desirability

of introducing a uniform nomenclature
for thefundamentalunits of mechanics,

27 ; on the work of the Differential

Gravity Meter Committee, 72 ; on
electrolysis in its physical and chemi-
cal bearings, 339.

Precious metals, the amount of the, in

use as money in the principal countries,

the chief forms in which the money is

employed, and the amount annually
used in the arts, report as to the statis-

tical data available for determining,

219 ; memorandum, by Prof. F. Y,
Edgeworth, on Jevons’ method of

ascertaining the number of coins in cir-

culation, 224.

Preece (W. H.) on standards of light,

39 ; on standards for use in electrical

measurements, 66; on the C.G.S.

units of measurement, 616 ;
Address

4 to the Mechanical Section by, 781.

Prehistoric inhabitants of the Briti^
Islands, the localities in which evi-

dences of the existence of, are found,

second report of the Committee for

ascertaining and recording, 289.

Prehistoric race in the Greek islands,

third report on the, 99. .

' Prestwich (Prof. J.) on the erratic blocks

of England, Wales, and Ireland, 101

. on the circulation of under^ound
waters, 146 ; on the advisability and
possibility of establishing in othei:

•parts of the country observations upon
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the prevalence of earth tremors similar

to those now being made in Durham,
622; on the erosion of the sea^coasts

of England and Wales, 898.

Price (L. L.), the relations between slid-

ing scales and economic theory, 623.

Probyn (L. 0.), the effects on Indian ex-
poiflbs of the fall in the gold price of
silver, 768.

Provincial museums of the United King-
dom, further report on the, 124.

Pyrocresols, further researches on the, by
Dr. W. Bott and J. B. Miller, 642.

«

Quartz, a specimen of, from Australia,

exhibiting curious optical properties,

Dr. P. Frazer on, 666.

Quinquennial census, reasons for a, by
G. Bt Longstaff, 769. .

Baian and Fayum basins, the, by Cope
Whitehouse, 746.

Bailway communication'f underground,
in great cities, by Col. B. R. Hazard,
821.

Hallways, light or road, a few argu-

ments in favour of, by T. S. P. W. D’A.
Sellon, 794.

Baiyd.n project for the storage of Nile
flood, the, by Cope Whitehouse, 799.

Bamsay (Prof. W.) on the bibliography

of solution, 64 ; on the nature of solu-

tion, 93 ; on electrolysis in its physical

and chemical bearings, 339 ; *on the
behaviour of water under great provo-
cation from heat, 562.

Bavenstein (E. G.), Dr. Livingstone and
Lake Bangweolo, 746.

Bawson (Sir R.) on the effects of differ-

ent occupations and employments on
the physical development of the human
body, 100 ;

on the work of the Corre-

i^nding Societies Committee, 255.

Bayleigh (Prof. Lord) on standards of .

light, 39 ; on standards for use in elec-

trical measurements, 66'; on electrolysis

in its physical and chemical bearings,

839 ;
is the velocity of light in an elec-

trolytic liquid influenced by an electric ^
* current in the direction of propagation?

841.

Recurringdecimalsand Fermat’stheorem,
Prof. R. W. Genese on, 680.

*Bed Sea, meteorological conditions of

the, by Lieut.-Ge:|;^. Strachey, 738.

Redman (J. B.) on the erosion of the
sea-coasts of England and Wales,

^'998 .

Bees. (W. L.), associative economics ap-
:

.
plied to colonisation, 762.

B^d (C.) on an ancient sea-beach near
Bridlington Quay, 328.

Reid (C.) and H. N. Ridley, fossil arctic

plants from the lacustrine deposit at
Hoxne, in Suffolk, 674.

Beinold (Prof.) on electrolysis in its

physical and chemical bearings, 339.
Revenue system of the United States, the,
by Dr. A. Shaw, 763.

Revolving sails, or air-propellers, by H.
C. Vogt, 820.

Reynolds (Prof. J. E.) on some new sili-

con compounds, 640; on some new
thiocarbamide compounds, ib.

Reynolds (Chev. R. E.), the caverns of
Luray, 662 ; notes on the shell-mounds
and ossuaries of the Choptank riyer,

Maryland, U.S.A., 846.

Richards (Adm. Sir G. H.) on the
desirability of further research in the
Antarctic regions, 316.

Richardson (Dr. A.) on the action of
light on the hydracids of halogens
in presence of oxygen, 89 ;

on the
action of light on water colours, 641.

Bicharz (Dr. F.) on the polarisation of
small electrodes in dUute sulphuric

acid, 350.

Ricketts (Dr. 0.) on a probable cause of

contortions of strata, 684.

Ridley (H. N.) and C. Reid, fossil arctic

plants from the lacustrine deposit at

Hoxne, in Suffolk, 674.

River of Joseph, the, the Fayum and
Raian basins, by Cope Whitehouse,
746.

Roberts (C.) on the effects of different

occupations and employments on the
physical development of the human
body, 100.

Roberts (I.) on the circulation of under-
ground waters, 145

;
[on arranging an

investigation of the seasonal variations

of temperature in lakes, rivers, and
estuaries, 326 ; on the advisability and
possibility of establishing in other
parts of the country observations upon
the prevalence of earth tremors similar

to those now being made in Durham,
622.

Roberts-Austen (Prof. W. C.) on the in-

^
fluence of silicon on the properties of
steel, 69; on electrolysis in it# physi-
cal and, chemical bearings, 339.

Boscoe (bir H. E.) on the teaching of

science in elementary sdtiools, 164.\,

Rotating liquid spheroid, on the oscilla-

tions of a, and the genesis of the moon,
by A. E. H. Love, 662. .

.^Rotation af a dynamo, on controlling

the direction of, by A. Winter, 824.

Rowland (Prof. H. A.), ^recent progress

in the use of concave gratings for

spectrum analysis, 666 ; *on a modifica-
tion of Maxwell's equations of electro-

magnetic waves, 617.
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Boy (Prof.) and J. G. Adami on the
physiological bearing, of waist-belts
and stays, 704.

Eucker (Prol) on electrolysis in its

physical and chemical bearings, 339.
Eudler (F. W.) on the prehistoric race in
the Greek islands, 99; on the effects

of different occupations and employ-
ments on the physical development of
the human body, 100 ;

on the volcanic
phenomena of VesuWus and its neigh-
bourhood, 320.

Bunge (Prol 0.) on the harmonic series

of lines in the spectra of the elements,
676.

Bussell (Dr. W. J.) on the present
methods of teaching chemistry, 73 ; on
the action of light on the hydracids of
halogens in presence of oxygen, 89.

Bussian topographical surveys, by B. D,
Morgan, 741.

St. Clair (G.), Jerusalem: Nehemiah’s
wall and the royal sepulchres, 744;
totem clans and star worship, 848.

Salinity of the Clyde sea area, the, by
Dr. H. E. Mill, 738.

Sanderson (Prof. B.) on the researches
on food-fishes at the St. Andrews
marine laboratory, 141.

Sarcee Indians, report on the, by Eev. E.
F. Wilson, 242 ; notes thereon, by H.
Hale, 253.

Schafer (Prof.) on the physiology of the
lymphatic system, 363.

Schuster (Prof. A.) on the best means of
comparing and reducing magnetic
observations, 28 ; on standards of light,

39 ;
on standards for use in electrical

measurements, 65 ; on the work of the
Differential Gravity Meter Committee,
72 ; on electrolysis in its physical and
chemical bearings, 339.

Science, the teaching of, in elementary
schools, report on, 164.

Sclater (Dr. P. L.) on arrangements for
assisting the Marine Biological Asso-
ciation laboratory at Plymouth, 94 ; on
the occupation of a table at the zoo-
logicH station at Naples, 160; on the
desirability of farther research in the
Antarctic regions, 316 ; on the present
state of our knowledge of the zoology
and botany of the West India islands,

and on the steps taken to investigate
ascertained deficiencies in the fauna
and flora, 437. • •

Scott (Dr. A.) on the atomic weighf^^ of
oxygen, 631.

Scottish rivers, on the temperature of
some, by Dr. H. B. Mill, 688.

Sea of Bengal, the echinodermata of the,
Prof. F. J. Bell on, 718.

Sea temperatures in the neighbourhood
of Cape Guardafui, by Lieut.-Gen,

Strachey, 738.

Sea temperatures of the continental
shelf, by Dr. H. B. Mill, 739.

Sea-beach, an ancient, near Bridlington
Quay, report on, 328.

^
Seamless tubes from solid bars or ingots,

rolling, by the Mannesmann process,

F. Siemens on, 804.

Seasonal variations of temperature in
lakes, rivers, and estuaries in various

parts of the United Kingdom, report of
the Committee for arranging an in-

vestigation of the, in co-operation with
the^local societies represented on the
Association, 326.

Sedgwick (A.) on arrangements for as-

c • sisting the Marine Biological Associa-

tion laboratory* at Plymouth, 94 ;
on

the occupation of a table at the zoo-

logical station at Naples, 160 ; on the
development of the oviduct and con^
nected structures in certain fresh-water
teleostei, 338.'^

Seeley (Prof. H. G.) on the origin of
oolitic texture in limestone rocks, 674;
on an iohthyomm'u* from Mombasa,
East Africa, with observations on the
vertebral characters of the genus, 677.

Seismograph, an improved, by B. A.
Cowper, 818.

Sellon (B. P^, electric light applied to
night navigation upon the Suez Canal,

814.

Sellon (T. S. P. W. D’A.), a few arguments
in favour of light or road railways, 794.

Sensation, composition of, and notion of
space, L. de la Bive on, 685.

Severn watershed, the, by J. W. W.
Bund, 799.

Sharp (D.), zoological bibliography of
the Lesser Antilles, 438.

Shaw (Dr. A.), the revenue system of the
United States, 763.

Shaw (£.) and Prof. H. Sliaw, the friction

of metal coils, 640.

Shaw (G. B.), the transition to social

democracy, 761.

Shaw (Prof. H.), a new sphere planimeter,

684.

and E. Shaw, the friction of metal'

coils, 640.

Shaw (W. N.) on the desirability of in-

troducing a uniform nomenclature for

the fundamental units of mechanics,

27 ; on standards for use in electrical

measurements, 66; on electrolysis in
its physical and chemical bearings,

339 ;
on some accurate charts of Keva

corrections for mercury thermometers, «

690 ; on an apparatus for determining
tempeirature by the variation of ele6-

^ trical resistance, ib.
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8hell>mounds and ossnaries of the Chop-
tank river, Maryland, U.S.A., notes on
the, by Chev. K. E. Reynolds, 846.

Shenstone (W. A.) on the present methods
of teaching chemistry, 73.

Shipman engine, the, by W. R. Pidgeon,

Shore (T. W.), beds exposed in the
Southampton new dock excavation,
672; Celtic earthworks in Hampshile,
in reference to tl.e density of the
Celtic population, 862.

Sicilies, the Two, the -volcanoes of, by
Dr. T. Anderson, 063.

Sidgwick (Prof. H.) on the best method
of ascertaining and measuring varia-
tions in the value of the monetary
standard, 181

;
an analysis of the cur-

rent conception of State socialism, 760.
Siemens (F.) on rolling seamless tubes
from solid bars or ingots the
Mannesmann process, 804.

Silicon, the influence of, on the properties
of steel, second report on, 69.

Silicon compounds, some new, Prof. J. E.
Reynolds on, 640.

Sladen (P.) on arrangements for assist-

ing the Marine Biological Association
laboratory at Plymouth, 94 ; on the
occupation of a table at the zoological
station at Naples, 160.

Sliding scales and economic theory, the
relations between, by L. L. Price, 623.

Sloan (A. D.) on the occupation of the
table at the zoological station at
Naples, 163.

Smith (H. W.) and Prof. H. B. Dixon,
the incompleteness of combustion in
explosions, 632.

Smithells (Prof*) on the present methods
of teaching chemistry, 73.

Social democracy, the transition to, by
G. B. Shaw, 761.

Social regulations in Melanesia, by Rev.
R. H. Codrington, 843.

Socialism, State, an analysis of the cur-

rent conception of, by Prof. H. Sidg-

wick, 760.

Solar spectrum, the spectra of meteo-
rites compared with the, by J. N.
Lockyer, 676.

Solution, the bibliography of, second re-

port on, 64.

—I—,
the nature of, second report on, 93.

, the theory of, by Dr. T. S. Hunt,
636.

Solution of copper in acids, the rate of,

V. H. Veley on, 638.

Somerset, some points of interest in the

• geology of, by W. A. E. Ussher, 669.

^ Somersetshire cider, by J. Higgins, 769.
‘

iSprIey (Prof. W. R.) on mining royalties

and their effect on the iron and coal

industries, 766.

Southampton new dock excavation, beds
exposed in the, by T. W. Shore, 672.

Space, notion of, and composition of sen-

sation, L. de la Rive on, 586.

Spectra of meteorites, the, compared
with the solar spectrum, by J. N.
Lockyer, 676.

Spectra of the elements, the harmonic
series of lines in the, Prof. C. Runge
on, 676.

Spectres de I’oxygene, Dr. J. Janssen sur

les, 647.

Spectrum analysis, recent progress in
the use of concave gratings for, by
Prof. H. A. Rowland, 666.

Spencer (J.) on the occurrence of a
boulder of granitoid gneiss or gneissoid

granite in the Halifax hard-bed coal,

661.

Sphere planimeter, a new, by Prof. H.
Shaw, 684.

Spiller (J.), the composition of the an-
cient Roman mortar from the London
Wall, 637.

Stallard (Mr.) on the present methods of
teaching chemistry, 73.

Star worship, totem clans and, by G. St.

Clair, 848.

State socialism, an analysis of the cur-

rent conception of, by Prof. H. Sidg-

wick, 760.

Static electricity, a vortex analogue of,

by Prof. W. M. Hicks, 677.

Statigrams, Rev. J. P. Heyes on, with

. some suggestions for greater unifor-

mity in comparative graphics, 769.

Statistical tables, the errors of the argu-
ment of, J. Kleiber on, 618.

Statistics, agricultural, commercial, in-

dustrial, and banking, by W. Botly,

760.

, Economic Science and, Address by
Lord Bramwell to the Section of, 749.

, the vital and commercial, of Bath,
by F. Norfolk, 780.

Statistics of examination. Prof. F. Y.
Edgeworth on the, 763.

Stays and waist-belts, the physiological

bearing of. Prof. Roy and J. G. Adami
on, 704.

Steam at high pressures, the eflSciency

of, and, the Carnot theorem, by W. W.
Beaumont, 820.

Steam engine diagrams, by M. F. Fitz-

gerald, 819.

Steel, the influence of silicon on the
propertii^ of, second report on, 69.

Steward (He' 0. J.) on arranging an in-

vestigation of the seasonal variations

of temperature in lakes, rivers, and
estuaries, 326.

Stewart (Prof. Balfour) on the best
means of comparing and reducing
magnetic observations, 28.
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Stewart (Prof. Balfour) and W. L. Car.
penter, results of a comparison be-

tween the wind values and declination

disturbances at the Kew Observatory,

28.

Stirling (Prof.) on the researches on food-
fishes at the St. Andrews marine
laboratory, 141.

Stone (J. H.), the ancient inhabitants of

the Canary Islands, 861.

Stoney (Dr. G. J.) on the desirability of

introducing a uniform nomenclature
for the fundamental units of mecha-
nics, 27 ; "‘on the proof of the logarith-

mic law of atomic weights, 662 ;
*on

the logarithmic law and its connection
with the atomic weights, 630.

Stooke (T. S.) onthe circulation of under-
ground waters, 145.

Strachey (Lieut.-Gen. R.) on the work
of the Differential Gravity ISIeter

Committee, 72 ;
on the desirability of

further research in the Antarctic re-

gions, 316 ;
*meteorological conditions

of the Red Sea, 738 ;
*sea temperatures

in the neighbourhood of Cape Guarda-
fui, ih.

Stretching of liquids, Prof. A. M. Worth-
ington on the, 683.

Stroud (Prof. W.) and W. W. H. Gee,
electro-calorimetry, 666.

Sun-myths in modem Hellas, by J. T.

Bent, 850.

Surtees (Capt. C.), mission to El-Wedj,
747.

Swan (J. W.) on an automatic fire-damp

detector, 817.

Swiss, the physique of the, as influenced

by race and by media, by Dr. Beddoe,
837.

Symons (G. J.) on the circulation of

underground waters, 146 ; on the work
of the Corresponding Societies Com-
mittee, 255; on the advisability and
possibility of establishing in other
parts of the country observations upon
the prevalence of earth tremors similar

to those now being made in Durham,
522.

Syrrhaptes paradoxuSy the irruption of,

Prof. Newton on, 703.

Tanakadatfi (A.) on the intensity of mag-
netisation of soft iron bars of various

lengths in a uniform magnetic field,

666 .

Tanner (R. R.), the suitability of small
towns for factory industries, 767.

Taxation, the standard, or basis, of, by
Dr. C. J. Grece, 766.

Taylor (G.), Formosa: characteristic

traits of the island and its aboriginal
inhabitants, 747.

Taylor (H.) on standards for use in elec-

trical measurements, 66.

Teall (J. J. H.) on the volcanic pheno-
mena of Vesuvius and its neighbour-
hoo<^ 320 ; on the microscopic structure
of the older rocks of Anglesey, 367.

Teleostean ova, some, and their develop-
ment, J. T. Cunningham on, 703.

Teleostei, certain fresh-water, report on
the development of the oviduct and
connected structures in, 338.

Temperature, an apparatus for deter-
mining, by the variation of electrical

resistance, W. N. Shaw on, 690.

Temperature of some Scottish rivers. Dr.
H. R. Mill on the, 688.

Temple (Sir R.) on the teaching of
science in elementary schools, 164.

Tetravalency of oxygen, evidence of the,

derived from the constitution of the
azonaphthol-compounds, by Prof. R.
Meldcia, 636.

Thallium trisulphide, the electrolysis of.

Dr. J. H. Gladstone and W. Hibb^rt
on, 349.

Thermal and mineral waters, British, a
list of works referring to, by W. H.
Dalton, 869.

Thermometers, mercury, some accurate’
charts of Kew corrections for, W. N.
Shaw on, 690.

Thiocarbamide compounds, some new.
Prof. J. E. Reynolds on, 640.

Thiselton-Dyef (W. T.) on the flora of
the Bahamas, 361 ; on our present
knowledge of the flora of China, 420

;

on the steps taken for establishing a
botanical station at Peradeniya, Cey-
lon, 421 ; on the present state of our
knowledge of the zoology and botany
of the West India Islands, and on the
steps taken to investigate ascertained
deficiencies in the fauna and flora, 437

;

Address to the Biological Section by,
686 .

Thompson (Prof. S. P.) on electrolysis in

its physical and chemical bearings,

339.

Thomson (G. H.), mechanical pathology
considered in its relation to bridge
design, 793.

Thomson (Prof. J.) on flux and reflux of
water in open channels or in pipes or
other ducts, 674. '

Thomson (Prof. J. J.) on standards for

use in electrical measurements, 65

;

on electrolysis in its physical and
chemical bearings, 339.

Thomson (J. M.) on electrolysis in its

physical and chemical bearings, 339.

Thomson (Jos.), notes from the Atjlas

Mountains, 745.

Thomson (Prof. Sir W.) on the best
means of comparing and reducing
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magnetic observations, 28 ; on stan-
dards for use in electrical measure-
ments, 65 ;

on the work of. the
Differential Gravity Meter Committee,
72 ; on the desirability of further re-

search in the Antarctic regions, 316

;

on electrolysis in its j)hysicai and
chemical bearings, 339 ; a simple hypo-
thesis for electro-magnetic induction
of incomplete circuits, with consequent
equations of electric motion in fixed

homogeneous or heterogeneous solid

matter, 667 J on the transference of
electricity within a homogeneous solid

conductor, 670; five applications cT
Fourier’s law of diffusion, illustrated

by a diagram of curves with absolute
numerical values, 671.

^Thomson (Prof. Sir W.) and Profs.

Ayrton and Perry, ^ectrometric deter-

mination of * V,’ 61o.

Tibet, a new route from Indii to, by
Capt. W. J. Elwes, 741.

Tidal observations in Canada, fourth re-

port of the Committee for promoting,27.
Tiddeman (R. H.) on the erratic blocks

of England, Wales, and Ireland, 101.

Tilden'(Prof. W. A.) on the bibliography
‘ of solution, 64 ;

on the influence of

silicon on the properties of steel, 69

;

on the nature of solution, 93 ; on iso-

meric naphthalene derivatives, 96 ;
on

electrolysis in its physical and chemi-
cal bearings, 339; Address to the
Chemical Section by, 620.

Tomkins (Rev. H. G.), notes on the geo-
graphy of the region from the Nile to

the Euphrates, as known to the ancient
Egyptians, 741 ; some account of the
ancient (prae-Roman) stronghold of

Worlebury, near Weston-super-Mare,
861 ; notes on the HyksOs or shepherd-
kings of Egj’pt, 856.

Tomlinson (H.) on standards for use in
electrical measurements, 66.

Tondini de Quarenghi (Dr. C.), a sug-

gestion from the Bologna Academy of

Science towards an agreement on the
initial meridian for the universal hour,

618; on the general adoption of the
Gregorian calendar in relation with
that of the universal hour, 7*47.'

'

Topley (W.) on the circulation of under-

ground wdters, 146 ;
on the work of

the Corresponding Societies Com-
mittee, 265 ;

on the erosion of the sea-

coasts of England and Wales, 898.

Totem clans and star worship, by G. St.

Clair, 848.

I^raill (Dr. A.) on the burning by light-
’’ ning of a magnet on a generating

4ynamo, 616.
‘ fCransmission of motion and power, by

J. W. Pearse, 823.

•Transvaal, the, or South African Re-
public, by P. H. Ford, 746.

Traquair (Dr.) on the provincial mu-
seums of the United Kingdom, 124

;

on the researches on food-fishes at the
St. Andrews marine laboratory, 141.

Trimen (Dr.) on the steps ts^en for
establishing a botanical station at
Peradeniya, Ceylon, 421.

Trouton (F.) and Prof. Fitzgerald on the
accuracy of Ohm’s law in electrolytes,

341.

Tubificidas, contributions to the ana-
tomy of the, by F. E. Beddard, 723.

Tunis since the French protectorate, by
Col. Sir L. Playfair, 746.

Turner (T.) on the influence of silicon

on the properties of steel, 69.

Twefity-ton travelling crane, the applica-
tion of electricity to the working of a,

by W. Anderson, 808.

Tylden-Wright (Mr.) on the circulation

of underground waters, 146.

Tylor (Dr. E. B.) on the North-western
tribes of the dominion of Canada, 233 ;

on a method of investigating the de-
velopment of institutions, applied to
laws of marriage and descent, 840.

Tytherington and Thornbury section,

Rev. II. H. Winwood on the, 658.

Underground railway communication in
great cities, by Col. R. B. Hazard,
821.

Underground waters in the permeable
formations of England and Wales, the
circulation of, and the quantity and
character of the water supplied to
various towns and districts &om these
formations, fourteenth report on the,

146.

Underground waters of the permeable
formations of England, the replenish-
ment of the, J. B. Denton on, 797.

Uniform nomenclature for the funda-
mental units of mechanics, report of
the Committee for considering the de-
sirability of introducing a, and for co-

operating with other bodies engaged

; in similar work, 27.

United States, the revenue system of the,

by Dr A. Shaw, 763.

Universal hour, the general adoption of
the Gregorian calendar in relation with
that of the, Dr. C. Tondini de Quarenghi
on, 747.

, the initial meridian for the, a sug-
gestion iiom the Bologna Academy of
Science towards an agreement on, by
Dr. C. Tondini de Quarenghi, 618.

^ssher (W. A. E.), some points of inte-

rest in the geology of Somerset, 659

;

the Watcombe terra cotta clay, 672.
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*»,* electrometric determination of, by
Profs. 8ir W. Thomson, Ayrton, and
Perry, 616.

^Valency, discussion on, 635.

Valentine (J. S.) on the erosion of the

sea-coasts of il^gland and Wales, 898.

^Van’t Hoff’s hypothesis and the con-

stitution of benzene, J. E. Marsh on,

631.

Vapour densities at high temperatures

and under reduced pressure, the deter-

mination of, by Dr. W. Bott, 632.

Veley (V. H.) on the rate of solution of

copper in acids, 638.

Vesuvius, on a mass containing metallic

iron found on, by Dr. H. J. Johnston-
Lavis, 667.

Vesuvius and its neighbourhood, the

volcanic phenomena of, report on, 320.

Vogt (H. O.), revolving sails, or air-pro-

pellers, 820.

Volcanic action, the causes of, J. L. Lob-
ley on, 670.

Volcanic phenomena of Vesuvius and its

neighbourhood, report on the, 320.

Volcanic structure, the recent, of the

Azorean archipelago, O. H. Howarth
on, 671.

Volcanoes of the Two Sicilies, the, by Dr.

T. Anderson, 663.

Vortex analogue of static electricity, a,

by Prof. W. M. Hicks, 677.

Vulcano, the late eruption in the island

of, Drs. T. Anderson and H. J. John-
ston-Lavis on, 661.

B

Wage statistics and theories, J. Mavor
on, 767.

Waist-belts and stays, the physiological

bearing of. Prof. Roy and J. G. Adami
on, 701.

Walker (Gen. J. T.) on the work of the

Differential Gravity Meter Committee,

72; on the desirability of further re-

search in the Antarctic regions, 316.

Ward (Prof. H. M.) on the steps taken
for establishing a botanical station

at Peradeniya, Ceylon, 121 ; *a lily

disease, 702.

*Wasps and bees, solitary, the instincts

of, Sir J. Lubbock on, 706.

Watcombe terra-cotta clay, W. A. B.

Ussher on the, 672.

Water, the behaviour of, under great

provocation from heat. Prof. W. Ram-
say on, 662.

Water colours, the action of light on,

Dr. A. Richardson on, 611.

Watherston (E. J.), the industrial educa-

tion of women abroad and at home,
771.

Watts (N.), miners’ electric safety-lamps,

816.

Watts (W. W.), an igneous succession
in Shropshire, 685.

Waves in a viscous liquid, by A. B.
Bassett, 563.

Weather of 1888, the effects of the, on
the animal and vegetable kingdoms,
E. J. Lowe on, 726.

Weldon (W* F. R.) on the flora of the
Bahamas, 361.

Wells (L. B.), plant and machinery in
use on the Manchester ship canal,

796.

West India Islands, report on the present
state of our knowledge of the zoology
and botany of the, and on the steps
taken to investigate ascertained de-
ficiencies in the fauna and flora, 437.

Western Asia, the early races of. Major
C. R. Conder on, 866,

'Wethered (E.) on the circulation of un-
derground wafers, 145 ; on the lower
carboniferous rocks of Gloucestershire,

667.

Wharton (Capt. W. J. L.) on the erosion
of the sea-coasts of England and Wales,
898.

Wheat, an examination into the reasons
of the price of, rising or falling con-
temporaneously with the variation in
the value of foreign currencies, by
W. J. Harris, 767.

Whidborne (Rev. G. F.) on some De-
vonian cephalopods and gasteropods,

680 ;
on some Devonian crustaceans,

681 ; on some fossils of the limestones
of South Devon, ih.

Whipple (G. M.) on the best means of
comparing and reducing magnetic ob-
servations, 28.

Whitaker (W.) on the circulation of un-
derground waters, 146

;
on the work

of the Corresponding Societies. Com-
mittee, 266 ; on the extension of the
Bath oolite under London as shown by
a deep boring at Streatham, 656 ; on
the erosion of the sea-coasts of Eng-
land and Wales, 898.

White (W.) on the work of the Corre-
sponding Societies Committee, 265.

Whitehouse (Cope), the river of Joseph,
the Fayum and Raian basins, 716 ; the
Raiyan project for the storage of Nile
flood, 799.

Williamson (Prof. A. W.) on the work
of the Corresponding Societies Com-
mittee, 256.

Williamson (Prof. W. 0.) on the flora of
the carboniferous rocks of Lancashire
and West Yorkshire, 160.

Wilson (Col. Sir 0. W.), Address to the
Geographical Section by, 729.

*

Wilson (Dr. D.) on the North-western
tribes of the dominion of Canada,
233.
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Wilson (Eev. E. F.), report on the Sarcee
Indians, 242 ;

notes thereon by H. Hale,
263.

Wind values and declination distur-

bances at the Kew Observatory, results

of a comparison between the, by Prof.

Balfour Stewart and W. L. Carpenter,
2%.

^Winter (A.) on controlling the direction

of rotation of a dynamo, 824.

Winton (Sir F. de), the commercial
future of Central Africa, 746.

Winwood (Rev. H. H.) on the Tythering-
ton and Thornbury section, 658.

Women, the industrial education of,

abroad and at home, by E. J. Wather-
ston, 771.

Wood (H. T.) on standards of light, 39.

Woodall (J. W.) on the erosion of the
sea-coasts of England and Wales, 89 8;

Woodthorpe (Col.), explorations on the
Chindwin river. Upper Burjp.*!!, in

1886-87, 741.

Woodward (A. S.), a comparison of the
cretaceous fish-fauna of Mount Leba-
non with that of the English chjilk,

678; on Jittoldandiwm diluvii^ Konig,
a siluroid fish from the London clay of

Sheppey, 679.

Woodward (Dr. 11.) on the provincial
museums of the United Kingdom, 124

;

on the ‘manure’ gravels of Wexford,
133 ;

on the fossil phyllopoda of the
palaeozoic rocks, 173 ; on an ancient
sea-beach near Bridlington Quay, 328.

. Woodward (H. B.), further note on the
Midford sands, 660 ; the relations of

the great oolite to ,the forest marble
and fuller’s-earth in the south-west of

England, 651 ; note on the Portland
sands of Swindon and elsewhere, 662.

Worlebury, the ancient (prae-Roman)
stronghold of, nearWeston-super-Mare,
some account of, by Rev. H. G.
Tomkins, 861.

Worthington (Prof. A. M.) on the
stretching of liquids, 683.

Young (Prof.) on the bibliography of
solution, 64.

t

Zoological station at Naples, report of the
Committee appointed to arrange for

the occupation of a table at the, 160

;

reports to the Committee : by Mr. J.

Gardiner, 152 ;
by Mr. A. D. Sloan,

163 ;
by Prof. R. J. Anderson, 167.
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on Waves ;—^Note by Majof Sabine, being an Appendix to his Report on the Varia-
tions of the Magnetic Intensity observed at different Points of the Earth’s Surface

;

—J. Yates, on the Growth of Plants under Glass, and without any free communica-
tion with the outward Air, on the Plan of Mr. N. J. Ward, of London.

• ' Together with the Transactions of the Actions, Prof. Traill’s Address, and Recozu*
Association and its Committees.
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PROCEEDINGS of the EIGHTH MEETING, at Newcastle, 1838.
Puhlished at 155, (Out of Print.)

Contents :—Eev. W. Whewell, Account of a Level Line, measured from the
Bristol Channel to the English Channel, by Mr. Bunt ;—Report on the Discussions of
Tides, prepared under the direction of tjie Rev. W. Whewell ;—W. S. Harris, Account
of the Progress and State of the Meteorological Observatfons at Plymouth ;—Major
E. Sabine, on the Magnetic Isoclinal and Isodynamic Lines in the British Islands

;

—Dr. Lardner, on the Determination of the Mean Numerical Values of Rail-
way Constants ;—R. Mallet, First Report lypcn Experiments upon the Action of Sea
and River Water upon Cast and Wrought Iron ;—R. Mallet, on the Action of a Heat
of 212° Fahr., when long continued, on Inorganic and Organic Substances.

Together with the Transactions of the Sections, Mr. Murchison’s Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the NINTH MEETING, at Birmingham, 1839,
Puhlished at IBs. 6c2. (Out of Print.)

Contents :—Rev. B. Powell, Report on the Present State of our Knowledge of
Refractive Indices, for the Standard Rays of the Solar Spectrum in different media j

Report on the Application of the Sum assigned for Tide Calculations to Rev. W.
Whewell, in a letter from T. G.<' Bunt, Esq. ;—H. L. Pattinson, on some Galvanic
Experiments to determine the Existence or Non-Existence of Electrical Currents
among Stratified Rocks, particularly those of the Mountain Limestone formation,
constituting the Lead Measures of Alton Moor ;—Sir D. Brewster, Reports respecting
the Two Series of Hourly Meteorological Observations kept in Scotland ;—Report on
the subject of a series of Resolutions adopted by tlm British Association at their
Meeting in August 1838, at Newcastle ;—R. Owen, Report on British Fossil Reptiles

;

—E. Forbes, Report on the Distribution of the Pulmoniferous Mollusca in the British
Isles ;—W. S. Harris, Third Report on the Progress of the Hourly Meteorological
Register at Plymouth Dockyard.

Together with the Transactions of the Sections, Rev. W. Vernon Harcourt’s
Address, and- Recommendations of the Association and its Committees.

PROCEEDINGS of the TENTH MEETING, at Glasgow, 1840,
Puhlished at ISs. (Out of Print.)

. Contents :—Rev. B. Powell, Report on the Recent Progress of discovery relative

to Radiant Heat, supplementary to a former Report on the same subject inserted in

the first volume of the Reports of the British Association for the Advancement of

Science ;—J. D. Forbes, Supplementary Report on Meteorology ;—W. S. Harris, Re-
port on Prof. Whewell’s Anemometer, now in operation at Plymouth ;—Report on
< The Motion and Sounds of the Heart,’ by the London Committee of the British

Association, for 1839-40;—Prof. Schonbein, an Account of Researches in Electro-

Chemistry ;—R. Mallet, Second Report upon the Action of Air and Water, whether
fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, Wrought
Iron, and Steel ;—R. W. Fox, Report on some Observations on Subterranean Tempe-
rature A. F. Osier, Report on the Observations recorded during the years 1837,

1838, 1839, and 1840, by the Self-registering Anemometer erected at the Philosophical

Institution, Birmingham ;—Sir D. Brewster, X^eport respecting the Two Series of

Hourly Meteorological Observations kept iK. Inverness and Kingussie, from'Nov. 1st,

1838, to Nov. 1st, 1839 :—W. Thompson, Report on the Fauna of Ireland : Div. Vertex

hrata;—C. J. B. Williams, M.D., Report of Experiments dn the Physiology of the Lungs
^d Air-Tubes ;—Rev. J. S. Henslow, Report of the Committee on the Preservation

of ATiiTnn.1 and Vegetable Substances.

Together with the Transactions of the . Sections,
,
Mr. Murchison and Major E.

Sabine’s Address, and Recommendations of the Association and its Committees.

.‘PROCEEDINGS of the ELEVENTH MEETING, at Plymouth

,

1841. Puhlished at ISs. 6(?.

^ COntentb :—Rev. P. Kelland, on the Present State of our Theoretical and Ex-
perimental Knowledge of the Laws of Conduction of Heat j—G. L. RoupeU. M.D..

SQ2



Beport on Poisons ;—T. G. Bunt, Report on Discussions of Bristol Tides, under the
direction of the Rev. W. Whewell;—D. Ross, Report on the Discussions of Leith
Tide Observations, under the direction of the Rev. W. Whewell ;—W. S. Harris,

upon the working of Whewell ’s Anemometer at Plymouth during the past year ;

—

Report of a Committee appointed for the purpose of superintending the scientific

co-operation of the British Association in the System of Simultaneous Observations in

Terrestrial Magnetism and Meteorology;—Reports of Committees appointed to pro-

vide Meteorological Instruments for the use of M. Agassiz and Mr. M‘Cord ;—Rep6rt of

a Committee appointed to superintend the Reduction of Meteorological Observations

;

—Report of a Committee for revising the Ncfinenclature of the Stars ; —Report of a
Committee for obtaining Instruments and Registers to record Shocks and Earthquakes
in Scotland and Ireland ;—Report of a Committee on the Preservation of Vegetative
Powers in Seeds ;—Dr. Hodgkin, on Inquiries into the Races of Man ;—Report of the
Committee appointed to report how far the Desiderata in our knowledge of the Con-
dition of the Upper Strata of the Atmosphere may be supplied by means of Ascents
in Balloons or otherwise, to ascertain the probable expense of such Experiments, and
to draw up Directions for Observers in such circumstances;—R. Owen, Report on
British Fossil Reptiles ;—Reports on the Determination of the Mean Value of Rail-

way Constants ;—Dr. D. Lardner, Second 8.jvd concluding Report on the Determi-
nation of the Mean Value of Railway Constants;—E. Woods, Report on Railway
Cotistants:—Report of a Committee on the Construction of a Constant Indicator for

Steam Engines.
Together with the Transactions of the Sections, Prof. Whewell’s Address, and

Recommendations of the Association and its Committees.
t

PROCEEDINGS OF the TWELFTH MEETING, at Manchester,

1842, Published at 10s. 6d.

Contents :—Report of the Committee appointed to conduct the cp-operation of
the British Association in the System of Simultaneous Magnetical and Meteorological
Observations ;—Dr. J. Richardson, Report on the present State of the Ichthyology
of New Zealand ;—W. S. Harris, Report on the Progress of Meteorological Observa-
tions at Plymouth ;—Second Report of a Committee appointed to make Experiments
on the Growth and Vitality of Seeds ;—C. Vignoles, Report of the Committee on
Railway Sections ;—Report of the Committee for the Preservation of Animal and
Vegetable Substances;—Dr. Lyon Playfair, Abstract of Prof. Liebig’s Report on
Organic Chemistry applied to Physiology and Pathology ;—R. Owen, Report on the
British Fossil Mammalia, Part I. ;—R. Hunt, Researches on the Influence of Light on
the Germination of Seeds and the Growth of Plants ;—L. Agassiz, Report on the Fos-
sil Fishes of the Devonian System or Old Red Sandstone ;—W. Fairbaim, Appendix
to a Report on the Strength and other Properties of Cast Iron obtained from the Hot
and Cold Blast ;—D. Milne, Report of the Committee for Registering Shocks of Earth-
quakes in Great Britain ;—Report of a Committee on the construction of a Constant
Indicator for Steam-Engines, and for the determination of the Velocity of the Piston
of the Self-acting Engine at different periods of the Stroke ;—J. S. Russell, Report of
a Committee on the Form of Ships ;—Report of a Committee appointed ‘ to consider
of the Rules by which the Nomenclature of Zoology may be established on a uniform
and permanent basis ;

’—Report of a Committee on the Vital Statistics of Large
Towns in Scotland;—Provisional Reports, and Notices of Progress in Special Re-

: searches entrusted to Committees and Individuals.

Together with the Transactions of the ^Bections, Lord Francis Egerton’s Address,
and Recommendations of the Association and its Committees.

PEOOEEDINGS of the THIRTEENTH MEETING, at Cork,

1843, Published., af 12s.

Contents Robert Third Report upon the Action of Air and Water,
whether firesh or salt,, clear or foul, and at Various Temperatures, upon Cast Iron,
Wrought Iron, and Steel ;—Report of the Committee appointed to conduct the Co-
operation of the British Association in the System of Simultaneous Magnetical and
Metrological Observations ;—Sir J. F. W. Herschel, Bart., Report of the Committee
appe^nted for the Reduction of Meteorological Observations ;—Report of the Com-
mit^ appointed for Experiments on Steam-Engines;—Beport of the Committee ap-
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pointed to continue their Experiments on the Vitality of Seeds ;—J. S. Russell, Report
of a Series of Observations on the Tides of the Frith of Forth and the East Coast of

Scotland ;—J. S. Russell, Notice of a Report of the Committee on the Form of Ships
j

—J. Blake, Report on the Physiological Action of Medicines ;—Report of the Com-
mittee on Zoological Nomenclature ;—Report of the Committee for Registering the

Shocks of Earthquakes, and making such Meteorological Observations as may appear

to them desirable ;—Report of the Committee for conducting Experiments with

Capfeve Balloons ;—Prof. Wheatstone, Appendix to the Report;—Report of the Com-
mittee for the Translation and Publication of Foreign Scientific Memoirs ;—C. W.
Peach, on the Habits of the Marine Testacea ;—E. Forbes, Report on the Mollusca

and Radiata of the JSgean Sea, and on their distribution, considered as bearing on

Geology ;-r-L. Agassiz, Synoptical Table of British Fossil Fishes, arranged in the

order of the Geological Formations R. Owen, Report on the British Fossil Mam-
malia, Part n. ;—E. W. Binney, Report on the excavation made at the junction of

the Lower New Red Sandstone with the Deal Measures at Collyhmst ;—W. Thomp-
son, Report on the Fauna of Ireland : Div. Tnvertebrata ;-^Provi8iona,l Reports, and

Notices of Progress in Special Researches entrusted to Committees and Individuals.

Tog^ether with the Transactions of the Sections, the Earl of Rosse’s Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS op theTFOURTEENTH MEETING, at York, 1844,

PuUished at £1.

Contents:—W. B. Carpenter, on the Microscopic Structure of Shells;—J. Alder

and A. Hancock, Report on the British Nudibranchiate Mollusca;—R. Hunt,

Researches on the Influence of Light on the Germination of Seeds and the Growth

of Plants ;—Report of a Committee appointed by the British Association in 1840,

for revising the Nomenclature of the Stars ;—Lieut.- Col. Sabine, on the Meteorology
' of Toronto in Canada ;—J. Blackwall, Report on some recent researches into the

Structure, Functions, and Economy of the Araneidea made in Great Britain ;—Earl

of Rosse, on the Construction of large Reflecting Telescopes;—Rev. W. V. Harcourt,

Report on a Gas-furnace for Experiments on Vitrifaction and other Applications of

High Heat in the Laboratory ;—Report of the Committee for Registering Earth-

quake Shocks in Scotland ;—Report of a Committee for Experiments on Steam-

Engines;—Report of the Committee to investigate the Varieties of the Human
Race ;—Fourth Report of a Committee appointed to continue their Experiments on

the Vitality of Seeds ;—W. Fairbairn, on the Consumption of Fuel and the I^eyen-

tion of Smoke;—F. Ronalds, Report concerning the Observatory of the British

Association at Kew ;—Sixth Report of the Committee appointed to conduct the

Co-operation of the British Association in the System of Simultaneous Magnetical

and Meteorological Observations ;—Prof, Forchhammer on the influence of B'ucoidal

Plants upon the Formations of the Earth, on Metamorphism in general, and par-

ticularly the Metamorphosis of the Scandinavian Alum Slate ;—H. E. Strickland,

Report on the Recent Progress and Present State of Ornithology ;—T. Oldham,

Report of Committee appointed to conduct Observations on Subterranean Tempera-

ture in Ireland ;—Prof. Owen, Report on the Extinct Mammals of Australia,
^

and

descriptions of certain Fossils indicative of the former existence in that continent

of large Marsupial Representatives of the Order Pachydermata ;—W. S. Harris,

Report on the working of Whewell and Osier’s Anemometers at Plymouth, for the

years 1841, 1842, 1848;—^W. R. Birt, R^'ort on Atmospheric Waves;—L. Agassiz,

Rapport sur les Poissons Fossiles de I’Argile de Londres, with translation;—J. S.

Russell, Report on Waves ;-s-Provisional Reports, and Notices of Progress in Special

Researches entrusted to Committees and Ii^ividuals.

Together with the T:^sactions of the Sections, the Dean of Ely’s Address, and

Recommendations of the Association and its Committees.

PROCEEDINGS of the FIFTEENTH MEETING, at Cambridge,

1845, Publishei 12^.

Contents ;—Seventh Report of a Committee appointed to conduct the Co-opera^

"tion of the British Association in the System of Simultaneous Magnetical and
' Meteorological Observations ;—LieuL-Col. Sabine, on some Points in the Meteorology
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of Bombay ;—J. Blake, Report on the Physiological Actions of Medicines ;—Dr. Von
Boguslawski, on the Comet of 1843;—R. Hunt, Report on the Actinograph;—Prof.

Schonbein, on Ozone ;—Prof. Erman, on the Influence of Friction upon Thermo-
Electricity ;—Baron Senftenberg, on the Self-registering Meteorological Instru-

ments employed in the Observatory at Senftenberg ;—W. R. Birt, Second Report on
Atmospheric Waves ;—G. R. Porter, on the Progress and Present Extent of Savings
Banks in the United Kingdom ;—Prof. Bunsen and Dr. Playfair, Report on the Gases
evolved from Iron Furnaces, with reference to the Theory of Smelting of Irbn ;

—

Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan;

—

Report of the Committee on the Registratioif of Periodical Phenomena of Animals
and Vegetables;—Fifth Report of the Committee on the Vitality of Seeds;

—

Appendix, &c.
Together with the Transactions of the Sections, Sir J. F. W. Herschel’s Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS op the SIXTEENTH MEETING, at Southampton,
1846, Puhlulted at 15s.

Contents :—G. G. Stokes, Report on Recent Researched in Hydrodynamics ;

—

Sixth Report of the Committee on the Vitality of Seeds ;—Dr. Schunck, on the
Colouring Matters of Madder ;—J. Blake, on the Physiological Action of Medicines

;

—R. Hunt, Report on the Actinograph ;—R. Hunt, Notices on the Influence of Light
on the Growth of Plants ;—R. L. Ellis, on the Recent Progress of Analysis ;—Prof.
Forchhammer, on Comparative Analytical Researches on Sea Water ;—A. Erman, on
the Calculation of the Gaussian Constants for 1829 ;—G. R. Porter, on the Progress,
present Amount, and probable future Condition of the Iron Manufacture in Great
Britain ;—W. R. Birt, Third Report on Atmospheric Waves ;—Prof. OwQn, Report
on the Archetype and Homologies of the Vertebrate Skeleton ;—J. Phillips, on
Anemometry;—Dr. J. Percy, Report on the Crystalline Flags;—Addenda to Mr.
Birt’s Report on Atmospheric Waves.

Together with the Transactions of the Sections, Sir R. I. Murchison’s Address,
and Recommendations of the Association and its Committees.

PEOCEEDINGS OF the SEVENTEENTH MEETING, at Oxford,

1847, Published at 18s.

Contents:—Prof. Langberg, on the Specific Gravity of Sulphuric Acid at
different degrees of dilution, and on the relation which exists between the Develop-
ment of Heat and the coincident contraction of Volume in Sulphuric Acid when
mixed with Water;—R. Hunt, Researches on the Influence of the Solar Rays on the
Growth of Plants;—R. Mallet, on the Facts of Earthquake Phenomena ;—Prof

.

Nilsson, on the Primitive Inhabitants of Scandinavia;—W. Hopkins, Report on the
Geological Theories of Elevation and Earthquakes ;—Dr. W. B. Carpenter, Report
on the Microscopic Structure of Shells ;—Rev. W. Whewell and Sir James C. Ross,
Report upon the Recommendation of an Expedition for the purpose of completing
our Knowledge of the Tides ;—Dr. Schunck, on Colouring Matters ;—Seventh Report
of the Committee on the Vitality of Seeds ;—J. Glynn, on the Turbine or Horizontal
Water-Wheel of France and Germany ;—Dr. R. G. Latham, on the present state and
recent progress of Ethnographical Philo^bgy ;—Dr. J. C. Prichard, on the various
methods of Research which contribute to the Advancement of Ethnology, and of the
relations of that Science to other branches of Knowledge ;—Dr. C. C. J. Bunsen, on
the results of the;^cent Egyptian researches in reference to A.siatio and African
Ethnology, and the Classification of Languages ;—Dr. C. Meyer; on the Importance of
the Study of the Celtic Language as exhibited by the . Modem Celtic Dialects still

extant ;—-Dr. Max Muller, on the Relation of the Bengali to the Aryan and Aboriginal
Languages of India ;—W. R. Birt, Fourth Report on Atmospheric Waves ;—Prof. W.
H. Dove, Temperature Tables, with Introductory Remarks by Lieut.-Col. E. Sabine

;

—A. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Coh-
stlints for 1829.

Together with the Transactions of the Sections, Sir Robert Harry Inglis’s Addr^,
nd Recommendations of the Association and its Committees.
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PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea,
1848, Published at 9s.

Contents:—Rev, Prof. Powell, A Oatalogae of Oboervations of Luminous
Meteors;—J. Glynn, on Water-pressure Engines;—R. A. Smith, on the Air and
Water of Towns ;—Eighth Report of Committee on the Growth and Vitality of Seeds

;

—W. R. Birt, Fifth Report on Atmospheric Waves;—E. Schunck, on Colouring
Ma'fters ;—J. P. Budd, on the advantageous use made of the gaseous escape from the
Blast Furnaces at the Ystalyfera Iron Works ;—R. Hunt, Report of progress in the
investigation of the Action of Carbonic Acid on the Growth of Plants allied to those
of the Coal Formations ;—Prof. H. W. Dove, Supplement to the Temperature Tables
printed in the Report of the British Association for 1847 ;—Remarks by Prof. Dove on
his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on
some of the principal Conclusions in regard to Climatology deducible from them

;

with an introductory Notice by Lieut.-Ct'l. E. Sabine ;—Dr. Daubeny, on the progress
of the investigation on the Influence of Carbonic Acid on the Growth of Perns ;—J.

Phillips, Notice of further progress in Anemometrical Researches;—Mr. Mallet’s
Letter to the Assistant-General Secretary;—A. Erman, Second Report on the
Gaussian Constants ;—Report of a Committee relative to the expediency of recom-
mending the continuance of the Toronto Magnetical and Meteorological Observatory
until December 1860.

Together with the Transactions of the Sections, the Marquis of Northampton’s
Address, and Recommendations of the Association and its Committees.

PROCEEDINGS of the NINETEENTH MEETING, at Birmingliam,

1849, Published at 10s.

Contents:—Rev. Prof. Powell, A Catalogue of Observations of Luminous
Meteors ;—Earl of Rosse, Notice of Nebulse lately observed in the Six-feet Reflector

;

—Prof. Daubeny, on the Influence of Carbonic Acid Gas on the health of Plants,

especially of those allied to the Fossil Remains found in the Coal Formatfbn ;—Dr.
Andrews, Report on the Heat of Combination ;—Report of tlic Committee on the
Registration of the Periodic Phenomena of Plants and Animals ;—Ninth Report of
Committee on Experiments on the Growth and Vitality of Seeds;—F. Ronalds,
Report concerning the Observatory of the British Association at Kew, from Aug. 9,

1848 to Sept. 12, 1849;—R. Mallet, Report on the Experimental Inquiry on Railway
Bar Corrosion ;—W. R. Birt, Report on the Discussion of the Electrical Observations
at Kew.

Together with the Transactions of the Sections, the Rev. T. R. Robinson’s Address,
and Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTIETH MEETING, at Edinburgh,

1860, Published at 16s. (Out of Print.)

Contents:—R. Mallet, First Report on the Facts of Earthquake Phenomena;

—

Rev. Prof. Powell, on Observations of Luminous Meteors ;—Dr. T. Williams, on the

Structure and History of the British Annelida ;—T. C. Hunt, Results of Meteoro-
logical Observations taken at St. Michael’s'ij^rom the 1st of January, 1840, to the 31st

of December, 1849;—R. Hunt, on thf\ present State of our Knowledge of the

Chemical Action of the Solar Radiations ;—T3nth Report of Committee on Experi-

ments on the Growth and Vitality of Seeds ;—Major-Gen. Briggs, Report on the
A1x)riginal Tribes of India ;—F. Ronalds,^ Report concerning the Observatory of the

British Association at Kew ;—E. Forbes, Report on the Investigation of British

Marine Zoology by means of‘the Dredge ;—R. MacAndrew, Notes on the Distribution

and Range in depth of Mollusca and other Marine Animals, observed ou the coasts

of Spain, Portugal, Barbary, Malta, and Southern lta% iu 1849 ;—Prof. Allman, on
the j^esent State of our Knowledge of the Freshwater Polyzoa ;—^Registration of

the Periodical Phenomena of Plants and Animals ;—^Suggestions to Astronomers for

the Observation of the Total Eclipse of the Sim on July 28, 1851.

Together with the Transactions of the Sections, Sir David Brewster’s Address,
and Recommendations of the Association and its Committees.
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PROCEEDINGS of the TWENTY-FIRST MEETING, at Ipswich,
1851, Published at 16s. Gc?.

Contents:—Rev. Prof. Powell, on Observations of Luminous Meteors;

—

Eleventh Report of Committee on Experiments on the Growth and Vitality of
Seeds

;—Dr. J. Drew, on the Climate of Southampton ;—Dr. R. A. Smith, on the
Air and Water of Towns : Action of Porous Strata, Wat^r, and Organic Matter ;

—

Report of the Committee appointed to consider the probable Effects in an Econo-
mical and Physical Point of View of the Destruction of Tropical Forests ;—A.
Henfrey, on the Reproduction and supposed Existence of Sexual Organs in the
Higher Cryptogamous Plants ;—Dr. Daubeny, on the Nomenclature of Organic Com-
pounds Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology

;

—Dr. T. Williams, Report on the British Annelida ;—R. Mallet, Second Report on
the Facts of Ejirthquake Phenomena ;—Letter from Prof. Henry to Col. Sabine, on
the System of Meteorological Observations proposed to be established in the United
States ;—Col. Sabine, Report on the Kew Magnetographs ;—J. Welsh, Report on the
Performance of his three Magnetographs during the Experimental Trial at the
Kew Observatory ;—F. Ronalds, Report concerning the Observatory of the British
Association at Kew, from September 12, 1860, to July 31, 1851 ;—Ordnance Survey
of Scotland. '

,

•

Together with the Transactions of the Sections, Prof, Airy’is Address, and Recom-
mendations of the Association and its Committees. .

PROCEEDINGS of the TWENTY-SEOOND MEETING, at Belfast,

1852, Published at 15s.

Contents :—R. Mallet, Third Report on the Facts of Earthquake Phenomena ;

—

Twelfth Report of Committee on Experiments on the Growth and Vitality of Seeds;
—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1851-62 ;—Dr,
Gladstone, on the Influence of the Solar Radiations on the Vital Powers of Plants

;

—A Manual of Ethnological Inquiry ;—Col. Sykes, Mean Temperature of the Day,
and Monthly Fall of Rain at 127 Stations under the Bengal Presidency;—I*rof. J.

D. Forbes, on Experiments on the Laws of the Conduction of Heat ;—R. Hunt, on
the Chemical Action of the Solar Radiations ;—Dr. Hodges, on the Composition and
Economy of the Flax Plant ;—W. Thompson, on the Freshwater Fishes of Ulster ;

—

W. Thompson, Supplementary Report on the Fauna of Ireland ;—W. Wills, on the
Meteorology of Birmingham ;—J. Thomson, on the Vortex-Water-Wheel ;—J. B.
Lawes and Dr. Gilbert, on the Composition of Foods in relation to Respiration and
the Feeding of Animals.

Together with the Transactions of the Sections, Colonel Sabine’s Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-THIRD MEETING, at HnU,
1853, Published at 10s. Qd.

Contents:—Rev. Prof. Powell, Report on Observations of Luminous Meteors,
1852-53 ;—James Oldham, on the Physical Features of the Humber ;—James Old-
ham, on the Rise, Progress, and Present Position of Steam Navigation in Hull ;

—

William Fairbaim, Experimental Researches to determine the Strength of Locomo-
tive Boilers, and the causes which lead to Explosion ;—J. J. Sylvester, Provisional

Report on the Theory of Determinants ;-*>Profes8or Hodges, M.D., Report on the
Gases evolved in Steeping Flajj:, and on the Composition and Economy of the Flax
Plant ;—^Thirteenth Report of Committee on Esqperiments on the Growth and
Vitality of Seeds ;—Robert Hunt, on the Chemical Action of the Solar Radiations

;

—Dr. John P. Bell, Observations on the Character and^Measurements^ of -Degrada-
tion of the Yorkshire Coast ;—First Report of Committee on the Physical Character
of the Moon’s Surface, as compared with that of the Earth ;—R. Mallet, Provisional

Report on Earthquake W^ve-Transits ; and on Seismometrical Instruments;

—

William Fairbaim, on the Mechanical Properties of Metals srs derived from repeated
Meltings, exhibiting the maximum point of strength and the causes of deterioration

—Robert Mallet, Third Report on the Facts of Earthquake Phenomena (continued).

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and
Recommendations of the Association and its Committees.
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PROCEEDINGS op the TWENTY-FOURTH MEETING, at Liver-
pool, 1854, Published at I85.

Contents :—B. Mallet, Third Eeport on the Facts of Earthquake Phenomena
(continued) ;—Major-General Chesney, on the Construction and General Use of
Efficient Life-Boats ;—Rev. Prof. Powell, Third Report on the present State of our
Knowledge of Radiant Heat ;—Colonel Sabine, on some of the results obtained at
the '^British Colonial Magnetic Observatories j—Colonel Portlock, Report of the
Committee on Earthquakes, with their proceedings respecting Seismometers ;—Dr.
Gladstone, on the Influence of the Solllr Radiations on the Vital Powers of Plants,
Part 2 ;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1863-64

;

—Second Report of the Committee on the Physical Character of the Moon’s Surface

;

—W. G. Armstrong, on the Application of Water-Pressure Machinery j—J. B. Lawes
and Dr. Gilbert, on the Equivalency of Starch and Sugar in Food ;—^Archibald
Smith, on the Deviations of the Compas'' in Wooden and Iron Ships ;—Fourteenth
Report of Committee on Experiments on the Growth and Vitality of Seeds.

Together with the Transactions’ of the Sections, the Earl of Harrowby’s Address,
and Recommendations of the Associatioh and its Committees.

, ^

PROCEEDINGS op the TWENTY-FIFTH MEETING, at Glasgow,
1855,' Published at 15^. »

Contents:—T. Dobson, Report on the Relation between Explosions in Coal-
Mines and Revolving Storms ;—Dr. Gladstone, on the Influence of the Solar Radia-
tions on the Vital Powers of Plants growing under different Atmospheric Conditions,
Part 3;—C. Spence Bate, on the British Edriophthalma ;—J. F. Bateman, on the
present state of our knowledge on the Supply of Water to Towns ;—Fifteenth
Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Rev.
Prof. Powell, Report on Observations of Luminous Meteors, 1854-66;—Report of
Committee appointed to inquire into the best means of ascertaining those properties

of Metals and effejpts of various modes of treating them which are of importance
to the durability and efficiency of Artillery ;—Rev. Prof. Henslow, Report on Typical •

Objects in Natural History ;—A. Follett Osier, Account of the Self-registering

Anemometer and Rain-Gauge at the Liverpool Observatory ;—Provisional Reports.

Together with the Transactions of the Sections, the Duke of Argyll’s Address,
and Recommendations of the Association and its Committees.

PROCEEDINGS op the TWENTY-SIXTH MEETING, at Chel-

tenliam, 1856, Published at I85 .

Contents:—Report from the Committee appointed to investigate and report
upon the effects produced upon the Channels of the Mersey by the alterations which
within the last fifty years have been made in its Banks ;—J. Thomson, Interim
Report on progress in Researches on the Measurement of Water by Weir Boards ;

—

Dredging Report, Frith of Clyde, 1866;—Rev. B. Powell, Report on Observations of
Luminous Meteors, 1866-1866 ;—Prof. Ilunsen and Dr. H. E. Roscoe, Photochemical
Researches;—Rev. James Booth, on the Trigonometry of the Parabola, and the
Geometrical Origin^ of Logarithms;—R. MacAndrew, Report on the Marine
Testaceous Mollusca of the North-east Atlai:'tic and neighbouring Seas, and the
physical conditions affecting their de^Pth^pnlent ;—P. P. Carpenter, Report on the

present state of our knowledge with regard to the JMollusca of the West Coast of

North America;—T. C. Eyton, Abstract of First Report on the Oyster Beds and
Oysters of the British Shores ;—Prof. Phillips, Report on Cleavage, and Foliation in

Bocks, and on the Theoretical Explanations of these Phenomena, Part 1 ;—Dr. T.

Wright, on the Stratigraphical Distribution of the Oolitic Echinodermata ;—^W.

Fairbaim, on the Tensile Strength of Wrought Iron at various Temperatures ;—-0.
Atherton, bn Mercantile Steam Transport Economy ;— i. Bowerbank, on the Vital

Powers of the Spongiadae ;—Report of a Committee upon the Experiments con-

dubted at Stormontfield, near Perth, for the artificial propagation of Salmon ;—Pro-

visional Report on the Measurement of Ships for Tonnage ;—On Typical Forms of

/Minerals, Plants and Animals for Museums;—J. Thomson, Interim Report on Pro-

cess in Researches on the Measurement of Water by Weir Boards ;—R. Mallet, on
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Observations with the Seismometer ;—A. Cayley, on the Progress of Theoretical

Dynamics;—Report of a Committee appointed to consider the formation of a
Catalogue of Philosophical Memoirs.

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and
Recommendations of the Association and its Committees.

TWENTY-SEVENTH MEETINQ, atPROCEEDINGS of the
Dublin, 1857, Published at 15s.

Contents :—^A. Cayley, Report on the re^nt progress of Theoretical Dynamics

;

—Sixteenth and Final Report of Committee on Experiments on the Growth and
Vitality of Seeds James Oldham, C.E., continuation of Report on Steam Navigation
at Hull ;—Report of a Committee on the Defects of the present methods of Measur-
ing and Registering the Tonnage of Shipping, as also of Marine Engine-Power, and
to frame more perfect rules, in order that a correct and uniform principle may be
adopted to estimate the Actual Carrying Capabilities and Working-power of Steam
Ships ;—Robert Were Fox, Report on the Temp»lftiture of some Deep Mines in Corn-

—a (lt\ ^ I5<| ^ 1

wall ?—Dr. <J. Plarr, de quelques Transformations de la Somme

a 6tant entier n6gatif, et de quelques cas dans lesquels cette jomme est exprimable
par une coc'.binaison do factorielles, la notation a^\ + * d6signant le produit des
facteurs a (a+1) (a+ 2) &c. ...(a+ ^ -1) ;—G. DicLie, M.D.> Report on the Marine
Zoology of Strangford Lough, County Down, and corresponding part of the Irish

Channel ;—Charles Atherton, Suggestions for Statistical Inquiry into the Extent to
which Mercantile Steam Transport Economy is atfepted by the Constructive Tjipe of
Shipping, as respects the Proportions of Length, Breadth, and Depth ;—J. S. Bower-
bank, Further Report on the Vitality of the Spongiadae ;—Dr. John P. Hodges, on
Flax ;—Major-General Sabine, Report of the Committee on the Magnetic Survey of
Great Britain;—Rev. Baden Powell, Report on Observations of Luminous Meteors,
1856-57 ;—C. Vignoles, on the Adaptation of Suspension Bridges to sustain the
passage of Railway Trains;— Prof. W. A. Miller, on Electro-Chemistry;— John
Simpson, Results of Thcrmometrical Observations made at the Wintering-
place, Point Barrow, latitude 71° 21' N., long. 156° 17' W., in 1852-54;—Charles
James Hargreave, on the Algebraic Couple ;

and on the Equivalents of Indetermi-
nate Expressions ;—Thomas Grubb, Report on the Improvement of Telescope and
Equatorial Mountings ;—Prof. James Buckman, Report on the Experimental Plots
in the Botanical Garden of the Royal Agricultural College at Cirencester ;—William'
Fairbairn, on the Resistance of Tubes to Collapse ;—George C. Hyndman, Report of
the Proceedings of the Belfast Dredging Committee ;—Peter W. Barlow, on the
Mechanical Effect of combining Girders and Suspension Chains, and a Comparison
of the Weight of Metal in Ordinary and Suspension Girders, to produce equal de-
flections with a given load ;—J. Park Harrison, Evidences of Lunar Influence on
Temperature ;—Report on the Animal and Vegetable Products imported into Liver-
pool from the years 1851 to 1855 (inclusive) ;—Andrew Henderson, Report on the Sta-
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom.

Together with the Transactions of the Sections, the Rev. H. Lloyd’s Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTyIeIGHTH MEETING, at Leeds,
September 1868, Published at 20s. ^

Contents :-^R. Mallet, Fourth Report upon the Facts and Theory of Earthquake
Phenomena;—Rev. Prof. Powell, Report on Observationi^ of Luminous Meteors, 1867-
1858 ;—R. H. Meade, on some Points in the Anatomy of the Araneideaor true Spiders,

especially' on the internal structure of their Spinning Organs ;—W. Fairbairn, Report
of the Committee on the Patent Laws ;—S. Eddy, on the Lead Mining Districts of
Yorkshire ;—W. Fairbairn, on the Collapse of Glass Globes and Cylinders ;—Dr. B.
Perceval Wright and .Aof. J. Reay Greene, Report on the Marine Fauna of the South
and West Coasts of Ireland ;-^Prof. J. Thomson, on Experiments on the Measurement
of Water by Triangular Notches in Weir Boards ;—Major-General Sabine, Report of
the Committee on the Magnetic Survey of Great Britain ;—Michael Connel and
William Keddie, Report on Animal, Vegetable, and Mineral Substances import^
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock,
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and Port Glasgow) in the years 1853, 1854, 1855, 1856, and 1857;—Keport of the
Committee on Shipping Statistics ;—Rev. H. Lloyd, D.D., Notice of the Instruments
employed in the Magnetic Survey of Ireland, with some of the Results ;—Prof. J. R.
Kinahan, Report of Dublin Dredging Committee, appointed 1867-68 ;—Prof. J. R.
Kinahan, Re^rt on Crustacea of Dublin District ;—^Andrew Henderson, on River
Steamers, their Fonn, Construction, and Fittings, with reference to the necessity for
improving the present means of Shallow-Water Navigation bn the Rivers of British
Indfh ;—George C. Hyndman, Report of the Belfast Dredging Committee ;—^Appendix
to Mr. Vignoles’ Paper ‘ On the Adaptation of Suspension Bridges to sustain the
passage of lUilway Trains

;

’—Report of the Joint Committee of the Royal Society
and the British Association, for proemring a continuance of the Magnetic and
Meteorological Observatories ;—R. Beckley, Description of a Self-recording Ane-
mometer.

Together with the Transactions of the Sections, Prof. Owen’s Address, and Re-
commendations of the Association and itj Committees.

PBOOBEDINGS OF the fWENTY-NINTH MEETING, at Aberdeen,
September 1859, Published at 15s.

Contents :—George C. Foster, Preliminary Report on the Recent Progress and
Present State of Organic Chemistry ;—I’rofessor Buckman, Report on the Growth of
Plants in the Garden of the RoyaCAgricultural College, Cirencester ;—Dr. A. yoelcker.
Report on Field Experiments and Laboratory Researches on the Constituents of
Manures essential to Cultivated Crops;—^A. Thomson, of Banchory, Report on
the Aberdeen Industrial Feeding Schools ;—On the Upper Silmians of Lesmahagow,
Lanarkshire ;—Alphonse Gages, Report on the Results obtained by the Mechanico-
Chemical Examination of Rooks and Minerals ;—William Fairbairn, Experiments to
determine the Efficiency of Continuous and Self-acting Brakes for Railway Trains ;

—

Professor J, R. Kinahan, Report of Dublin Bay Dredging Committee for 1868-69 ;

—

Rev. Baden Powell, Report on Observations of Luminous Meteors for 1868-69 ;

—

Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq.,

late Resident in Nepal, &c. &c. ;—Messrs. Maskelyne, Hadow, Hardwich, and Llewelyn,
Report on the Present State of om Knowledge regarding the Photographic Image ;

—

G. C. Hyndman, Report of the Belfast Dredging Committee for 1869;—James
Oldham, Continuation of Keport of the Progress of Steam Navigation at Hull ;

—

Charles Atherton, Mercantile Steam Transport Economy as affected by the Con-
sumption of Coals ;—Warren De La Rue, Report on the present state of Celestial

Photography in England;—Professor Owen, on the Orders of Fossil and Recent
Reptilia, and their Distribution in Time ;—Balfour Stewart, on some Results of the
Magnetic Survey of Scotland in the years 1867 and 1868, undertaken^ at the request

of the British Association, by the late John Weli^h, Esq., F.R.S.;—W. Fairbairn, The
Patent Laws : Report of Committee on the Patent Laws ;—J. Park Harrison, Lunar
Influence on the Temperature of the Air :—Balfour Stewart, ah Account of the Con-
struction of the Self-recording Magnetographs at present in operation at the Kew
Observatory of the British Association ;—Professor H. J. Stephen Smith, Report on
the Theory of Numbers, Part 1. ;—Report of the Committee on Steamship Performance

;

—Report of the Proceedings of the Balloon Committee of the British Association
appointed at the Meeting at Leeds

;
— Prof. William K. Sullivan, Preliminary

Report on the Solubility of Salts at TomfJv^ratures above 100® Cent., and on the
Mutual Action of Salts in Solution.

Together with the Transactions of the Sections, Prince Albert’s Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS op the THIRTIETH MEETING, at Oxford, June
and July 1860, 15s.

Contents:—James Glaisher, Report on Observsltxons of Luminous Meteors,

1869-60 ;—J. R. Kinahan, Report of Dublin Bay Dredging Committee ;—Rev, J,

“Anderson, Report on the Excavations in Dura Den f—^of. Buckman, Report on
the Experimental Plots in the Botanical Garden of the Royal Agricultural College,

•'Cirencester ;—Rev. R. Walker, Report of the Committee on Balloon Ascents ;—Prof.

> W. Thomson, Report of Committee appointed to prepare a Self-recording Atmo*
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spheric Electrometer for Kew, and Portable Apparatus for observing Atmospheric
Electricity ;—William Fairbairn, Experiments to determine the Effect of Vibratory

Action- and long-cbntinued Changes of Load upon Wronght-iron Girders;—R. P.

Greg, Catalogue of Meteorites and Fireballs, fromA.D. 2 to a.d. 1860;—Prof. H. J. S.

Smith, Reporti on the Theory of Numbers, Part II, ;—^Vice-Admiral Moorsom, on the
Performance of Steam-vessels, the Functions of the Screw, and the Relations of its

Diameter and Pitch to the Form of the Vessel ;—Rev. W* V. Harcourt, Report on the
Effects of long-continued Heat, illustrative of Geological Phenomena;—S^nd
Report of the Committee on Steamship Performance ;—^Interim Report on the Gauging
of Water by Triangular Notches ;—List of the«British Marine Invertebrate Fauna.

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and
Recommendations of the Association and its Committees.

I

PROCEEDINGS of the THIRTY-FIRST MEETING, at Manohes-
ter, September 1861, P«i)Ks7iC(i oi j£l.

u O
Contents :—James Glaisher, Report on Observations of Luminous Meteors ;

—

Dr. E. Smith, Report on the Action of Prison Diet and Discipline on the Bodily
Functions of Prisoners, Part I. ;—Charles Atherton, on Freight as affected by Differ-

ences in the Dyhamic Properties of Steamships;—Warren De®La Rue, Report on the
Progress of Celestial Photography since the Aberdeen Meeting ;—B. Stewart, on the

Theory of Exchanges, and its recent extension ;—Di%. E. Schunck, R. Angus Smith,
and H. E. Roscoe, on the Recent Progress and Present Condition of Manufacturing
Chemistry in the South Lancashire District;—Dr. J. Hunt, on Ethno-Climatology

;

or, the Acclimatization of Man ;—Prof. J. Thomson, on Experiments on the Gauging
of Water by Triangular Notches ;—Dr. A. Voelcker, Report on Field Experiments
and Laboratory Researches on the Constituents of Manures essential to cultivated

Crops ;—Prof. H.Hennessy, Provisional Report on the Present State of our Knowledge
respecting the Transmission of Sound-signals during Fogs at Sea ;—Dr. P. L. Scla^
and F, von Hochstetter, Report on the Present State of our Knowledge of the Birds
of the Genus Apteryx living in New Zealand ;—J, G. Jeffreys, Report of the Results

of Deep-sea Dredging in Zetland, with a Notice of several Species of Mollusca new
to Science or to the British Isles ;—Prof. J. Phillips, Contributions to a Report on
the Physical Aspect of the Moon ;—W. R. Birt, Contribution to a Report on the Phy-
sical Aspect of the Moon;—Dr. Collingwood and Mr. Byerley, Preliminary Report
of the Dradging Committee of the Mersey and Dee;—Third Report of the Committee
on Steamship Performance ;—J. G. Jeffreys, Preliminary Report on the Best Mode of

preventing the Ravages of Teredo and other Animals in our Ships and Harbours ;

—

R. Mallet, Report on the Experiments made at Holyhead to ascertain the Transit-

Velocityof Waves, analogous to EarthquakeWaves,throughthe local Rock Formations

;

—T, Dobson, on the Explosions in British Coal-Mines during the year 1869;—J, Old-
ham, Continuation of Report on Steam Navigation at Hull ;—Prof. G. Dickie, Brief
Summary of a Report on the Flora of the North of Ireland ;—Prof. Owen, on the •

Psychical and Physical Characters of the Mincopies, or Natives of the Andaman
Islands, and on the Relations thereby indicated to other Races of Mankind ;—Colonel
Sykes, Report of the Balloon Committee ;—Major-General Sabine, Report on the Re-
petition of the Magnetic Survey of England ;—Interim Report of the Committee for

Dredging on the North and East Coasts of Scotland ;—W. Fairbairn, on the Resist-

ance of Iron Plates to Statical Pressure and the Force of Impact by Projectiles at.

High Velocities ;—W. Fairbairn, Continuation of Report to detemine the effect of

Vibratory Action and long-continued Chances of Load upon Wrought-Iron Girders

;

—Report of the Committee on the Law of Patents ;—Prof, H. J, S. Smith, Report on
the Theory of Numbers, Part lil.

Together with the Transactions of the Sections, Mr. Fairbaim’s Address, and Re-
commendations of the Association and its Committees.

%

PROCEEDINaS OP the I’HIRTY-SECOND, MEETING at Cam-
bridge, October 1862, Fuhliahed at £\.

Contents James Glaisher, Report on Observations of Luminous Meteors,i86I~
62 ;—G. B. Airy, on the Strains in the Interior of Beams ;—^Archibald Smith and P.
J. Evans, Report on the three Reports of the Liverpool Compass Committee ;—Itoport

on Tidal Observations on the Humber T. Aston, on Rifled Guns and Projectiles
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adapted for Attacking Armout-plate Defences -Extracts, relating to the Observa-
tory at Kew, from a Keport presented to the Portuguese Government, by Dr. J. A.
de Souza H. T. Mennell, Report on the Dredging of the Northumberland Coast
and Dogger Bank |—Dr. Cuthbert Collingwood, Report upon the best means of ad-
vancing Science through the agency of the Mercantile Marine ;—Messigp. Williamson,
Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, Provisional Report on Stan-
dards of Electrical Resistance ;—Preliminary Report of the Committee for investiga-
ting•the Chemical and Mineralogical Composition of the Granites of Donegal ;—Prof.

H. Hennessy, on the Vertical Movements of the Atmosphere considered in connec-
tion with Storms and Changes of Weather ;—Report of Committee on the application
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations ;•

—

Pleeming Jenkin, on Thermo-electric Currents in Circuits of one Metal
;—W. Fair-

bairn, on the Mechanical Properties 6f Iron Projectiles at High Velocities ;—A. Cay-
ley, Report on the Progress of the Solution of certain Special Problems of Dynamics;
—Prof. G. G. Stokes, Report on Double Re^xaction ;—Fourth Report of the Committee
on Steamship Performance ;—G. J. S3mions, on the Fall of Rain in the British Isles

in 1860 and 1861 J. Ball, on Thermometric Observations in the Alps ;—J. G.
Jeffreys, Report of the Committee for Dredging on the North and East Coasts of
Scotland ;—Report of the Committee on Technical and Scientific Evidence in Courts
of Law;—James Glaisljer, Account of Right Balloon Ascents in 1862 ;—Prof. H. J. S.

Smith, Report on the Theory of Numbers, Part IV.

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address,
and Recommendations of the Association and its Committees.

PEOCBEDINGS of the THIRTY-THIRD MEETING, at New-
castle-npon-Tyne, August and September 1863, Published at £1 5s.

Contents ;—Report of the Committee on the Application of Gun-cotton to War-
like Purposes ;—A. Matthiessen, Report on the Chemical Nature of Alloys ;—Report
of the Committee on the Chemical and Mineralogical Constitution of the Granites of

Donegal, and on the Rocks associated withthem ;—J. G. Jeffreys, Report of the Com-
mittee appointed for exploring the Coasts of Shetland by means of the Dredge ;

—

G. D. Gibb, Report on the Physiological Effects of the Bromide of Ammonium;—C. K.
Aken, on the Transmutation of Spectral Rays, Part I. ;—Dr. Robinson, Report of the
(Committee on Fog Signals ;—Report of the Committee on Standards of Electrical

Resistance;—E. Smith, Abstract of Report by the Indian Government on the Foods
used by the Free and Jail Populations in India ;—A. Gages, Synthetical Researches
on the Formation of Minerals, &c. ;—R. Mallet, Preliminary Report on the Experi-
mental Determination of the Temperatures of Volcanic Foci, and of the Temperature,
State of Saturation, and Velocity of the issuing Gases and Vapours;—Report of the
Committee on Observations of Luminous Meteors ;—Fifth Report of the Committee
on Steamship. Performance ;—G. J. Allman, Report on the Present State of our Know-
ledge of the Reproductive System in the Hydroida;—J. Glaisher, Account of Five Bal-
loon Ascents made in 1863 ;—P. P. Carpenter, Supplementary Report on the Present
State of our Knowledge with regard to the Mollusca of the West Coast of North
America;—Prof. Airy, Report on Steam Boiler Explosions ;—C. W. Siemens, Obser-
vations on >the Electrical Resistance and Electrification of some Insulating Materials
under Pressures up to 300 Atmospheres ;—C. M. Palmer, on the Construction of Iron

Ships and the Progress of Iron Shipbuilding on the Tyne, Wear, and Tees ;—Messrs.

Richardson, Stevenson, and Clapham, on the Chemical Manufactures of the Northern
Districts^—Messrs. Sopwith and Richards m, on the Local Manufacture of Lead,
Copper, Zinc, Antimony, &c. ;—Messrs. D^glish ^nd Forster, on the Magnesian Lime-
stone of Durham ;—^I. L. Bell, on the Manufacture of. Iron in connexion With the

Northumberland and Durham Coal-field ;—T. Spencer, on the Manufacture of Steel

in the Northern District ;—Prof. H. J. S. Smith, Report on the Theory of Numbers,
Part V.

Together with the Transactions of the Sections, Sir William Armstrong’s Address,

and Recommendations of the Association and its Committoos.

. PROCEEDINGS op the THIRTY-EOURTH MEETING, at Bath,

September 1864, Published at 18s. -

v; Contents :—Report of the Committee for Observations of Luminous Meteors ;

—

Report of the Committee on the best means of providing for a Uniformityof Weights
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and Measures ;
—T. S. Cobbold, Report of Experiments respecting the Development

and Migration of the Entozoa ;—B. W. Richardson, Report on the Physiological

Action of Nitrite of Amyl ;—J. Oldham, Report of the Committee pn Tidal Observa-

tions I
—G. S. Brady, Report on Deep-sea Dredging on the Coasts of Northumberland

and Durham inl‘1864 ;—J. Glaisher, Account of Nine Balloon Ascents made in 1863
and 1864 ;—J. G. Jeffreys, Further Report on Shetland Dredgings ;—Report of the

Committee on the Distribution of the Organic Remains of the North Staffordshire

Coal-field ;—Report of the Committee on Standards of Electrical Resistance ;—&. J.

S3anons, on the Fall of Rain in the British Isles in 1862 and 1863 ;—W. Fairbaim,
Preliminary Investigation of the Mechanical®Properties of the proposed Atlantic

Cable.
Together with the Transactions of the Sections, Sir Charles Lyell’s Address, and

Recommendations of the Association and its Committees,

PROCEEDINGS op the THIRTY-Pp’TH MEETING, at Binning,
ham, September 1865, Published at £1 6s. '

Contents:—J. G. Jeffreys, Report on Dredging among the Channel Isles,*—P,
Buckland, Report on the Cultivation of Oysiefs by Natural and Artificial Methods ;

—

Report of tb^ Committee for exploring Kent’s Cavern ;—Repbrt of the Committee
on Zoological Nomenclature ;—Report on the Distr^ution of the Organic Remains
of the North Staffordshire Coal-field ;—Report on the Marine. Fauna and Flora of
the South Coast of Devon and Cornwall ;—Interim Report on the Resistance of
Water to Floating and Immersed Bodies ;—Report on Observations of Luminous
Meteors ;—Report on Dredging on the Coast of Aberdeenshire ;—J. Glaisher, Account
of Three Balloon Ascents ;—Interim Report on the Transmission of Sound under
Water ;—G. J. Symons, on the Rainfall of the British Isles ;—W. Fairbairn, on the
Strength of Materials considered in relation* to the Construction of Iron Ships ;

—

Report of the Gun-Cotton Committee ;—A. F. Osier, on the Horary and Qiurnal
Variations in the Direction and Motion of the Air at Wrottesley, Liverpool, and
Birmingham ;—B. W. Richardson, Second Report on the Physiological Action of
certain of the Amyl Compounds ;—Report on further Researches in the Lingula-
flags of South Wales ;—Report of the Lunar Committee for Mapping the Surface of
the Moon ;—Report on Standards of Electrical Resistance ;—Report of the Com-
mittee appointed to communicate with the Russian Government respecting Mag-
netical Observations at Tiflis;—^Appendix to Reporton the Distribution of the Verte-
brate Remains from the North Staffordshire Coal-field;—H. Woodward, First Report
on the Structure and Classification of the Fossil Crustacea ;—Prof. H. J. S. Smith,
Report on the Theory of Numbers, Part VI. ;—Report on the best means of providing
for a Uniformity of Weights and Measures, with reference to the interests of Science

:

—A. G. Findlay, on the Bed of the Ocean ;—Prof. A. W. Williamson, on the Com-
position of Gases evolved by the Bath Spring called King’s Bath.

Together with the Transactions of the Sections, Prof. Phillips’s Address, and Re-
commendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-SIXTH MEETING, at Notting-
bam, August 1866, Published at £1 45.

Contents :—Second Report on Kent’s Cavern, Devonshire ;—^A. Matthiessen,

Preliminary Report on the Chemical Natur(^ of Cast Iron ;—Report on Observations

of Luminous Meteors;—W. S. Mitchell, Report on the Alum Bay Leaf-bed;

—

Report on the Resistance of Water to Floating and Immersed Bodies ;—Dr. Norris,

Report on Muscular Irritability;—Dr. Richardson, Report on the Physiological

Action of certain compounds of Amyl and Ethyl ;—H. Woodward, Second Report on
the Structure and Classification of the Fossil Crustacea;—Second Report on
the * Menevian Group,’ and the other Formations at St. David’s, Pembrokeshire

;

—J. Q. Jeffreys, Report out Dredging among the Hebrides;—Rev. A. M. Norman, ^

Report on the Coasts of the Hebrides, Part II. ;—J. Alder, Notices of Some Inverte-

brata, in connexion with Mr. Jeffreys’s Report;—G. S. Brady, Report on the
Ostranoda dredged amongst the Hebrides ;—Report on Dredging in the Moray Firth

;

—Report on the Transmission of Sound-Signals under Water ;—Report of the Lunar
Committee ;—Report of the Rainfall Committee ;—Report on the best means of
providing for a Uniformity of Weights and Measures, with reference to the Interests
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of Science ;—J. Glaisher, Account of Three Baljoon Ascents ;—Report on the Extinct
Birds of the Mascarene Islands ;—Report on the Penetration of Ironclad Ships by
Steel Shot ;—J. A. Wanklyn, Report on Isomerism among the Alcohols ;—Report on
Scientific Evidence in Courts of Law ;

—

A. L. Adams, Second Report on Maltese
Fossiliferous Caves, &c.

Together with the Transactions of the Sections, Mr. Grove’s Address, and Recom*
mendations of the Association and its Committees.

PROCEEDINGS OP the THIRTY-SEVENTH MEETING, at
Dmidee, September 1867, Published at £1 6.9.

Contents :—Report of the Committee for Mapping the Surface of the Moon ;

—

Third Report on Kent’s Cavern, Devonshire ;—On the present State of the Manu-
facture of Iron in Great Britain ;—Third Meport on the Structure and Classification

of the Fossil Crustacea ;—Report on the Physiological Action of the Methyl Com-
pounds ;—Preliminary Report on the Exploration of the Plant-Beds of North Green-
land ;—Report of the Steamship Perform.'* oce Committee ;—On the Meteorology of
Port Louis, in the Island of Mauritius ;—On the Construction and Works of the
Highland Railway;—Experimental Researches on the Mechanical Properties of
Steel ;—Report on the Marine Fauna and Flora of the South Coast of Devon and
Cornwall ;—Supplement to a Reppi i* on the Extinct Didine Birds of the Mascarene
Islands ;—Report on Observations of Luminous Meteors ;—Fourth Report on Dredging
among the Shetland Isles ;—Preliminary Report on the Crustacea, &c., procured by
the Shetland Dredging Committee in 1867 ;—Report on the Foraminifera obtained
in the Shetland Seas ;—Second Report of the Rainfall Committee ;—Report on the
best means of providing for a Uniformity of Weights and Measures, with reference
to the interests of Science ;—Report on Standards of Electrical Resistance.

Together with the Transactions of the Sections, and Recommendations of the
Association and its Committees.

PROCEEDINGS op the THIRTY-EIGHTH MEETING, at Nor-
wich, August 1868, Published at £1 5s,

Contents :—Report of the Lunar Committee ;—Fourth Report on Kent’s Cavern,
Devonshire ;—On Puddling Iron ;—Fourth Report on the Structure and Classifica-

tion of the Fossil Crustacea ;—Report on British Fossil Corals ;—Report on Spectro-

scopic Investigations of Animal Substances;—Report of Steamship Performance
Committee ;—Spectrum Analysis of the Heavenly Bodies ;—On Stellar Spectro-
metry ;—Report on the Physiological Action of the Methyl and allied Compounds ;

—

Report on the Action of Mercury on the Biliary Secretion ;—Last Report on Dredg-
ing among the Shetland Isles ;—Reports on the Crustacea, &c., and on the Annelida
and Foraminifera from the Shetland Dredgings ;—Report on the Chemical Nature of

Cast Iron, Part I.;—Interim Report on the Safety of Merchant Ships and their
Passengers ;—Report on Observations of Luminous Meteors ;—Preliminary Report
on Mineral Veins containing Organic Remains ;—Report on the Desirability of
Exploration^ between India and China ;—Report of Rainfall Committee ;—Re-
port on Synthetical Researches on Organic Acids ;—Report on Uniformity of Weights
and Measures ;—Report of the Committee on Tidal Observations ;—Report of the
Committee on Underground Temperature ;—Changes of the Moon’s Surface ;—Re-
port on Polyatomic Cyanides.

,

Together with the Transactions of the Sections, Dr. Hooker’s Address, and Recom-
mendations of the Association and its Committees.

PROCEEDINGS or the THIRTY-NINTH MEETING, at Exeter,

August 1869, Published at £\ 2s.

Contents Report on the Plant-bei4s of North Greenland ;—Report on the
ATfistiTtg knowledge on the Stability, Ihropulsion, and Seagoing qualities of Ships ;

-^Report on Steam-boiler Explosions ;—Preliminary Report on the Determination
of the Gases existing in Solution in Well-waters;—The Pressure of Taxation on
Ri^al Property ;—On the Chemical Reactions of Light discovered by Prof. Tyndall ;

—

On Fossils obtained at Kiltorkan Quarry, co. Kilkenny;—Report of the Lunar Com-
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mittee ;—Beport on the Chemical Nature of Cast Iron ;—Beport on the Marine Fauna
and Flora of the South Coast of Devon and Cornwall ;—Beport on the Practicability

of establishing a ‘ Close Time ’ for the Protection of Indigenous Animals ;—Experi-
mental Besearches on the Mechanical Properties of Steel;—Second Beport on
British Fossil Cort|,ls ;—Beport of the Committee appointed to get cut and prepared
Sections of Mountain-Limestone Corals for Photographing ;—Beport on the Bate of
Increase of Underground Temperature;—Fifth Beport .on Kent’s Cavern, Devon-
shire ;—Beport on the Connexion between Chemical Constitution and Physiological
Action;—On Emission, Absorption, and Beflection of Obscure Heat;—Be^rt on
Observations of Luminous Meteors ;—Beport on Uniformity of Weights and Measures

;

—Beport on the Treatment and Utilization of Sewage ;—Supplement to Second
Beport of the Steamship-Performance Committee ;—Beport on Becent Progress in
Elliptic and Hyperelliptic Functions;—Beport on Mineral Veins in Carboniferous
Limestone and their Organic Contents ;—Notes on the Foraminifera of Mineral
Veins and the Adjacent Strata ;—Beport of the Bainfall Committee ;—Interim Be-
port on the Laws of the Flow and Action of Water containing Solid Matter in
Suspension;—Interim Beport on Agricultuijl Machinery;—Beport on the Physio-
logical Action of Methyl and Allied Series ;—On the Influence of Form considered
in Belation to the ^Strength of Bailway-axles and other portions of Machinery sub-
jected to Bapid Alterations of Strain ;—Orf'the Penetration of Armour-plates with
Long Shells of Large Capacity fired obliquely;—Beport on Standards of Electrical

' Eesistance.
Together with the Transactions of the Sections, Prof. Stokes’s Address, and Be-

commendations of the Association and its Committees.

PROCEEDINGS of the FORTIETH MEETING, at Liverpool,
September 1870, Published at 18s.

Contents :—Beport on Steam-boiler Explosions ;—Beport of the Committee on
the Haematite Iron-ores of Great Britain and Ireland ;—Beport on the Sedimentary
Deposits of the Biver Onny;—Beport on the Chemical Nature of Cast Iron;—Be-
port on the practicability of establishing a ‘ Close Time ’ for the protection of
Indigenous Animals ;—Report on Standards of Electrical Besistance ;—Sixth Beport
on Kent’s Cavern ;—Third Report on Underground Temperature ;—Second Beport of
the Committee appointed to get cut and prepared Sections of Mountain-Limestone
Corals;—Second Report on the Stability, ^^opulsion, and Seagoing Qualities of
Ships ;—Report on Earthquakes in Scotland ;—Beport on the Treatment and Utili-

zation of Sewage ;—Report on Observations of Luminous Meteors, 1869-70 ;—Report
on Recent Progress in Elliptic and Hyperelliptic Functions;—Report on Tidal Ob-
servations ;—On a new Steam-power Meter ;—Report on the Action of the Methyl
and Allied Series;—Report of the Rainfall Committee;—Report on the Heat
generated in the Blood in the Process of Arterialization ;—Report on the best
means of providing for Uniformity of Weights and Measures.

Together with the Transactions of the Sections, Prof. Huxley’s Address, and Re-
commendations of the Association and its Committees.

PROCEEDINGS of the FORTY-FIRST MEETING, at Edinbtirgh,

August 1871, Published at 16s.

Contents:—Seventh Report on Kert’s Cavern;—Fourth Beport on Under-
ground Temperature ;—Report on Observations of Luminous Meteors, 1870-71 ;

—

Fifth Beport on the StructurcLand Classification of the Fossil Crustacea;—Beport
of the Committee appointed for the purpose of urging on Her Majesty’s Government
the expediency of arranging and tabulating the resets of the approaching Censrw
in the three several parts of the United Aingdom in such a manner as to admit of

ready and effective comparison ;—Beport of the Committee appointed for the purpose
of Superintending the Publication of Abstracts of Chemical Papers ;—Beport of the
Committee for discussing Observations of Lunar Objects suspected of change ;

—

Second Provisional Beport on the Thermal Conductivity of Metals ;—Beport on
the Bainfall of the British Isles ;—Third Beport on the British Fossil Corals ;

—

BeportkOn the Heat generated in the Blood during the Process of Arterialization

;

—import of the Committee appointed to consider the subject of Physiologii^hl
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Experimentation ;—Eeport on the Physiological Action of Organic Chemical Com*
pounds ;—Beport of the Committee appointed to get cut and prepared Sections of
Mountain-Limestone Corals ;—Second Report on Steam-Boiler Explosions ;—Be-
port on the Treatment and Utilization of Sewage ;—Eeport on promoting the Foun-
^tion of Zoological Stations in different parts of the World ;-^Preliminary Report
on the Thermal Equivalents of the Oxides of Chlorine ;—Report on the practica-
bility of establishing a ‘ Close Time ’ for the protection of Indigenous Animals

;

—Report on Earthquakes in Scotland ;—Report on the best means of providing for

a Uniformity of Weights and Measures ;—Report on Tidal Observations.
Together with the Transactions of the Sections, Sir William Thomson’s Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS OF the FORTl-SECOND MEETING, at Brighton,
August 1872, Published at £1.4s.

•

Contents :—Report on the Gaussian Constants for the Year 1829 ;—Second Sup*
plementary Report on the Extinct Birds of the Mascarenc Islands ;-^Report of the
Committee for Superimtending the Monthly Reports of the Progress of Chemistry ;

—

Report of the Committee on th*" best means of providing for a Uniformity of
Weights and Measures ;—Eighth Report on Kent’s Cavern ;—Report on promoting the
Foundation of Zoological Stations in different parts of the World ;—Fourth Report
on the Fauna of South Devon ;—Preliminary Report of the Committee appointed to
Construct and Print Catalogues of Spectral Rays arranged upon a Scale of Wave-
numbers ;—Third Report on Steam-Boiler Explosions ;—Report on Observations of
Luminous Meteors, 1871-72 ;—Experiments on the Surface-friction experienced by
a Plane moving through Water ;—Report of the Committee on the Antagonism be-
tween the Action of Active Substances ;—Fifth Report on Underground Tempera-
ture ;—Preliminary Report of the Committee on Siemens’s Electrical-Resistance
Pyrometer :—Fourth Report on the Treatment and Utilization of Sewage ;—Interim
Report of the Committee on Instruments for Measuring the Speed of Ships and
Currents ;—Report on the Rainfall of the British Isles ;—Report of the Committee
on a Geographical Exploration of the Country of Moab ;—Sur I’^limination des
Functions Arbitraires ;—Report on the Discovery of Fossils in certain remote parts

of the North-western Highlands ;—Report of the Committee on Earthquakes in
Scotland ;—Fourth Report on Carboniferous-Limestone Corals Report of the Com-
mittee to consider the mode in which new Inventions and Claims for Reward in

respect of adopted Inventions are examined and dealt with by the different Depart-
ments of Government j—Report of the Committee for discussing Observations of
Lunar Objects suspected of change ;—Report on the Mollusca of Europe ;—Report of

the Committee for investigating the Chemical Constitution and Optical Properties
of Essential Oils

;
—Report on the practicability of establishing a * Close Time ’ for

the preservation of Indigenous Animals ;—Sixth Report on the Structure and Classi-

fication of Fossil Crustacea ;—Report of the Committee appointed to organize an Ex-
pedition for observing the Solar Eclipse of Dec. 12, 1871 ;—Preliminary Report of
a Committee on Terato-embryological Inquiries ;—Report on Recent Progress in

Elliptic and H3q)erelliptic Functions ;—Report on Tidal Observations j—On the
Brighton Waterworks ,*—On Amsler’s Planimeter.

Together with the Transactions of the Sections, Dr. Carpenter’s Address, and
Recommendations of the Association and^rii Committees.

PROCEEDINGS op the FORTY-THIRD MEETING, at Bradford,

September 1873, Published at £1. 6s.

Contents:—Report of the Committee on Mathematical Tables j—Observations
on the Application of Machinery to the Cutting of Coal in Mines j—Concluding Re-
port on the Maltese Fossil Elephants j—Beport of the Committee for ascertaining

the Existence in different parts of the United Kingdom of any Erratic Blocks or
Boulders }—Fourth Report on Earthquakes in Scotland j—Ninth Report on Kent’s
Cavern j—On the Flint and Chert Implements found in Kent’s Cavern ;—Beport of

tbe Committee for Investigating the Chejnical Constitution and Optical Properties

of Essential Oils }—Beport of Inquiry into the Method of making Gold-assays |

1888> 3 B
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•—Fifth Report on the Selection and Nomenclature of Dynamical and Electrical

Units ;—Report of the Committee on the Labyrinthodonts of the Coal-measures ;

—

Report of the Committee appointed to construct and print Catalogues of Spectral

Rays ;—Report of the Committee appointed to explore the Settle Caves ;—Sixth Report
on Underground Temperature ;—Report on the Rainfall of the British Mes ;—Seventh
Report on Researches in Fossil Crustacea ;—Report on Recent Progress in Elliptic

and Hyperelliptic Functions ;—Report on the desirability of establishing a ‘ Close

Time ’ for the preservation of Indigenous Animals ;—Report on Luminous Meteors
;—On the Visibility of the Dark Side of Venus ;—Report of the Committee for the

Foundation of Zoological Stations in different parts of the World ;—Second Report of
the Committee for collecting Fossils from North-western Scotland ;—Fifth Report
on the Treatment and Utilization of Sewage ;—Report of the Committee on Monthly
Reports of the Progress of Chemistry;—On the Bradford Waterworks ;—Report on
the possibility of Improving the Methods of Instruction in Elementary Geometry

;

—Interim Report of the Committee on Instruments for Measuring the Speed of
Ships, &c. ;—Report of the Committee for Determinating High Temperatures by
means of the Refrangibility of Light evolved by^'Fluid or Solid Substances ;—On a
Periodicity of Cyclones and Rainfall in connexion with Sunspot Periodicity ;—Fifth
Report on the Structure of Carboniferous-Limestone Corals ;—Report of the Com-
mittee on preparing and publishing brief forms of Instructions for Travellers,

Ethnologists &c. ;—Preliminary Note from the Committee on the Influence of Forests

on the Rainfall ;—Report of the Sub-Wealden Exploration Committee ;—Report of

the Committee on ISIachinery for obtaining a Record of the Roughness of the Sea
and Measurement of Waves near sliore ;—Report on Science Lectures and Organi-
zation ;—Second Report on Science Lectures and Organization.

Together with the Transactions of the Sections, Prof. A. W. Williamson’s Address,
and Recommendations of the Association and its Committees.

PEOCEBDINGS OP the FORTY-FOURTH MEETING, at Belfast,

Angnst 1874, Published at £1 6s.

Contents:—

T

enth Report on Kent’s Cavern;—Report for investigating the

Chemical Constitution and Optical Properties of Essential Oils;—Second Report of

the Sub-Wealden Exploration Committee ;—On the Recent Progress and Present

State of Systematic Botany ;—Report of the Committee for investigating the Nature
of Intestinal Secretion ;—Report of the Committee on the Teaching of Physics in

Schools ;—Preliminary Report for investigating Isomeric Cresols and their Deriva-
tives ;—Third Report of the Committee for collecting Fossils from localities in
North-western Scotland ;—Report on the Rainfall of the British Isles ;—On the Bel-

fast Harbour ;—Report of Inquiry into the Method of making Gold-assays ;—Report
of a Committee on Experiments to determine the Thermal Conductivities of certain

Rocks ;—Second Report on the Exploration of the Settle Caves ;—On the Industrial

uses of the Upper Bann River ;—Report of the Committee on the Structure and
Classification of the Labyrinthodonts ;—Second Report of the Committee for record-

ing the position, height above the sea, lithological characters, size, and origin of the
Erratic Blocks of England and Wales, &c.;— Sixth Report on the Treatment and
Utilization of Sewage ;—Report on the Anthropological Notes and Queries for the
use of Travellers ;—On Cyclone and Rainfall Periodicities ;—Fifth Report on Earth-
quakes in Scotland ;—Report of the Committee appointed to prepare and print

Tables of Wave-numbers ;—Report of the Committee for testing the new Pyrometer
of Mr. Siemens ;—Report to the Lords Commissioners of the Admiralty on Experi-

ments for the Determination of the Frictional Resistance of Water on a Surface

&c. ;—Second Report for the Selection and Nomenclature of Dynamical and Elec-

trical Units ;—On Instruments for measuring the Speed of Ships ;—Report of the
Committee on the iwssibility of establishing a * Close Time ’ for the Protection

of Indigenous Animals ;—Report of the Committee to inquire into the economic
effects of Combinations of Labourers and Capitalists —Preliminary Report on
Dredging on the Coasts of Durham and IJorth Yorkshire ;—Report on Luminous
Meteors ;—Report on the best means of providing for a Uniformity of Weights and
Measures. .

*

Together with the Transactions of the Sections, Prof. John Tyndall’s Address, and
Recommendations of the Association and ito Committees.
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PROCEEDINGS of the FORTY-PIETH MEETING, at Bristol,

August 1875, Fublished at £1 6s, (Out of Print.)

Contents :—Eleventh Report on Kent’s Cavern ;—Seventh Report on Under-
ground Temperature ;—Report on the Zoological Station at Naples ;—Report of a
Committee appointed to inquire into the Methods employed in the Estimation of
Pota^ and Phosphoric Acid in Commercial Products ;—Report on the present state

of 6Ur Knowledge of the Crustacea;—Second Report on the Thermal Conduc-
tivities of certain Rocks ;—Preliminary Reiport of the Committee for extending the
Observations on the Specific Volumes of Liquids ;—Sixth Report on Earthquakes
in Scotland ;—Seventh Report on the Treatment and Utilization of Sewage ;—Re-
port of the Committee for furthering the Palestine Explorations Third ^port of
the Committee for recording the position, height above the sea, lithological

characters, size, and origin of the Brrn ; io Blocks of England and Wales, &c. ;

—

Report, of the Rainfall Committee -lk,eport of the Committee for investigating
Isomeric Cresols and their Derivatives ;—Report of the Committee for investigating
the Circulation of the Underground Waters in the New Red Sandstone and Permian
Formations of England ;—On the Steering of Screw-Steamers ;—Second Report of

the Committee on Combinations of Capital and Labour ;—Report ont the Method of
making Gold-assays ;-!i-Eighth Report on Underground Temperature ;—Tides in the
River Mersey ;—Sixth Report of Jie Committee on the Structure of Carboniferous
Corals ;—Report of the Committee appointed to explore the Settle Caves ;—On
the River Avon (Bristol), its Drainage-Area, &c. ;—Report of the Committee on
the possibility of establishing a ‘ Close Time ’ for the Protection of Indigenous
Animals ;—Report of the Committee appointed to superintend the Publication of

the Monthly Reports of the Progress of Chemistry ;—Report on Dredging off the
Coasts of Durham and North Yorkshire in 1874 ;—Report on Luminous Meteors ;—On
the Analytical Forms called Trees ;—Report of the Committee on Mathematical
Tables Report of the Committee on Mathematical Notation and Printing ;—Second
Report of the Committee for investigating Intestinal Secretion ;—Third Report of

the Sub-Wealden Exploration Committee.
Together with the Transactions of the Sections, Sir John Hawkshaw’s Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS op the FORTY-SIXTH MEETING, at Glasgow,
September 1876, Published at £1 6s.

Contents:—Twelfth Report on Kent’s Cavern Report on Improving the
Methods of Instruction in Elementary Geometry ;—Results of a Comparison of the
British-Association Units of Electrical Resistance ;—Third Report on the Thermal
Conductivities of certain Rocks ;—Report of the Committee on the practicability of

adopting a Common Measure of Value in the Assessment of Direct Taxation ;

—

Report of the Committee for testing experimentally Ohm’s Law ;—Report of the
Committee on the possibility of establishing a ‘ Close Time ’ for the Protection of

Indigenous Animals ;—Report of the Committee on the Effect of Propellers on the
Steering of Vessels On the Investigation of the Steering Qualities of Ships ;

—

Seventh Report on Earthquakes in Scotland;—Report on the present state of our
Knowledge of the Crustacea;—Second Report of the Committed for investigating

the Circulation of the Underground Waters in the New Red Sandstone and Permian
Formations of England ;—Fourth Report of the Committee on the Erratic Blocks of

England and Wales, &c. ;—Fourth Repq^ of the Committee on the Exploration of

the Settle Caves (Victoria Cave) ;—Report on Observations of Luminous Meteors,

1876-76;—Report on the Rainfall of the British Tslfcs, 1876-76;—Ninth Report on
Underground Temperature ;—Nitrous Oxide in the Gaseous and Liquid States ;

—

Eighth Report on the Treatment and Utilization of Sewage ;—Improved Investiga-

tions on the Flow of Water through Orifices, with Objections to the modes of treat-

ment commonly adopted ;—Report of the Anthropometric Committee ;—On Cyclone
and Rainfall Periodicities in connexion with the Sun-rpot Periodicity ;—Report of

the Committee for determining the Mechanical Equivalent of Heat;—Report of the

•Committee on Tidal Observations ;—I’hird Report of the Committee on the Condi-

tions Intestinal Secretion and Movement ;—Report of the Committee for collect-

ing and suggesting subjects for Chemical Research.
‘ Together with the Transactions of the Sections, Dr. T. Andrews’s Address, and
Recommendations of the Association and its Committees.
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PROCEEDINGS op the FORTY-SEVENTH MEETING, at Ply-
mouth, August 1877, Published at £1 4^.

Contents :—Thirteenth Keport on Kent’s Cavern ;—Second and Third Beports
on the Methods employed in the estimation of Potash and Phosphoric Acid in Com-
mercial Products ;—Beport on the present state of our Knowledge of the Crustacea
(Part III.) ;—Third Beport on the Circulation of the Underground Waters in the New
Bed Sandstone and Permian Formations of England ;—^'ifth Beport on the Enratic
Blocks of England, Wales, and Ireland ;—Fourth Beport on the ITiermal Conducti-
vities of certain Bocks ;—Keport on Observations of Luminous Meteors, 1876-77 ;

—

Tenth Beport on Underground Temperature j—Beport on the Effect of Propellers on
the Steering of Vessels ;—Beport on the possibility of establishing a * Close Time ’

for the Protection of Indigenous Animals ;—Keport on some Double Compounds of
Nickel and Cobalt ;—Fifth Keport on the Exploration of the Settle Caves (Victoria
Cave) ;—Beport on the Datum Level of the Ordnance Survey of Great Britain ;

—

Beport on the Zoological Station at Naples ;—Keport of the Anthropometric Com-
mittee ;—Keport on the Conditions under whieh Liquid Carbonic Acid exists in
Bocks and Minerals.

Together with the Transactions of the Sections, Prof. Allen Thomson’s Address
and Becommendations of the Association axd its Committees^

PROCEEDINGS of the FORTY-EIGHTH MEETING, at DubUn,
August 1878, Published at £1 4s.

Contents :—Catalogue of the Oscillation-Frequencies of Solar Bays ;—Beport
on Mr. Babbage’s Analytical Machine ;—Third Keport of the Committee for deter-
mining the Mechanical Equivalent of Heat ;—Keport of the Committee for arrang-
ing for the taking of certain Observations in India, and Observations on Atmospheric
Electricity at Madeira ;—Keport on the commencement of Secular Experiments upon
the Elasticity of Wires ;—Beport on the Chemistry of some of the lesser-known
Alkaloids, especially Veratria and Bebeerine ;—Keport on the best means for the
Development of Light from Coal-Gas ;—Fourteenth Keport on Kent’s Cavern ;

—

Beport on the Fossils in the North-west Highlands of Scotland ;—Fifth Beport on
the Thermal Conductivities of certain Bocks ;—Beport on the possibility of estab-
lishing a ‘ Close Time ’ for the- Protection of Indigenous Animus ;—Keport on the
occupation of a Table at the Zoological Station at Naples ;—Keport of the Anthro-
pometric Committee ;—Beport on Patent Legislation ;—Keport on the Use of Steel
for Structural Purposes ;—Keport on the Geographical Distribution of the Chiro-
ptera ;—Kecent Improvements in the Port of Dublin ;—Keport on Mathematical
Tables ;—Eleventh Report on Underground Temperature ;—Report on the Explora-
tion of the Fermanagh Caves;—Sixth Report on the Erratic Blocks of England,
Wales, and Ireland ;—Report on the present state of our Knowledge of the Crus-
tacea (Part IV.) ;—Report on two Caves in the neighbourhood of Tenby ;—Report on
the Stationary Tides in the English Channel and in the North Sea, Ac. ;—Second
Report on the Datum-level of the Ordnance Survey of Great Britain ;—Beport on
instruments for measuring the Speed of Ships ;—Report of Investigations into a
Comnion Measure of Value in Direct Taxation;—Report on Sunspots and Rainfall;
—Report on Observations of Luminous Meteors ;-^Sixth Report on the Exploration
of the Settle Caves (Victoria Cave) ;—Report on the Kentish Boring Exploration;

—

Fourth Report on the Circulation of Underground Waters in the Jurassic, New Red
Sandstone, and Permian Formations, with 9̂ Appendix on the Filtration of Water
through Triassic Sandstone ;—Report on the Effect of Propellers on the Steering of

Vessels. • r

Together with the Transactions of the Sections, Mr. Spottiswoode’s Address, and
Becommendations of the Association and its Comihittees.

PROCEEDINGS OF THE FORTY-NINTH MEETING, at Sheffield,

August 1879, Published at £1 4s,

Contents:—Beport on the commencement of Secular Experiments upon th^
Elasticity of Wires ;—Fourth Beport of the Committee for determining the Mechan-
i^l Equivalent of Heat;—Beport of the Committee for endeavouring to procn^
reports on the Progress of the Chief Branches of Mathematics and Physics;—Twelf^
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Beport on Underground Temperature ;—Beport on Mathematical Tables ;—Sixth
Beport on the Thermal Conductivities of certain Bocks ;—Beport on Observations
of Atmospheric Electricity at Madeira ;—Beport on the Calculation of Tables of the
Fundamenttd Invariants of Algebraic Forms ;—Beport on the Calculation of Sun-
Heat Coefficients ;—Second Beport on the Stationary Tides in the English Channel
and in the North Sea, &c. ;—Beport on Observations of Luminous Meteors;—Beport
on the question of Improvements in Astronomical Clocks ;—Beport of the Committee
for i&proving an Instrument for detecting the presence of Fire-damp in Mines ;

—

Beport on the Chemistry of some of the lesser-known Alkaloids, especially Veratria
and Beeberine ;—Seventh Beport on the Erratic Blocks of England, Wales, and Ire-

land ;—Fifteenth Beport on Kent’s Cavern ;—Beport on certain Caves in Borneo ;

—

Fifth Beport on the Circulation of Underground Waters in the Jurassic, Bed Sand-
stone, and Permian Formations of England ;—Beport on the Tertiary (Miocene)
Flora, &c., of the Basalt of the North « ‘f Ireland ;—Beport on the possibility of
Establishing a * Close Time ’ for the Protection of Indigenous Animals ;—Beport on
the Marine Zoology of Devon and Cornwall ;—Beport on the Occupation of a Table
at the Zoological Station at Naples ;—B'^port on Excavations at Portstewart and
elsewhere in the North of Ireland ;—Beport of the Anthropometric Committee ;

—

Beport on the Investigation of the Natipral History of Socotra ;—Beport on Instru-
ments for measuring the Speed of Ships ;—Third Beport on the Datum-level of the
Ordnance Survey of Great Britoiu ;—Second Beport on Patent Legislation ;—On
Self-acting Intermittent Siphohs and the conditions which determine the com-
mencement of their Action;—On some further Evidence as to the Bange of the
Palaeozoic Bocks beneath the South-east of England ;—Hydrography, Past and
Present.

Together with the Transactions of the Sections, Prof. Allman's Address, and
Becommendations of the Association and its Committees.

PROCEEDINGS of the FIFTIETH MEETING, at Swansea, August
and September 1880, Published at £1 4s.

Contents :—Beport on the Measurement of the Lunar Disturbance of Gravity;

—

Thirteenth Beport on Underground Temperature;— Beport of the Committee for

devising and constructing an improved form of High Insulation Key for Electrometer
Work ;—Beport on Mathematical Tables ;—Beport on the Calculation of Tables
of the Fundamental Invariants of Algebraic Forms;—Report on Observations of

Luminous Meteors;—Report on the question of Improvements in Astronomical
Clocks;—Report on the commencement of Secular Experiments on the Elasticity

of Wires ;—Sixteenth and concluding Beport on Kent’s Cavern ;—Report on the
mode of reproduction of certain species of Ichthyosaurus from the Lias of England
and Wiirtemburg ;—Report on the Carboniferous Polyzoa ;—Report on the * Geological
Record’;—Sixth Report on the Circulation of the Underground Waters in the
Permian, New Red Sandstone, and Jurassic Formations of England, and the Quantity
and Character of the Water supplied to towns and districts from these formations ;

—

Second Beport on the Tertiary (Miocene) Flora, &c., of the Basalt of the North of

Ireland;—Eighth Report on the Erratic Blocks of England, Wales, and 'Ireland;

—

BepoTt on an Investigation for the purpose of fixing a Standard of White Light ;

—

Beport of the Anthropometric Committee ;—Report on the Influence of Bodily Exercise

on the Elimination of Nitrogen ;—Second R^^port on the Marine Zoology of South
Devon ;—Beport on the Occupation of a Tahle at the Zoological Station at Naples ;

—

Beport on accessions to our knowledge oi the Ohiropt-v.ra during the past two years

(1878-80) ;—Preliminary Beport on the accurate mi.asurement of the specific in-

ductive capacity of a good Sprengel Vacuum, and the specific resistance of 'gases at

different pressures ;—Comparison of Curves of the Declination Magnetographs at

Kew, Btonyhurst, Coimbra, Lisbon, Vienna, and St. Petersburg ;—First Import on
the Caves of the South of Ireland ;—Beport on the' Investigation of the Natural

History of Socotra ;—Beport on the German and other terns of teaching the Deaf
to speak ;—Beport of the Committee for considering whether it is important that

H.ML Inspectors of Elementary Schools should be appointed with reference to their

ability for examining in the scientific specific subjects of the Code in addition to

pth^ matters ;—On the Anthracite Coal and Coalfield of South Wales ;—Report on
ibb present state of our knowledge of Crustacea (Part V.) ;—Report on the best means
for the Development of Light from Coal-gas of different qualities (Part H.) ;—Beport
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on Palseoutologioal and Zoological Researches in Mexico ;—Report on the possibility

of ei^blishing a * Close Time ’ for Indigenous Animals ;—Report on the present state

of our knowledge of Spectrum Analysis ;—Report on Patent Legislation ;—Pre-
liminary Report on the present Appropriation of Wages^ &c. ;—Report on the present
state of knowledge of the application of Quadratures and Interpolation to Actual
Data ;—The French Deep-sea Exploration in the Bay of Biscay ;—Third Report on
the Stationary Tides

^
in the English Channel and in the North Sea, Ac. ;—List of

Works on ihe Geology^ Mineralogy, and Palaeontology of Wales (to the end of 1873);

—

On the recent Revival in Trade. ,

Together with the Transactions of the Sections, Dr. A, C. Ramsay’s Address^ and
Recommendations of the Association and its Committees.

PROCEEDINGS op the PIFTY-FIBST MEETING, at York,
Angnst and September 1881, Published at ;£1 4s.

Contents :—Report on the Calculation of Tables of the Fundamental Invariants
of Algebraic Forms;—Report on Recent Progress in Hydrodynamics (Part I.);

—

Report on Meteoric Dust ;—Second Report* on the Calculation of .Sun-heat Co-
efficients;—Fourteenth Report on Underground Temperafure;—Report on the
Measurement of the Lunar Disturbance of Gra^ty;—Second Report on an In-
vestigation for the purpose of fixing a Standard or White Light ;—Final Report on
the Thermal Conductivities of certain Rocks;—Report on the manner in which
Rudimentary Science should be taught, and how Examinations should be held
therein, in Elementary Schools ;—Third Report on the Tertiary Flora bf the North
of Ireland ;—Report on the Method of Determining the Specific Refraction of Solids

from their Solutions ;—Fourth Report on the Stationary Tides in the English Channel
and in the North Sea, &c. ;—Second Report on Fossil Polyzoa;—Report on the
Maintenance of the Scottish Zoological Station;—Report on the Occupation of a
Table at the Zoological Station at Naples ;—Report on the Migration of Birds ;

—

Report on the Natural History of Socotra;—Report on the Natural History of
Timor-laut;—Report on the Marine Fauna of the Southern Coast of Devon and
Cornwall;—Report on the Earthquake Phenomena of Japan;—Ninth Report on
the Erratic Blocks of England, Wales, and Ireland;—Second Report on the
Caves of the South of Ireland;—Report on Patent Legislation;—Report of the
Anthropometric Committee;—Report on the Appropriation of Wages, &o. ;—Re-
port on Observations of Luminous Meteors;—Report on Mathematical Tables;

—

Seventh Report on the Circulation of Underground Waters in the Jurassic,

New Red Sandstone, and Permian Formations of England, and the Quality and
Quantity of the Water supplied to Towns and Districts from these ITormations;

—

Report on the present state of our Knowledge of Spectrum Analysis ;—Interim Report
of the Committee for constructing and issuing practical Standards for use in Electrical

Measurements ;—On some new Theorems oh Curves of Double Curvature ;—Observa-
tions of Atmospheric Electricity at the Kew Observatory during 1880;—On the
Arrestation of Infusorial Life by Solar Light ;—On the Effecte of Oceanic Currents
upon Climates ;—On Magnetic Disturbances and Earth Currents ;—On some Applica-
tions of Electric Energy to Horticultural and Agricultural purposes On the Pressure
of Wind upon a Fixed Plane Surface ;—On the Island of Socotra ;—On some of the
Developments of Mechanical Engineering during the last Half-Century.

Together with the Transactions of the Sections, Sir John Lubbock’s Address, and
Recommendations of the Association and its Committees.

REPOET OP THE EIPTY-SEOOlSrD MEETING, at Southampton,
August 1882, Fuhlished at £1 4s.

Contents :—Report on the Calculation of Tables of Fundamental Invariants of

Binary Quantics ;—Reportf (provisional) of the Committee for co-operating with the

Meteorological Society of the Mauritius in their proposed publication of Daily
Synoptic Charts of the Indian Ocean from the year 1861 ;—Report of the Committee
appointed for fixing a Standard of White I^ight ;—Report om Recent Progress^ in

Hydrodynamics (Part II.) ;—Report of the Committee for constructing and issuing

practical Standards for use in Electrical Measurements -Fifteenth Report on Undbr-
grqpind Temperature, with Summaxy of the Results contained in the Fifteen Reports
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of the Underground Temperature Committee ;—Report on Meteoric Dust Second
Report on the Measurement of the Lunar Disturbance of Gravity ;—Report on the
present state of our Knowledge of Spectrum Analysis ;—Report on the Investigation
by means of Photography of the Ultra-Violet Spark Spectra emitted by Metallic
Elements, and their combinations under varying conditions ;—Report of the Com-
mittee for preparing a new Series of Tables of Wave-lengths of the Spectra of the
Elements;—Report on the.Methods employed in the Calibration of Mercurial Ther-
mometers ;—Second Report on the Earthquake Phenomena of Japan ;—Eighth Report
on the Circulation of the Underground Waters in the Permeable Formations of
England, and the Quality and Quanti^ of the Water supplied to various Towns and
Districts from these Formations ;—Report on the Conditions under which ordinary
Sedimentary Materials may be converted into Metamorphic Rocks;—Report on
Explorations in Caves of Carboniferous Limestone in the South of Ireland ;—Report
on the Prep^ation of an International Geological Map of Europe ;—Tenth Report on
the Erratic ' Blocks of England, Wales, and Ireland;—Report on Fossil Polyzoa
(Jurassic Species—British Area only);—Preliminary Report on the Flora of the
* Halifax Hard Bed,* Lower Coal* Measures ;—Report on the Influence of Bodily
Exercise on the Elimination of Nitrogen ,—Report of the Committee appointed for
obtaining Photographs of the T^^ical Races in the British Isles ;—Preliminary
Report on the Ancient^Earthwork in Epping Forest known as the Loughton Camp

;

—Second Report on the Natural History of Timor-laut ;—Report of the Committee
for carrying out the recommendations of the Anthropometric Committee of 1880,
especially as regards the anthropometry of children and of females, and the more
complete discussion of the collected facts ;—Report on the Natural History of
Socotra and the adjacent Highlands of Arabia and Somali Land ;—Report on the
Maintenance of the Scottish Zoological Station;—Report on the Migration of
Birds ;—Report on the Occupation of a Table at the Zoological Station at Naples ;

—

Report on the Survey of Eastern Palestine ;—Final Report on the Appropriation of
Wages, &c. ;—Report on the working of the revised New Code, -and of other legisla-

tioh ‘affecting the teaching of Science in Elementary Schools ;—Report on Patent
Legislation ;—Report of the Committee for determining a Gauge for the manufacture
of various small Screws ;—Report on the best means of ascertaining the Effective
Wind Pressure to which buildings and structures are exposed;—On the Boiling
Points and Vapour Tension of Mercury, of Sulphur, and of some Compounds of
Carbon, determined by means of the Hydrogen Thermometer ;—On the Method of
Harmonic Analysis used in deducing the Numerical Values of the Tides of long
penod, and on a Misprint in the Tidal Report for 1872 List of Works on the
Geology and Palaeontology of Oxfordshire, of Berkshire, and of Buckinghamshire ;

—

Notes on the oldest Records of the Sea-Route to China from Western Asia;—The
Deserts of Africa and Asia ;—State of Crime in England, Scotland, and Ireland in
1880 ;—On the Treatihent of Steel for the Construction of Ordnance, and other pur-
poses ;—The Channel Tunnel ;—The Forth Bridge.

Together with the Transactions of the Sections, Dr. C. W. Siemens’s Address, and
Recommendations of the Association and its Committees.

REPORT OP THE .FIFTY-THIRD MEETING, at Southport,
September 1883, Published at £1 4s,

Contents:—Report of the Coniiuittee for constructing 'and issuing practical

Standards for use in Electrical Measuremr jts;—Sixteenth Report on Underground
Temperature ;—Report on the best ExpAimcntal Methods that can be used in ob-
serving Total Solar Eclipses ;—Report on the Harmoi^'o Analysis of Tidal Observa-
tions ;—Report of the Committee for co-operating with the Meteorological Society of
the Mauritius in their proposed publication of Daily Synoptic Charts of the
Indian Ocean from the year 1861 ;—Report on Mathematical Tables ;—Report of the
Committee for co-operating with the Scottish Meteorological Society in making
Meteorological Observations on Ben Nevis -Report on ih. leoric Dust Report of
the Committee appointed for fl^xing a Standard of White Light ;—Report on Chemical
Nomenclature Report on the investigation by means of Photography of the Ultra-

Violiet Spark Spectra emitted by Metallic Elements, and their combinations under

.

veryiug conditions ;—Report on Isomeric' Naphthalene Derivatives ;—Re^rt on
AKplorations in Caves in the Carboniferous Limestone in the South of Irmand
Report on the Exploration of Raygill Fissme, Yorkshire ;—Elevmith Report on the
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Erratic Blocks of England, Wales, and Ireland ;—Ninth Report on the Circulation of
the Underground Waters in the Permeable Formations of England, and the Quality
and Quantity of the Water supplied to various Towns and Districts from these For-
mations ;—Report on the Fossil Plants of Halifax^—Fourth Report on Fossil
Polyzoa ;—Fourth Report on the Tertiary Flora of the North of Ireland;—Report on
the Earthquake Phenomena of Japan Report on the Fossil Phyllopoda of , the
Palaeozoic Rocks ;—Third Report on the Natural History qf Timor Laut ;—Repoi^ on
the Natural History of Socotra and the adjacent Highlands of Arabia and Somali
Land ;—Report on the Exploration of Kilima-njaro and the adjoining mountains of
Eastern Equatorial Africa ;—Report on the ^Migration of Birds ;—Report on the
Maintenance of the Scottish Zoological Station ;—Report on the Occupation of a Table
at the Zoological Station at Naples ;—Report on the Influence of Bodily Exercise on
the Elimination of Nitrogen;—Report on the Ancient Earthwork in Epping Forest,
known as the * Loughton * or ‘ Cowper’s * Camp ;—Final Report of the Anlihropometric
Committee ;—Report of the Committee for defining the Facial Characteristics of the
Races and Principal Crosses in the British Isles^^ and obtaining Illustrative Photo-
graphs ;—Report on the Survey of Eastern Palestine ;—Report on the workings of
the proposed revised New Code, and of other legislation affecting the teaching
of Science in Elementary Schools ;—Report on Patent Legislation ;—Report of the
Committee for determining a Gauge for the manufacture of ifarious small Screws ;

—

Report of the ‘ Local Scientific Societies ’ Committee ;—On some results of photo-
graphing the Solar Corona without an Eclipse ;—On Lam6’s Differential Equation ;

—

Recent Changes in the Distribution of Wealth in relation to the Incomes of the
Labouring Classes ;—On the Mersey Tunnel ;—On Manganesjf Bronze ;—Nest Gearing.

Together with the Transactions of the Sections, Professor Cayley’s Address, and
Recommendations of the Association and its Committees.

REPORT OF THE FIPTY-POURTH MEETING, at Montreal,
August and September, 1884, Published at 11. 4s.

Contents :—Report of the Committee for considering and advising on the best
means for facilitating the adoption of the Metric System of Weights and Measures
in Great Britain ;—Report of the Committee for considering the best methods of
recording the direct intensity of Solar Radiation ;—Report of the Committee for

constructing and issuing practical Standards for use in Electrical Measurements ;

—

Report of the Committee for co-operating with the Meteorological Society of the
Mauritius, in their proposed publication of Daily Synoptic Charts of the Indian
Ocean from the year 1861 ;—Second Report on the Harmonic Analysis of Tidal
Observations;—Report of the Committee for co-operating with Mr. B, J. Lowe in
his project of establishing a Meteorological Observatory near Chepstow on a per-
manent and scientific basis ;—Report of the Committee for co-operating vrith the
Directors of the Ben Nevis Observatory in making Meteorological Observations on
Ben Nevis ;—Report of the Committee for reducing and tabulating the Tidal Obser-
vations in the English Channel, made with the Dover Tide-gauge, and for connecting
them with Observations made on the French Coast -Fourth Report on Meteoric
Dust ;—Second Report on Chemical Nomenclature ;—Report on Isomeric Naphtha-
lene Derivatives Second Report on the Fossil Phyllopoda of the Palaeozoic Rocks ;

—
Tenth Report on the Circulation of Underground Waters in the Permeable Formations
of England and Wales, and the Quantity and Character of the Water supplied to
various Towns and Districts from these FoAnations ;—Fifth and last Report on Fossil

Polyzoa;—Twelfth Report on f-he Erratic Blocks of England, Wales, and Ireland;

—

Report upon the National Geological Surveys of Europe ;—Report on the Bate of
Erosion of the Sea-coasts of England and Wales, and the Influence of the Artificial

Abstraction of Shingle or other material in that action ;—Report on the Exploration
of the Raygill Fissure in Lothersdale, Yorkshire ;—Fourth Report on the Earth-
quake Phenomena of Japan ;—Report on the occupation of a Table at the Zoological
Station at Naples;—Fourth Report on the Natural History of Timor Laut;—Report
on the Influence of Bodily Exercise on the Elimination of Nitrogen ;—Report on the
Migration of Birds ;—Report on the Preparation qf a Bibliography of certain groups
of Invertebrata ;—Report on the Exploration of Kilima-i^aro, and the adjoining
mountains of Eastern Equatorial Africa;—Report on the Survey of Eastern Pales-
tine ;—Report of the Committee for defraying the expenses of completing the Pre-

paration of the final Report of the Anthropometric Committee Report on the
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teaching of Science in Elementary Schools Report of the Committee for deter-
mining a Gauge for the manufacture of the various small Screws used in Telegraphic
and Electrical Apparatus, in Clockwork, and for other analogous purposes ;—Report
on Patent Legislation Report of the Committee for delining the Facial Charac-
teristics of the Races and Principal Crosses in the British Isles, and obtaining
Illustrative Photographs with a view to their publication ;—Report on the present
state of our knowledge of Spectrum Analysis ;—Report of the Committee for pre-
paring a new series of Wafe-length Tables of the Spectra of the Elements On the
Connection between Sunspots and Te^’restrial Phenomena;—On the Seat of the
Electromotive Forces in the Voltaic Cell On the Archaean Rocks of Great Britain

;—On the Concordance of the Mollus^ inhabiting both sides of the North Atlantic
and the intern;iediate Seas ;—On the Characteristics of the North American Flora;

—

On the Theory of the Steam Engine ;- -Improvements in Coast Signals, with Supple-
mentary Remarks on the New Eddystone Lightlmuse ;—On American Permanent
Way.

Together with the Transactions of the Sections, Lord Rayleigh’s Address, and
Recommendations of the Association and its Committees.

RBPOET OP THE FIPTY-FIFTH MEETING, at Aberdeen, Sep-
tember 1885, Tuhluhed at ts.

Contents:—Report of the?® Committee for constructing and issuing practical

Standards for use in Electrical Measurements ;—Report of the Committee for pro-
moting Tidal Observations in Canada ;—Fifth Report on Meteoric Dust ;—Third
Report on the Harmonid Analysis of Tidal Observations;—Report of the Committee
for co-operating with the Meteorological Society of the Mauritius in their proposed
publication of Daily Synoptic Charts of the Indian Ocean from the year 1861 ;

—

Report of the Committee for reducing and tabulating the Tidal Observations in the
English 'Channel, made with the Dover Tide-gauge, and for connecting them with
Observations made on the French Coast ;—Report on Standards of White Light ;

—

Report of the Committee for co-operating with Mr. E. J. Lowe in his project of

establishing a Meteorological Observatory near Chepstow on a permanent and
scientific basis ;—Report on the best means of Comparing and Reducing Magnetic
Observations;—Report of the Committee for co-operating with the Scottish Meteoro-
logical Society in making Meteorological Observations on Ben Nevis;—Seventeenth
Report on Underground Temperature ;—Report on Electrical Theories ;—Second
Report of the Committee for considering the best methods of recording the direct

intensity of Solar Radiation ;—Report on Optical Theories ;— Report of the Committee
for investigating certain Physical Constants of Solution, especially the Expansion of
Saline Solutions ;—Third Report on Chemical Nomenclature ;—Report of the Commit-
tee for the Investigation by means of Photography of the Ultra-Violet Spark Spectra
emitted by Metallic Elements and their Combinations under varying conditions ;—
Report of the Committee for investigating the subject of Vapour Pressures and
Refractive Indices of Salt Solutions;—Report of the Committee for preparing a new
series of Wave-length Tables of the Spectra of the Elements and Compounds;

—

Thirteenth Report on the Erratic Blocks of England, Wales, and Ireland ;—Third
Report on the Fossil Phyllopoda of the Palaeozoic Rocks;—Fifth Report on the
Earthquake Phenomena of Japan ;—Eleventh Report on the Circulation of Under-
ground Waters in the Permeable Formations of England and Wales, and the
Quantity and Character of the Water supplied to various Towns and Districts from
these Formations ;—Report on the Volci^c Phenomena of Vesuvius ;—Report on the

Fossil Plants of the Tertiary and Secondary Beds of the United Kingdom ;—Report on
the Bate of Erosion of the Sea-coasts of England and*Wales, and the Influence of the
.Artificial Abstractionbf Shingle or other material in that action ;—Report on the"^occu-

pation of a Table at the Zoological Station at Naples ;—Report of the Committee for

promoting the Establishment of a Marine Biological Station at Granton, Scotland ;

—

Report on the Aid given by the Dominion Government and the Government of the

United States to the Encouragement of Fisheries, and tcr*the Investigation of the va-

rious forms of Marine Life on .the coasts and rivers of North America;—Report of

the Committee for promoting the Establishment of Marine Biological Stations on the
coast of the United Kingdom ;—Report on recent Polyzoa ;—Third Report on the
Exploration of Kilima-njaro and the adjoining mountains of Equatorial Africa;

—

Report on the Migration of Birds;—Report of the Committee for furthering the

188^* 3s,
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Exploration of New Guinea by making a gfrant to Mr. Forbes for the purposes of his

Expedition ;—Report of the Committee for furthering the Scientific Examination of

the country in the vicinity of Mount Roraima in Guiana by making a grant to Mr.
Everard F. im Thurn for the purposes of his Expedition ;—Report of the Committee
for promoting the Survey of Palestine ;—Report on the Teaching of Science in Ele-

mentary Schools ;—Report on Patent Legislation ;—Report of the Committee for

investigating and publishing reports on the physical characters, languages, and
industrial and social condition of the North-Western Tribes of the Dominidh of

Canada;—Report of the Corresponding Societies Committee ;—On Electrolysis;

—

A
tabular statement of the dates at which, and the localities where Pumice or Volcanic
Dust was seen in the Indian Ocean in 1883-4 ;—List of Works on the Geology, Mine-
ralogy, and Palasontology’ of Staffordshire, Worcestershire, and Warwickshire ;

—

On Slaty Cleavage and allied Rock-Structures, with special reference to the Mecha-
nical Theories of their Origin ;—On the Strength of Telegraph Poles ;—On the Use
of Index Numbers in the Investigation of TVade Statistics ;—The Forth Bridge
Works;—Electric Lighting at the Forth Bridge Works ;—The New Tay Viaduct.

Together with the Transactions of the Sections, Sir Lyon Playfair’s Address, and
Recommendations of the Association and its Committees.

REPORT or the FIFTY-SIXTH MEETING; at Birmingham,
September 1886, Published at £1 4s.

Contents :

—

Report on Standards of Light

;

—Report of the Committee for pre-

paring Instructions for the practical work of Tidal Observation, and Fourth Report
on the Harmonic Analysis of Tidal Observations ;—Report of the Committee for co-

operating with the Scottish Meteorological Society in making Meteorological Obser-
vations on Ben Nevis ;—Third Report on the best methods of recording the Direct
Intensity of Solar Radiation ;—Second Report on the best means of Comparing and
Reducing Magnetic Observations ;—First Report on our Experimental Knowledge of

the Properties of Matter with respect to Volume, Pressure, Temperature, and Specific

Heat Third Report of the Committee for co-operating with Mr. E. J. Lowe in his

project of establishing a Meteorological Observatory near Chepstow on a permanent
and scientific basis ;—Report of the Committee for inviting designs for a good
Differential Gravity Meter in supersession of the Pendulum ;—Report of the Com-
mittee for constructing and issuing practical Standards for use in Electrical Measure-
ments;—Second Report of the Committee for promoting Tidal Observations in

Canada ;—Report of the Committee for the reduction and tabulation of Tidal Obser-

vations in the English Channel, made with the Dover Tide-gauge, and for connecting
them with Observations made on the French Coast ;—Report of the'Committee for

preparing a new series of Wave-length Tables of the Spectra of the Elements ;

—

Second Report of the Committee for investigating the subject of Vapour Pressures

and Refractive Indices of Salt Solutions ;—Second Report of the Committee for

investigating certain Physical Constants of Solution, especially the Expansion of
Saline Solutions ;—Report (provisional) on the infiuence of the Silent Discharge of
Electricity on Oxygen and other Gases;—Report on IsomericNaphthalene Derivatives;
—Report on the Exploration of the Caves of North Wales ;—Fourteenth Report on
the Erratic Blocks of England, Wales, and Ireland ;—Report on the Volcanic Phe-
nomena of Vesuvius and its neighbourhood ;—Fourth Report on the Fossil Phyllopoda
of the Palaeozoic Rocks ;—Twelfth Report on the Circulation of Underground Waters
in the Permeable Formations of England and Wales, and the Quantity and Character
of the Water supplied to various Towns vtnd Districts from these Formations

-

Second Report on the Fossil Plants of the Tertiary and Secondary Beds of the United
,

Kingdom ;--Report on the Me'chanism of the Secretion of TMne ;—Report of the
Committee for promoting the establishment of a Marine Biological Station at

Granton, Scotland ;—Report on the occupation of a Table at the Zoological Station

at Naples ;—Report on the Migration of Birds;—Report of the Committee for con-
tinuing the Researches on Food-Fishes and Invertebrates at the St. Andrews Marine
Laboratory;—Report on thb Depth of the Permanently Frozen Soil in the Polar

Regions, its Geogn^aphical Limits and relation to the Pole of greatest cold ,*—Report
of the Committee for taking into consideration the Combination of the Ordnance and
Admiralty Surveys, and the Production of a Bathy-hypsographical Map of the British

Isles 1—Report of the Committee for drawing attention to the desirability of further

Research in the Antarctic Regions ;—Report on the teaching of Science in Ele-
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mentarj Schools ;—Report on the Regulation of Wages by means of Sliding Scales

;

—Report on the Endurance of Metals under repeated and varying Stresses, and the
proper working Stresses on Railway Bridges and other structures subject to varying
loads ;—Report on the Prehistoric Race in the Greek Islands ;—Report of the Com-
mittee for investigating and publishing reports on the physical characters, languages,
and industrial and social condition of the North-western Tribes of the Dominion of
Canada ;— Report to the Council of the Corresponding Societies Committee;—Report
on Electrolysis in its Physical and Chemical Bearings ;—Sixth Report on the Vol-
canic Phenomena of Japan ;—Second Report on the Rate of Erosion of the Sea-coasts
of England and Wales, and the Infltjence of the Artificial Abstraction of Shingle or
other Material in that action;—The Modern Development of Thomas Young’s
Theory of Colour-vision ;—On the Explicit Form of the Complete Cubic Differential

Resolvent;—On the Phenomena ana Theories of Solution ;— On the Exploration of
the Raygill Fissure in Lothersdale, Yorkshire ;—An Accurate and Rapid Method of
estimating the Silica in an Igneous Reck:—On some Points for the Consideration
of English Engineers with reference to the Design of Girder Bridges ;—The Sphere
and ;^ller Mechanism for Traismitting Power;—On Improvements in Electric
Safety Lamps ;—On the Binningham, Tame, and Rea District Drainage.

Togethejr with the transactions of the Sections, Sir J. William Dawson’s Address,
and Recommendations of the Association and its Committees.

REPORT OP THE FIFTr-SEVENTH MEETINO, at Manchester,
August and September 1887, Published at £1 4s.

Contents :—Third Report of the Committee for promoting Tidal Observations in

Canada ;—Fourth Report on the best methods of recording the direct Intensity of
Solar Radiation ;—Report of the Committee for co-operating with the Scottish

Meteorolog^ical Society in making Meteorological Observations on Ben Nevis;

—

Fourth Report of the Committee for co-operating with Mr. E. J. Lowe in his project
of establishing on a permanent and scientific basis a Meteorological Observatory near
Chepstow ;—Final Report of the Committee for co-operating with the Meteorological
Society of the Mauritius in the publication of Daily Synoptic Charts of the Indian
Ocean for the year 1861 ;—Second Report of the Committee for inviting designs for

a good Differential Gravity Meter in supersession of the Pendulum ;—Report on the
desirability of combined action for the purpose of Translation of Foreign Memoirs;
—Report on the Action of the Silent Discharge of Electricity on Oxygen and other
Gases ;—Report on the Influence of Silicon on the properties of Steel ;-r-Third Report
on Standards of Light ;—Third Report on certain Physical Constants of Solution,

especially the Expansion of Saline Solutions ;—Report on the Nature of Solution ;

—

Report on the Bibliography of Solution ;—Report of the Committee for making
arrangements for assisting the Marine Biological Association Laboratory at Ply-
mouth ;—Fifth Report on the Fossil Phyllopoda of the Palaeozoic Rocks ;—Report on
the Migration of Birds ;—Report on the Flora and Fauna of the Cameroons Moun-
tain ;—Report on the occupation of a Table at the Zoological Station at Naples ;

—

Report of the Committee for aiding in the maintenance of the establishment of a
Marine Biological Station at Granton,' Scotland. ;—Report of the Committee for con-
tinuing the preparation of a Report on our present knowledge of the Flora of China

;

—Report on the question of accurately defining the term * British ’ as applied to the
Marine Fauna and Flora of our Islai^ ;—Report of the Committee for taking steps

for the establishment of a Botanical Static at Peradeniya, Ceylon ;—Report on the
Provincial Museums of the United Eingd^om ;— ITirst Report on the Disappearance of
Native Plants from their Local Habitate ;—Report on the Mechanism of the Secretion

of Urine;—Report on the Herds of Wild Cattle in ChWtley Park and other parks in

Great Britain ;—Report on the Physiology of the Lymphatic System ;—Report on the
Depth of Permanently Frozen Soil in the Polar Regions, its Geographical Limits and
relation to the present poles of greatest cold ;—Report of the Committee for co-

operating with the Royal Geographical Society in endeavouring to bring before the
authorities of the Universities of Oxford and Cambridge the advisability of pro-

moting the study of Geography by establishing special Chairs for the purpose ;—
Final Report of the Cdmmittee for considering the bombination of the Ordnance and
Admiralty Surveys, and the production of a Bathy-hypsographical Map of the British

Inlands ;—Report on tl^ teaching of Science in Elementary Schools ;—Report on the
Plrehistoric Inhabitant^,of the British Islands ;—Report of the Committee for editing
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a new Edition of ‘ Anthropological Notes and Queries’ ;—Third Report on the North-
Western Tribes of the Dominion of Canada;—Second Report on the Prehistoric Race
in the Greek Islands ;—Report of the Committee for constructing and issuing practical
Standards for use in Electrical Measurements;— Supplement to a Report on Optical
Theories;—First Report on the * Manure’ Gravels of Wexford;—Seventh Report on
the Volcanic Phenomena of Japan ;—Report on the Volcanic Phenomena of Vesuvius
and its neighbourhood ;—Third Report on the Fossil Plants of the Tertiary and
Secondary Beds of the United Kingdom;—Report on the Microscopical Examination
of the Older Rocks of Anglesey ;—Second Report on Isomeric Naphthalene fteri-

vatives ;—Report on the Carboniferous Flora of Halifax and its neighbourhood;

—

Fifteenth Report on the Erratic Blocks of Engl&nd, Wales, and Ireland ;—Report on
the best methods of ascertaining and measuring Variations in' the Value of the
Monetary Standard ;—Second Report on the Cae Gwyn Cave, North Wales ;—Report
on the Regulation of Wages by means of Lists in the Cotton Industry ;—Third Report
on the best means of comparing and reducing Magnetic Observations ;—Second
Report on Electrolysis in its Physical and Chemical Bearings ;—Thirteenth Report on
the Circulation of Underground Waters in the Permeable Formations of England and
Wales, and the Quantity and Character of the Wafer supplied to various Towns and
Districts from these Formations ;—Report on the Higher Eocene Beds of the Isle of

Wight;—Report on the Endurance of Metals under repeated and varying stresses,

and the proper working stresses on Railway Bridges and othei> structures subject to
varying loatls ;—Report of the Committee for procuring Racial Photographs from the
Ancient Egyptian Hctures and Sculptures ;—Repor^’of the Corresponding Societies

Committee ;—On the Vortex Theory of the Luminiferous JEther ;—On the Theoiy of
Electric Endosmose and other Allied Phenomena, and on the Existence of a Sliding
Coefficient for a Fluid in contact with a Solid ;—Gold and "Silver : their Geological
Distribution and their Probable Future Production;—Recent Illustrations of the
Theory of Rent, and their Effect on the Value of Land ;—On certain Laws relating to
the Regime of Rivers and Estuaries, and on the possibility of Experiments on a small
scale ;—Experiments on the Mechanical Equivalent of Heat on a large scale ;—On an
Electric Current Meter.

Together with the Transactions of the Sections, Sir H. E. Roscoe’s Address, and
Recommendations of the Association and its Committees.
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to the Annual Report.

Names of Members of the General’ Committee are printed in
SMALL CAPITALS.

Names of Members whose addresses are incomplete or not known
are in italics.

Notice of changes of residence should be sent to the Secretai'y^ 22 Albemarle
Street^ London, W.

Year of
Election.

1887. *Abbe, Cleveland. Weather Bureau, Army Signal Office, Washing-
ton, U.S.A.

1881. *Abbott, R. T. G. Quarry Cottage, Norton, Malton.

1887. tAbbott, T. O. Eastleigh, Queen’s-road, Bowdon, Cheshire.

1868. *Abel, Sir Frederick Augustus, O.B., D.O.L., F.R.S., F.O.S.,
President of the Government Committee on Explosives. Royal •

Arsenal, Woolwich.
1856. JAbercrombie, John, M.B 39 Welbeck-street, London, W.
1886. §Abercrombt, The lion. Rat.ph, F.R.Met.Soc 21 Chapel-street,

Belgrave-square, London, S.W.
1886. •Aberdeen, The Right Hon. the Earl*., of, LL.D. 37 Grosvenor*

square, London, W.
,

1886. tAberdeen, The Countess of. 87 Grosvenor-square, London, W.
1886. jAbemethy, David W. Ferryhill Cottage, Aberdeen.
1863. *Abbrneth:t, Jambs, M.Inst.C.E., F.R.S.E. 4 Delahay-street, West-

minster, S.W.
1886. ^Abernethy, James W. 2 Rubislaw-place, Aberdeen.

1873. •Abney, Captain W. db W., R.E., O.B., F.R.S., F.R.S.E., F.R.A.S.,
F.C.S. Willeslie House, Wetherby-road, South Kensington,
London, S.W. »
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Year of
Blection.

1886. §Abraliam, Harry. 147 High-street, Southampton.
1877.

tAce, Kev. Daniel, D.D., F.R.A.S. Laughton, near Gainsborough,
Lincolnshire.

1884. lAchison, George. Collegiate Institute, Toronto, Canada.
1876. $Ackroyd, Samuel. Greaves-street, Little Horton, Bradford, Yoijc-

smre.
1882. *Apland, Alfred Dyke. Oxford. '

1869. :t^Acland, Charles T. D., M.P. Spr^doncote, Exeter.
1877. ^Acland, Captain Francis E. Dyke, R.A. School of Gunnery, Shoe-

buryness.

1878. *Acland, Rev. H. D., M.A. Nymet St. George, South Molton, Devon.
1873. *Acland, Sir Henry W. D., K.C.B., M.A., M.D., LL.D., F.R.S.,

F.R.G.S., RadclifTe Librarian and Regius Professor of Medicine
in the University of Oxford. Bri)ad-Btreet, Oxford.

1877. *Acland, Theodore Dyke, M.A. 7 Brook-street, London, W.
1860. JAcland, Sir Thomas Dyke, BarJ., M.A., D.O.L., M.P. Sprydon-

cote, Exeter
;
and Atheuasum Club, Londoiij S.W.

1887. 5 Adami,, J. G., B.A. New Museums, Cambridge.
1884. lAdams, Frank Donovan. Geological Sdrvey, Ottawa, Canada.
1876. iAdams, James. 9 Royal-crescent West, Glasgow.

•Adams, John Couch, M.A., LL.D., D.Sc., F.R.S., F.R.A.S., Director
of the Observatory and Lowndean Professor of Astronomy and
Geometry in the University of Cambridge. The Observatory,
Cambridge.

1871. §Adams, John R. 3 Queen’s-^te-terrace, Loudon, S.W.
1879. *Adam8, Rev. Thomas, M.A., Principal of Bishop’s College, Lennox-

ville, Canada.
1877. t^-DAMS, William. 3 Sussex-terrace, Plymouth.
1869. •Adams, William Grylls, M.A., D.Sc., F.R.S., F.G.S., F.O.P.S., Pro-

fessor of Natural Philosophy and Astronomy in King’s College,
London. 43 Notting Hill-square, London, W.

1873. XAdams^Actony John. Marguita Housej 103 Marylebone-roadj
London^ N. W.

1887. tAdamson, Daniel. The Towers, Didsbury, Manchester.
1879. ^Adamson, Robert, M.A., LL.D., Professor of Logic and Political

Economy in Owens College, Manchester. 1 Derby-road,
Fallowfield, Manchester.

1887. §Adamson, Samuel A., F.G.S. 62 Wellclose-terrace, Leeds.
1866. •Adkins, Henry. Northfield, near Birmingham.
1883. §Ad8head, Samuel. School of Science, Macclesfield.

1884. lAgnew, Cornelius R. 266 Maddison-avenue, New York, U.S.A.
1887. jAgnew, William. Summer Hill, Pendleton, Manchester.
1884. ^Aildns, Dr. W. T. Jarvis-street, Toronto, Canada.
1864. *Ainsworth, David. The Flosh, Oleator, Oamforth.
1871. *Ainsworth, John Stirling. Harecroft, Cumberland.
1871. tAinsworth, William M. The E?osh, Oleator, Carnforth.

Airy, Sir George Biddell, K.O.B., M.A., LL.D., D.O.L., F.R.S.,
F.R.A.S. Thi White House, Croom’s Hill, Greenwich, S.E.

1871. §Aitken, John, F.R.S.E. Darroch, Falkirk, N.B.
Aitken, Thomas. Ashfield, Fallowfield, Manchester.
Akroyd, Edward. Bankfield, Halifax.

1884. *Alaba8ter, H. ^2 Paternoster-row, London, E.O.
1886. •Albright, G. S. The Elms, Edgbaston, Birmingham.
1862. tALCCWJK, Sir Ruthbrpord, K.O.B., D.O.L., F.R.G.S. The Athe-

naeum Club, Pall Mall, London, S.W.
1861. *Alcock, Thomas, M.D. Oakfield, Sale, Manchester.

•Aldam, William. Frickley Hall, near Doncaster.
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Year of
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1887. tAlexander, B. Femlea, Fallowfield, Manchester.1883.

^Alexander, George. Eildare-street Club, Dublin.
1888. •Alexander, Patrick Y. 8 Portland-place, Bath.
1873. ^Alexander, Reginald, M.D. 13 Hallfield-road, Bradford, Yorkshire.
1^58. JAlbxandbr, William, M.D. Halifax.

1^3. J Alger, Mias Ethel. The Manor House, Stoke Damerel, South
Devon.

1883. |Alger, W. H. The Manor House, Stoke Damerel, South Devon.
1883. tAlger, Mrs. W. H. The Manor House, Stoke Damerel, South

Devon.
1867. JAlison, George L. 0. Dundee.
1859. {Allan, Alexander. Scottish Central Railway, Perth.
1885. {Allan, David. West Cults, near Aberdeen.
1871. {Allan, G., M.Inst.C.E. 10 Austin Friars, London, E.C.
1871. {Allen,* Alfred H., F.C.S. 67 Surrey-street, Sheffield.

1887. •Allen, Arthur Ackland. Overbrook, Kersal, Manchester.
1879. •Allen, Repv. A. J. C. The College, Chester.

1887. *Allen, Charles Peter. Overbrook, Kersal, Manchester.
1888. §Allen, F. J. Mason College, Birmingham.
1884. §Allen, Rev. George. Shaw Vicarage, Oldham.
1887. §Allen, John. Kilgrimol School, St. Anne’s-on-the-Sea, via Preston.

1878. {Allen, John Ronully. 5 Albert-terrace, Regent’s Park, London,
N.W.

1861. Allen, Richard. Didsbury, near Manchester.
1887. •Allen, Russell. 2 Parkwood, Victoria Park, Manchester.

1863. tAUhusen, 0. Elswick Hall, Newcastle-on-Tyhe.

'J^LLMAN, Georoe J., M.D., LL.D., F.R.S. L. & E., M.R.I.A., F.L.S.,
Emeritus Professor of Natural History in the University of
Edinburgh. Ardmore, Parkstone, Dorset.

1887. •Allnutt, J. W. F., B.A. ’ 12 Chapel-row, Portsea, Hants.
1886. :|:Allport, Samuel. 60 Whitall-street, Birmingham.
1887. {Alward, G. L. 31 Harailton-street, Grimsby, Yorkshire.

1873. JAmbler, John. North Park-road, Bradford, Yorkshire.

1883. §Amecy, John ^arke. Druid House, Ashburton, Devon.
1883. §Amery, Peter Fabyan Sparke. Druid House, Ashburton, Devon.
1884. {Ami, Henry. Geological Survey, Ottawa, Canada.

1876. {Anderson, Alexander. 1 St. James’s-place, Hillhead, Glasgow.
. 1878. fAnderson, Bereeford, Saint 'Ville, KiUiney.

1888. §Anderson, Bruce. 39 Kempshott-road, Streatham, London, S.W.
1885. lAnderson, Charles Clinton. 4 Knaresborough-place, Cromwell-

road, London, S.W.
1860. JAnderson, Charles William. Cleadon, South Shields.

1883. {Anderson, Miss Constance. 17 Stonegate, York.
1886. •Anderson, Hugh Kerr, Frognal Park, Hampstead, ILiondon, N.W.
1874. tAnderson, John, J.P., F.G.S. Holywood, Belfast.

1869. {Anderson, Patrick. 16 King-street, Dundee.
1887. §Anderson, Professor R. J.,* M.D. Queen’s College, Galway.
1880. •Anderson, Tempest, M.D., B.Sc. 17 Stonegate, York.
1886. •Anderson, William, M.Inst.C.E. Lesney House, Erith, Kent.

1880. ^Andrew, Mrs. 126 Jamaicarstreet, Stepney, London, E.

1883. tAndrew, Thomas, F.G.S. 18 Southemnay, Exeter.

1880. •Andrews, Thornton, M.Inst.C.E, Cefn Eithen, Swansea.

1886. §Andrew8, William. Gosford Green, Coventry.

1883. §Anelay, Miss M. Mabel. Girton College, Cambridge.

1877. §Angbll, John, F.C.S. The Grammar School, Manchester.

1886. §Annan, John. Wolverhampton.
1886. :t;An8ell, Joseph. 38 Waterloo-street, Birmingham.
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1878. JAuboii, Frederick H. 9 Delahay-street, Westminster, S.W.
Anthony, John, M.D.- 6 Greenfield-crescent, Fdgbaston, Birming-

ham.
1868. XAppleby^ C. J. JEmerson-atreety Banksidcj Southwarky Londwiy S.JE,

1886. §Arbla8ter, Edmund, M.A. The Grammar School, Carlisle. c
1870. :};Archer, Francis. 14 Cook-street, Liverpool.
1874. Archer, William, F.R.S., M.R.I.A. 11 South Frederick-street,

Dublin.
‘

1884. *Archibald, E. Douglas. Grosvenor House, Tunbridge Wells
1861. JArgtll, His Grace the Duke of, K.G., K.T., D.C.L., F.R.S. L. & E.,

F.G.S. Argyll Lodge, Kensington, London,W. ;
and Inverary,

Argyleshire.

1884. §Arlidge, John Thomas, M.D., B.A. The High Grove, Stoke-upon-
Trent.

1883. §Armistead, Richard. 28 Chambres-road, Southport.
1883. *Armistead, William. 16 Rupert-street, Compton-road, Wolver-

hampton. ‘ •

1887. tA^rmitage, Benjamin. Chomlea, Pendleton, Manchester.
1861. JArmitage, William. 06 Portland-streetf Manchester.
1867. *Armit8tead, George. Errol Park, Errol, N.B.
1867. *AiiM8TR0itG, The Riglit Hon. Lord, C.B., LL.D., D.C.L., F.R.S,

Jesmond Dene, Newcastle-upon-Tyne.
1879. *Armstrong, Sir Alexander, K.C.B., M.D., LL.D., F.R.S., F.R.G.S.

The Albany, London, W.
1886. §Armstrong, George Frederick, M.A., F.R.S.E., F.G.S., Regius Pro-

fessor of Engineering in the University of Edinburgh. The
University, Edinburgh.

1873. §Aemstrong, Henry E., Ph.D., F.R.S., Sec.C.S., Professor of
Chemistry in the City and Guilds of London Institute Central
Institution, Exhibition-road, London, S.W. 66 Granville
Park, Lewisham, S.E.

1876. tArmstrong, James. Bay Ridge, Long Island, New York, U.S.A.
1884. ^Armstrong, Robert B. Junior Carlton Club, Pall Mall, London,

S.W.
Armstrong, Thomas. Higher Broughton, Manchester.

1870. j:Amott, Thomas Reid. BramshiR, Harlesden Green, London,
N,VV.

1863. ^Arthur, Rev. William, M.A. Clapham Common, London, S.W.
1886.

:f
Ascough, .Tesse. Patent Borax Company, Newmarket-street, Bir-

mingham.
1870. *A8h, Dr. T. Linnington. Holsworthy. North Devon.
1874. JAshe, Isaac, M.B. Dundrum, Co. Dublin.
1873. lAshton, John. Gorse Bank House, Windsor-road, Oldham.

Ashton, Thomas, J.P. Ford Bank, Didsbury, Manchester.
1887. j:Ashton, Thomas Gair, M.A. 36 Charlotte-street, Manchester.,
1866. jAshwell, Henry. Woodthorpe, J^ottingham.

*Ashworth, Edmund. Egerton Hall, Bolton-le-Moors.
1887. ^Ashworth, Mrs. Hairiet. Thome Bank, Heaton Moor, near Stock-

port.

Ashworth, Henry. Turton, near Bolton.

1888. §Ashworth, J. J. 35 Mosley-street, Manchester.
1887. §Ashworth, Johp', Wallwork. Thorne Bank, Heaton Moor, near

Stockport.

1887. lAspldlbd, Arthur P. Werneth Lodge, Gee Cross, near Manchester.
1876. *A8pland, W. Gaskell. Care of Manager, Union Bank, Chancery-

lane, London, W.C.
1861. §Asqurth, J. R. Infirmary-street, Leeds.
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Year of
Election.

1861. JAston, Theodore. 11 New-square, Lincoln’s Inn, London, W.C.
1872. *Atchison, Arthur T., M.A. (Secretary.) 22 Albemarle-street,

London, W.
1868. XAtherton j

Charles. SandoveTy Ide of Wight.
rl^65. *Atkinson, E1>m:und, Ph.D., F.C.S. Porteshery Hill, Camherley,

Surrey.

1884. JAtkinson, Edward. Brookline, Massachusetts, Boston, U.S.A.
1868. ^Atkinson, G. Cl^ton. "iX Windsor-terrace, Newcastle-on-Tyne.
1887. JAtkinson, Rev. G. C. Goresfield, Ashton-on-Mersey.
1861. JAtkinson, Rev. J. A. Longsight Rectory, near Manchester.
1868. *Atkinson, John Hastings. 12 East Parade, Leeds.
1881. JAtkinson, J. T. The Quay, Selby, Yorkshire.

1881. jAtkinson, Robert William. Town llall-buildings, Newcastle-on-
Tyne.

1863. *Attfieli), Professor J., M.A., Ph.D., F.R.S., F.G.S. 17 Bloomsbury-
• square, London, W.(^.

1881. tAuchinclfjss, W. S. 209 Church-street, Philadelphia, U.S.A.
1886. lAulton, A. D., M.D. Walsall.

1860. *Austin-Gourlay, Rev. William E. C., M.A. The Rectory, Stanton
St. John, near Oxford.

1866. *Avery, Tho^nas. Church-road, Edgbaston, Binningham.
1881. JAxoif, W. E. A. Fern Bank, Higher Broughton, Manchester.
1888. §Ayre, Rev. J. W., M.A. .30 Green-street, Grosvenor-square,

London, W.
1877. ^Ayrtor, W. E., F.R.S., Professor of Applied Physics in the City

and Guilds of London Institute. Central Institution, Exhibition-
road, London, S.W.

*Babington, Charles Cardale, M.A., F.R.S., F.L.S., F.G.S., Pro-
fessor of Botany in the Universit}’^ of Cambridge. 6 Brookside,
Cambridge.

1884. |Baby, The Hon. G. Montreal, Canada.
Backhouse, Edmund.' Darlington.

1863. ^Backhouse, T. W. West Hendon House, Sunderland.
1883. *Backliou8e, W. A. St. John’s Wolsingham. near Darlington.
1887. *Bacon, Thomas Walter. 4 Lvndhurst-road, Hampstead, London,

N.W.
1887. |Baddeley, John. 1 Charlotte-street, Manchester.
1881. fBaden-Powell, Sir George S., C.M.G., M.A., M.P.. F.R.A.S., F.S.S.

8 St. George’s-place, Hyde Park, London, S.W.
1877. IBadock, W. F. Badminton .tlouse, Clifton Park, Bristol.

188.3. jBagrual, P. H. St. Stephen’s Club, Westminster, S.W.
1883. jBaildon, Dr. 66 Manchester-road

,
Southport.

1883. *Bailey, Charles, F.L.S, Ashfield, College-road, Whalley Range,
Manchester.

1870. §Bailey, Dr. Francis J. 61 ,Grove-street, Livei*pool.

1887. *Bailey, G. H., D.Sc., Ph.D. Owens College, Manchester.
1878. JBailev, .John. The Laurels, Wittingtod, near Hereford.
1866. JBailey, Samuel, F.G.S. The Peck, Walsall.
1866. fBailey, William. Horseley Fields Chemical Works, Wolver-

hampton.
1887. itBailey, W. H. Summerfield, Eccles Old-r^jad, Manchester.
1866. fBaillon, Andrew. British Consulate, Brest.

1878. tBaily, Walter. 176 Haverstock-hill, London, N.W.
1886. JBain, Alexander, M.A., LL.D., Rector of the University of

Aberdeen. Ferryhill Lodge, Aberdeen.
1873. |Bain, Sir James. 3 Park-terrace, Glasgow.



10 LIST OF members'
Year of
Election.

1885. :|;BaiD, William N. Collingwood, Follockshiels, Glasgow.
*Bainbiidge, Robert Walton. 2 Stoke-villas, Exeter,
•Baines, Sir Edwakd, J.P. St. Ann^s Hill, Burley, Leeds.

1868. :|:Baines, T. Blackburn. * Mercury *
Office, Leeds.

1882. •Baker, Benjamin, M.Inst.O.E. 2 Queen * Square-place, Wei^
minster, S. W.

1866. ifBaker, Francis B. Sberwood-street, Nottingham.
1886. jBaker, Harry. 262 Plymouth-groVe, Manchester.
1861. *Baker, John. The Gables, Buxton.
1881. :J;Baker, Robert, M.D. The Retreat, York.
1865. IBaker, Robert L. Barham House, Leamington.
1863. jBaker, William. 6 Taptonville, Sheffield.

1875. *Baker, W. Mills. The Holmes, Stoke Bishop, Bristol.

1875. JBaker, W. Proctor. Brislington, Biistol.

1881. ^Baldwin, Rev. G. W. de Oourcy, M.A. Lord Mayor’s Walk,-
York.

1884. JBalete, Professor E. Polytechnic School, Montreal, Canada.
1871. fBalfour, G. W. Whittinghame, Prestonkirk, Scotland.

1875. IBalfovr, Isaac Batley, D.Sc., M.D.,<F.R.S.L. & E., Professor of
Botany in the University of Edinburgh. Inverleith House,
Edinburgh.

1883. JBalfour, Mrs. I. Bayley. Inverleith House, Edinburgh.
1878. *Ball, Charles Bent, M.D. 16 Lower Fitzwilliam-street, Dublin.
1835. *Ball, John, M.A., F.R.S., F.L.S., M.R.I.A. 10 Southwell-gardens,.

South Kensington, London, S.W.
1866. •Ball, Sir Robert Stawell, M.A., LL.D., F.R.S., F.R.A.S.,.

Andrews Professor of Astronomy in the University of Dublin,,
and Astronomer Royal for Ireland. The Observatory, Dunsink,
Co. Dublin.

1878. :|:Ball, Valentine, M.A., F.R.S., F.G.S., Director of the Museum
of Science and Art, Dublin.

1883. *Ball, W. W. Rouse, M.A. Trinity College, Cambridge.
1886. §Ballantyne, J. W., M.B. 60 Queen-street, Edinburgh.
1884. iBaUon, Dr. Naham. Sandwich, Illinois^ U.S.A.
1869. JBamber, Henry K., F.C.S. 5 Westminster-chambers, Victoria-

street, Westminster, S.W.
1882. :{:Bance, Major Edward. Limewood. The Avenue, Southampton.
1852. ^Bangor, Viscount. Castleward, Co. Down, Ireland.

1879. IT. French. Mount Vieu\ Glossop-roady Shejffield.

.

1870. JBanister, Rev. William, B.A. St. James’s Mount, Liverpool.
1884. jBannatyne, Hon. A. G. Winnipeg, Canada.
1884. i^Barbeau, E. J. Montreal, Canada.
1866. :j:Barber, John. Long-row, Nottingham.
1884. jBarber,Rev. S. F. West Raynfaum Rectory, SwafTham, Norfolk^
1861. •Barbour, George. Bolesworth Castle, Tattenhall, Chester.
1869. XBarbouVy George F. 11, Georg^-square^ Edinhurgh.
1866. ^Barclay, Andrew. Kilmarnock, Scotland.

1871. jBarclay, George. 1^ Coates-crescent, Edinburgh.
1852. *Barclay, J. Gurney. 64 Lombard-street, London, E.C.
1860. •Barclay, Robert. High Leigh, Hoddesden, Herts.
1876. •Barclay, Robert. 21 Park-terrace, Glasgow.
1887. •Barclay, Robert.^ Springfield, Kersal, Manchester.
1886. J:Barclay, Thomas. 17 Bull-street, Birmingham.
1868. •Barclay, W. L. 64 Lombard-street, London, E.C.

1881.

' ^:Barfoot, William, J.P. Whelford-place, Leicester.

1882. JBarford, J. G. Above Bar, Southampton.
1863, •Barford, James Gale, F.C.S. Wellington College, Wokingham^

Berkshire.
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1886. ^Barham, F. F. Bank of Eiigcland, Birmingliam.
1860. *Barker, Rev. Arthur Alcock, B.I). East Bridgford Rectory,

Nottingham.
1879. ^Barker, Elliott. 2 High-street, Sheffield.

1^82. *Barker, Miss J. M. Hexham House, Hexham.
1879. *Barker, Rev. Philip 0., M.A., LL.B. North Petherton, Bridg-

water.

1866. ^Barker, Stephen. 30 Fr6derick-street, Edgbaston, Birmingham.
1870. ^Barkly, Sir Henry, G.O.M.G., K.O.B., F.R.S., F.R.G.S. 1 Bina-

gardens^ South Kensington, London, S.W.
1886. ^Barling, Gilbert. 86 Edmund-street, Edgbaston, Birmingham.
1873. JBarlow, Crawford, B.A. 2 Old Palace-yard, Westminster, S.W.
1883. :j:Barlow, J. J. 37 Park-street, Southport.

1878. jBarlow, John, M.D./ Professor, of Physiology in Anderson’s Col-
lege, Glasgow.

1883. :fBarlow, John R. Greentliorne, near Bolton.
Barlow, Lieut.-Col. Maurice (14th Regt. of Foot). 6 Great George-

street, Dublin.
1886. :|:Barlow, William. Millfield, Muswell Hill, London, N.
1873. JBarlow, William Henry, F.R.S., M.Inst.C.E. 2 Old Palace-

yard, Westminster, S.W.
1861. ^Barnard, Major R. Cary, F.L.S. Bartlow, Leckhampton, Chelten-

ham.
1881. :|:Bamard, William, LL.B. Harlow, Essex.

1868. §Bames, Richard H. Heatherlands, Parkstone, Dorset.

1884. JBarnett, J. D. Port Hojpe, Ontario, Canada.
1886. IBarnsley, Charles H. 32 Duchess-road, Edgbaston, Birmingham.
1881. :J:Barr, Archibald, B.Sc., Professor of Civil and Mechanical Engineer-

ing in the Yorkshire College, Leeds.

1869. |Barr, Lieut,-General. Apsle^'toun, East Grinstead, Sussex.

1883. jBarrett, John Chalk. Errismore, Birkdale, Southport.

1883. JBarrett, Mrs. J. C. Errismore, Birkdale, Southport.

1860. JBarrett, T. B. 20 Victoria-terrace, Welshpool, Montgomery.
1872. ^Barrett, W. F., F.R.S.E., M.R.I.A., Professor of Physics in the

Royal College of Science, Dublin,

1883. JBarrett, William Scott. Winton Lodge, Crosby, near Liverpool.

1887. §Barrington, Miss Amy. Fassaroe, Bray, Co. Wicklow.
1874. ^Barrington, R. M,, M.A., LL.B., F.L.S. Fassaroe, Bray, Co.

Wicklow.
1874. *Barrington-Ward, Mark J., M.A., F.L.S., F.R.G.S., H.M. Inspector

of Schools. Thomeloe Lodge, Worcester.
1886. *Barron, Frederick Cadogan, M.Inst.C.E. Nerviou, Beckenham-

grove, Shortlands, Kent.
1881. §Barron, G. B., M.D. Summerseat, Southport.

1866. JBarron, William. Elvaston Nurseries, Borrowash, Derby.
1886. JBarrow, George William. Baldraud, Lancaster.

1887. §Barrow, John. Beechfield, Folly-lane, Swinton, Manchester.
1886. JBarrow, Richard Bradbury. Lawn Haase, 13 Ompton-road, Edg-

baston, Birmingham.
1886. JBarrows, Joseph. The Poplars, Yardley, near Birmingham.
1886. JBarrows, Joseph, jun. Ferndale, Harbome-road, Edgbaston, Bir-

mingham.

1862.

*Barry, CHARiiES. 1 6 Pembridge-square, Loudon, W.
1883. JBarry, Charles E. 16 Pembridge-square, London, W.
1876. JBarry, John Wolfe. 23 Delahay-street, Westminster, S.W.
1881. JBany, J. W. Duncombe-place, York.
1884. •Barstow, Miss Frances. Garrow Hill, near York.
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1868. ^Bartholomew, Charles. Castle Hill House, Ealinpr, Middlesex, W.
1868. *Bartholomew, William Hamoiid. RidgewayHouse,Oumberland-road,

Headingley, Leeds.
1884. :|:Bartlett, James Herbert. 148 Mansfield-street, Montreal, Canada.
1873. ^Bartley, George C. T., M.P. St. Margaret’s House, Victoria-stre^,
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1877. JClarke, Professor John W. University of Olucago, Dlinois, U.S.A.
1861. f

C

larke, Joshua, F.L.S. Fairycroft, Saffron Wmden.
Clarke, Thomas, M.A. Knedlington Manor, Howden, Yorkshire.

1883. JClarke, W. P., J.P. 16 Hesketh-street, Southport.
1884. JClaxton, T. James. 461 St. Urb«,in-street, Montreal, Canada.
1861. jClay, Charles, M.D. 101 Piccadilly, Manchester.

•Olay, Joseph Travisf F.G.S. Rastrick, near Brighouse, Yorkshire.

1866. JClayden, P. W. 13 Tavistock-square, London, W.O.
1860. ICiiEOHORN, Hugh, M.D., F.L.S. Stravithie, St. Andrews, Scot-

land.
1869. JCleghom, John.*' Wick.
1876. iClegram, T. W. B. Saul Lodge, near Stonehouse, Gloucestershire.

1861. §Cleland, John, M.D., D.Sc., F.R.S., Professor of Anatomy in the
University of Glasgow. 2 College, Glasgow.

1873. tOliff, John, F.G.S. Nesbit Hall, Fulneck, Leeds.
1886. :J:Clifford, Arthur. Beechcroft, Edgbaston, Birmingham.
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1883. XClifty FrederiCf LL.D» Norwood^ Surrey.
1888. §Oi(iPTON, The Right Rev. the Bishop of, D.D. Bishop’s House,

Clifton, Bristol.

1861. *0iJETON, R. Bellamy, M.A., F.R.S., F.R.A.S., Professor of Ex^^ri-
^ mental Philosophy in the University of Oxford. Portland

Lodge, Park Town, Oxford.
Olonhrock, Lord Robert. Olonhrock, Galway.

1878. §Close, Rev. Maxwell II., F.Q.S. 40 Lower ^ggot-street, Dublin.
1873. JClough, John. Bracken Bank, Keighley, Yorkshire.
1883. *Olowe8, Frank, D.Sc., F.C.S., Professor of Chemistry in Univer-

sity College, Nottingham. University College, Nottingham.
1863. *01utterbuck, Thomas. Warkwortb, Acklington.
1881. •Clutton, William James. The Mount, York.
1885. §Clyne James. Rubisfaw Den South, Aberdeen.
1868. JCoaks, J. B. Thorpe, Norwich.
1855. ’’Coats, Sir Peter. Woodside, Paisley.

Cobb, EdVard. Falkland House, St. Ann’s, Lewes.
1884. §Cobb, John. 29 Clarendon-road, Leeds.
1864. *Cochrane, James Henry. Elm Lodge, Prestbury, Cheltenham.
1884. *Cockburn-Hood, J. J. Walton Hall, Kelso, N.B.
1883. ICockshott, .T. J. 24 Queen’s-road, Southport.

1861. •Coe, Rev. Charles C., F.R.G.S. Fairfield, Heaton, Bolton.

1881. *OoPFiN, Walter Harris, F.C.S. 94 CornwaU-gardens, South
Kensington, London, S.W.

1865. tCoghill, H. Newcastle-under-Lyme.
1884. •Cohen, B. L.. 30 Hyde Park-gardens, liondon, W.
1887. §Oohen, Julius B. Hawkesmoor, Wilbraham-road, Fallowfield,

Manchester.
1887. JCohen, Sigismund. Ill Portland-street, Manchester.

1876. X Colbournf E. liushton. 6 Marclimont-terracej MiUhead, Glasgoio.

1853. tColchester, William, F.G.S. Springfield House, Ipswich.

1868. JColchester, W. P. Bassingbourn, Royston.

1879. JCole, Skelton. 387 Glossop-road, Sheffield.

1876. lOolebrooke, Sir T. E., Bart., F.R.G.S. 14 South-street, Park-lane,

London, W.; and Abington House, Abington, N.B.
1860. JCoLEMAN, J. J., F.C.S. Ardarrode, Bearsden, near Glasgow.
1878. JOoles, John, Cuyator of the Map Collection R.G.S. 1 Savile-row,

London, W.
1854. •Oolfox, William, B.A. Westmead, Bridport, Dorsetshire.

1867. JColles, William, M.D. 21 Stephen’s-green, Dublin.

1887. iOollie, Norman. University College, Gower-street, London, W.O.
1887. ICollier, Thoma's. Ashfield, Alderley Edge, Manchester.

1869. fCollier, W. F. Woodtown, Horrabrid^, South Devon.
1854. CuTHBERT, M.A., M.B., F.L.S, 2 Gipsy Hill-

villas, Upper Norwood, Surrey, S.E.
1861. •OoUingwood, J. Frederick, F.G.S. 06 Great Portland-street,

London, W.
1865. •Collins, James Tertius. Ohurchfield, Elgbaston, Hrmingham.
1876. ^Collins, J. H., F.G.S. 64 Bickerton-road, London, N.
1876. JCollins, Sir William. 3 Park-terrace East, Glasgow.
1884. fCoUins, William J., M.D.« B.Sc. Albert-terrace, Regent’s Park,

London, N.W.
1883. tCo/Zts W, Elliott S Zincoln^a-Inn^eld/t, London, W.C.
1868. •CoLMAN, J. J., M.P. Carrow House, Norwich ;

and 108 Cannon-
street, London, E.C.

1882. i^Oolmer, Joseph G., O.M.G. Office of the High Commissioner for

Canada, 9 Victoria-chambers, London. S.W.
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^Oolomb, Oapt. J. C. R., M.P., F.R.G.S. Dromquinna, Kenmare,
Kerry, Ireland; and Junior United Service Club, London, S.W.

1870. JColtart, Robert. Aigburth-drive, Sefton Park, Liverpool.

1888. §Commans, R. D. Macaulay-buildings, Bath.

.

1884. fCommon, A. *A., F.R.S., F.R.A.S. 63 Eaton-rise, Ealing, Middie-
sex, W.

1884. §Conklin, Dr. William A. Central,Park, New York, U.S.A.
1852. JOonnal, Sir Michael. 16 Lynedock-terrace, Glasgow.
1871. *Connor, Charles C. Netting Hill House, Belfast.

1881. ICoNROY, Sir John, Bart. Arborfield, Reading, Berks.
1876. iCook, James. 162 North-street, Glasgow.
1882. |CooKE, Major-General A. C., R.E., C.B., F.R.G.S., Director-General

of the Ordnance Survey. Southampton.
1876. *OooEB, Conrad W. 2 Victoria-mansions, Victoria-street, London,

S.W.
1881. JCooke, F. Bishophill, York.

^

1868. fCooke, Rev, George H. Wanstead Vicarage, near Norwich.
Cooke, J. B. Cavendish-road, Birkenhead.

1868. JCdOKE, M. C., M.A. 2 Grosvenor-villas. Upper Holloway, London, N.
1884. iCooke, R. P. Brockville, Ontario, Canada.
1878. |Cooke, Samuel, M.A., F.G.S. Poona, Bombay.
1881. JCooke, Thomas. Bishophill, York.
1859, *Cooke, His Honour Judge, M.A., F.S.A. 42 Wimpole-street,

London, W.
;
and Rainthorpe Hall, Long Stratton.

1883. §Cooke-Taylor, R. Whateley. Frenchwood Ilouse, Preston,
1883. JCooke-Taylor, Mrs. Frenchwood House, Preston.
1865. jCooksey, Joseph. West Bromv^ich, Birmingham.
1888. §Cooley, George Parkin. (Cavendish Hill, Sherwood, Nottingham.
1883. ifCoomer, John. Willaston, near Nantwich.
1884. JCoon, John S. 604 Main-street, Cambridge Pt., Massachusetts,

U.S.A.
1883. JCooper, George B. 67 Great Russell-street, London, W.C.
1850. JCooPER, Sir Henry, M.D. 7 Charlotte-street, Hull.
1838. Cooper, James. 58 Pembridge-villas, Bayswater, London, W.
1884. ICooper, Mrs. M. A. West Tower, Marple, ChesMre.
1868. J Coopen'^ W. J, The Old PatacCf Itichmondf Surrey,
1846. JCooper, William White, F.R.C.S. 19 Berlieley-square, London,W#
1884. :J:Cope, E. D. Philadelphia, U.S.A,
1878. JCope, Rev. S. W. Bramley, Leeds.
1871. iCopeland, Ralph, Ph.D., F.R.A.S., Astronomer Royal for Scotland

and Professor of Astronomy in the University of Edinburgh.
1885. JCopland, W., M.A. Tortorston, Peterhead, N.B.
1881. jCopperthwaite, H. Holgate Villa, Holgate-lane, York,
1863. jCoppin, John. North Shields.

1842. Corbett, Edward. Grange-avenue, Levenshulme, Manchester.
1887. *Corcoran, Bryan. 31 Mark-lanei^ London, E.C.
1881. §Cordeaux, John. Great Cotes, Ulceby, Lincolnshire.
1883. •Core, Thomas H. Pallowfield, Manchester.
1870. •COBFIELD, W. H., M.A., M.D., F.tJ.S., F.G.S., Professor of Hygiene

and Public Health in University College. 19 Savile-row,
London, W. '

1884. *Comwallis, F. S* W. Linton Park, Maidstone.
1885. JOorry, John. Rosenheim, Parkbill-road, Croydon.
1888. §0orsep. Rev. Richard K. 12 Beaufort-buildings East, Bath.
1888. ICossbam, Handel, M.P., F.G.S. Weston Park, Bath.
1886. JCossins, Jethro A. Warwick-chambers, Corporation-street, Bir-

mingham.
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1883. jOostelloe, B, F. C., M.A., B.Sc. 83 Chancery-lane, London, W.C.
Cottam, George. 2 Winsley-street, London, W.

1867. tCottam, Samuel. King-street, Manchester.
1874. *OoTTERiLL, J. II., M.A., F.R.S., Professor of Applied Mechanics.

Royal Naval College, Greenwich, S.E.
1864. ijOoTTON, General Frederick C., R.E., C.S.I. 13 Longridge-road,

^ Earls Court-road, London, S.W.
:CoTi’ON, William. Pennsylvania, Exeter.
;Cottrill, Gilbert I. Shepton Mallett, Somerset.
:Couper, James. City Glass Works, Glasgow.
iCouper, James, jun. City Glass Works, Glasgow.
Oourtauld, John M. Booking Bridge, Braintree, Essex.
;Cowan, Charles. 38 West Register-street, Edinburgh.
Cowan, John. Valleyfield, Pennycuick, Edinburgh.

1863. t^Jowan, John A. Blaydon Burn, Durham.
1863. fOowan, Joseph, jun. Blaydon, Durham.
1876. JCowan, tf. B., M.D. 4 Eglinton-crescent, Edinburgh.
1872. •Cowan, Thomas William, F.G.S. Comptons Lea, Horsham.
1886. §Cowen, Mrs. G. R.® 9 The Ropewalk, Nottingham.

Cowie, The Very Rev. Benjamin Morgan, M.A., D.D., Dean of

Exeter. The Deanery, Exeter.
1871.. ^:Cowper, C. E. 6 Great George-street, Westminster, S.W.
1860. JCowper, Edward Alfred, M.lnst.C.E. 6 Great George-street,

Westminster, S.W.
1867. *Cox, Edward. Lyndhurst, Dundee.
1867. *Cox, George Addison. Beechwood, Dundee.
1882. JCox, Thomas A., District Engineer of the S., P., and D, Railway.

Lahore, Punjab. Care of Messrs. Grindlay & Co., Parliament-
street, London, S.W.

1867. *Cox, Thomas Hunter. Duncarse, Dundee.
1888. §Cox, Thomas W. B. The Chesnuts, Lansdown, Bath.

1867. fCox, William. Foggley, Lochee, by Dundee.
1883. §Crabtree, William, M.lnst.C.E. Manchester-road, Southport.

1884. §Craiqie, Major P. G., F.S.S. 6 Lyndhurst-road, Hampstead,
London, N. W.

1876. fCramb, John. Larch Villa, Helensburgh, N,B.
18^. jCmnage, Edward, Ph.D. The Old Hall, Wellington, Shropshire.

1884.

jCrathern, James. Sherbrooke-street, Montreal, Canada.
1887. §Craven, John. Smedley Lodge, Cheetham, Manchester.
1887. *Craven, Thomas, J.P. Merlewood, Chorlton-cum-Hardy, Manchester.

1876. t Crawford, Chalmond. JRidemon, Crosscar,

1871. *Crawford, William Caldwell, M.A. 1 Lockharton-gardens, Slate-

ford, Edinburgh.
1871. •Crawford and Balcarres, The Right Hon. the Earl of, LL.D.,

F.R.S., F.R.A.S. The Observatory, Dun Echt, Aberdeen.
1883. •Crawshaw, Edward. 26 Tollin^ton-park, London, N.
1870. •Crawshay, Mrs.- Robert. Cathedine, Bwlch, Breconshire.

1886. §0reak, StalF Commander E.' W., R.I^,, F.R.S. Richmond Lodge,
Blackheath, London, S.E. -

1879. tCreswick, Nathaniel. Chantry Grange, near Sheffield.

1888. §brew, E. G. 20 Redland-park, Clifton, Bristol.

1876. •Orewdson, Rev. Goorge. St. George’s Vicerage, Kendal.

1887. •Crewdson, Theodore. Norcliffe Hall, Styai, Cheshire.

1880. •Crisp, Frank, B.A., LL.B., F.L.S. 6 Lansdowne-road, Netting Hill,

London, W.
1878. tOroke, John GByrne, M.A. 32 Plevna-terrace, St. Mary’s-road,

Dublin.

1869.
1879.
1876.
1876.
1874.
1834.
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1869. XOroUj A. A. 10 Coleman^street, London, E.C,
1867. JOroUy, Rev. George. Maynooth College, Ireland.
1886.

JCrombie, Charles W. 41 Garden-place, Aberdeen.
1886. JCrombie, John. Balgownie Lodge, Aberdeen.
1886. JCrombie, John, jun. Daveston, Al^rdeen.
1886. ICbombie, J. W., M.A. Balgownie Lodge, Aberdeen.
1886. fCrombie, Theodore. 18 Albyn-place, Aberdeen.
1887. ^Crompton, A. 1 St. James’s-square, Manchester.
1886. JCrompton, Dickinson W. 40 Harborne-road, Edgbaston, Bir-

mingham.
1887. §Crook, Henry T. 9 Albert-square, Manchester.
1870. fCrookes, Joseph. IMarlborough House, Brook Green, Hammersmith,

London, W.
1866. §Cbooees, William, F.R.S., F.C.S. ^7 Kensington Park-gardens,

London, W.
1879. ICrookes, Mrs. 7 Kensington Park-gardens, London, W.
1866. *Cropper, Rev. John. 8 The Polygon, Eccles, near Manchester.
1870. JOrosneld, C. J. Holmfield, Aigburth, Liverpool.
1870. ^Crosfield, William. Annesley, Aigburttt-j Liverpool.

1887. §Cros8, John. Beancliffe, Alderley Edge, Cheshire.*
1861

.
5^Cross, Rev. John Edward, M.A. Appleby Vicarage, near Brigg.

1883. :(Cross, Rev. Prebendary, LL.B. Part-street, Southport.
1868. JCrosse, Thomas William. St. Giles’s-street, Norwich.
1886. JCrosskey, Cecil. 117 Gough-road, Birmingham.
1867. §Cro88kbt, Rev. H. W., LL.D., F.G.S. 117 Gough-road, Birmingham.
1863. JCrosskill, William, l^verley, Yorkshire.
1870. *Cros8ley, Edward, M.R., F.R.A.S. Bemerside, Halifax.
1871. tCrossley, Herbert. Ferney Green, Bowness, Ambleside.
1866. *Crossley, Louis J., F.R.M.S. Moorside Observatory, near Halifax.
1887. *Crossley, William J. Glenfield, Bowdon, Cheshire.
1883. §Crowder, Robert. Stanwix, Carlisle.

1882. §Crowley, Frederick. Ashdell, Alton, Hampshire.
1861. tCrowley, Henry. Trafalgar-road, BirkdaleTark, Southport.
1883. iCrowther, Elon. Cambridge-road, Huddersfield.
1863. tCruddas, George. Elswick Engine Works, Newcastle-on-Tyne.
1886. jCruickshank, Alexander, LL.D. 20 Rose-street, Aberdeen,
1869. tCruickshank, Provost. Macduff, Scotland.
1888. §Crummack, William J. London and Brazilian Bank, Rio de Janeiro,

Brazil.

1873. ICrust, Walter. Hall-street, Spalding.
1883. *Cryer, Major J. H. The Grove, Manchester-road, Southport.

Culley, Robert. Bank of Ireland, Dublin.
1883. •Culverwell, Edward P. 40 Trinity CoUege, Dublin.
1878. JCulverwell, Joseph Pope. St. Lawrence Lodge, Sutton, Dublin.
1883. jCulverwell, T. J. H. Litfield House, Clifton, Bristol.

1869. iCumming, Sir A. P. Gordon, Barf. Altyre.
1874. Cummin^ Professor. 33 Wellington-place, Belfast.

1861. ^CunlifiTe, Edward Thomas. The Parsonage, Handforth, Manchester.
1861. *Ounliffe, Peter Gibson. Dunedin, Handforth, Manchester.
1882. ^Cunningham, Lieut.-Colonel Allan,'R.E.,*A.I.0.E. Brompton Bar-

racks, Chatham.
1887. §Cunningham, Dayid. Viewbank, Newport, life, Scotland.
1877. •CuKHiNGHAM, D. J., M.D., Professor of Anatomy in Trinity College,

Dublin.
1862. tCunningham, John. Macedon, near Belfast.

1886^ iCuNNiNOHAM, J. T., B.A., F.R.S.E, Scottish Marine Station,

Granton, Edinburgh.
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1869. JCttnningham, Robert O., M.D., F.L.S., Professor of Natural His-
tory in Queen’s College, Belfast.

1883.

*Ounningnam, Rev. William, B.D., D.Sc. Trinity College, Cambridge.
1860. ^Cunningham, Rev. William Bruce. Prestoimans, Scotland.
1886. ifCurphey, William S. 268 Renfrew-street, (ilasgow.
iS^. JCurrier, John McNab. Castleton, Vermont, U.S.A.
1867. ^Cursetwef Marwckjee^ F.JR,Q.S»y Judge of Bombay, Villa'-Byculla,

,Bombay. •

Curtis, Arthur Hill, LL.D. 1 Hume-street, Dublin.
Curtis, William. Caramore, Sutton, Co. Dublin.
[Cushing, Frank Hamilton. Washington, U.S.A.
[Cushing, Mrs. M. Croydon, Surrey.
[Cushing, Thomas, F.R.A.S. India Store Dep6t, Belvedere-road,

Lambeth, London, S.W.

1864. 4^Dagli8h, Robert, M.Inst.C.E. Orrell Cottage, near Wigan.
1883. JDahne, ^ W., Consul of tjie German Empire. 18 Somerset-place,

Swansea.
1887. JDale, Henry F., F.Jg[,.M.S., F.Z.S. Sutgrove, Miserden, Gloucester-

sllilTO*

1863. JDale, J. B. South Shields.

1866. |Dale, Rev. R. W* 12 Calthorpe-street, Birmingham.
1867. Dundee.*

1870. JDallinger, Rev. W. H., LL.D., F.R.S., F.L.S. Ingleside, New-
stead-road, Lee, London, S.E. ^

Dalmahoy, James, F,R.S.E. 9 Forres-street, Edinburgh.
Dalton, Edward, LL.D., F.S.A. Dunkirk House, Nailsworth.
•Dalton, Rev. J. E., B.D. Seagrave, Loughborough.

1862. IDanbt, T. W., M.A., F.G.S. 1 Westbourne-terrace-road, Lon-
don, W.

1869. ^Dancer, J. B., F.R.A.S. Old Manor House, Ardwick, Manchester.
1876. ^Dansken, John. 4 Eldon-terrace, Partickhill, Glasgow.
1849. *Danson, Jose^, F.C.S. Montreal, Canada.
1861. *Darbishirb, Robert Dukinfibli), B.A., F.G.S. 26 George-street,

IVfftTi ft fty

.

[Darbishire, S. D., M.D. 60 High-street, Oxford.
[Darling, G. Erskine. 247 West George-street, Glasgow.
[Darling, Thomas. 99 Drummond-street, Montreal, Canada.
[Darwin, Francis, M.A., M.B., F.R.S., F.L.S. Huntingdon-road,

Cambridge.
1881. •Darwin, George Howard, M.A., LL.D., F.R.S., F.R.A.S., Plumian

Professor of Astronomy and Experimental Philoscmhy in the
University of Cambridge. Newnham Grange, Camm*idge.

1878. •Darwin, Horace. The Orchard, Huntingdon-road, Cambridge.
1882. [(Darwin, W. E.j F.G.S. Bassett, Southampton.
1888. §Daubeny, William M. Stratton House, Park-lane, Bath.
1878. XB^Aulmay, G. 22 Uppefl^eson’-street, Dublin.

1872. jDavenport, John T. 64 Marine Parad^ Brighton.

1880. §Davby, BtcNRY, M.Inst.C.E. 3 PrinceB-street, Westminster, S.W.
1884. {David, A. J., B.A., LL.B. 4 Harcourt-buildings, Temple, Lon-

don, E.O.

1870. IDavidson, Alexander, M.D. 2 Gambler-terrace, Liverpool.

1885. ([Davidson, Charles B. Roundhay, Fonthil^ruad, Aberdeen.
1875. {Davies, David. 2 Queen’s-square, Bristol.

1870. {Davies, Edward, F.G.S. Royal Institution, Liverpool.

1887. •Davies, H. Rees. Treborth, Bangor, North Wales.
1842. Davies-OoUey, Dr. Thomas. Newton, near Chester.

1883.
1876.
1884.
1882.

1867.
1878.
1884.
1883.
1881.
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1887. ^iDavies-Colley, T. 0. Ilopedene, Kersal, Manchester.
1878. *Davis, Alfred. Parliament Mansions, London, S.W.
1870. *Davi8, A. S. 6 Paragon-buildings, Cheltenham.
1864. JDavis, Charles E., F.S.A. 65 Pulteney-street, Bath.
1887. §Davis, David. 65 ^rkley-street, Liverpool. .

Davis, Rev. David, B.A. Lancaster.

1881. JDavis, George E. The Willows, Fallowfield, Manchester.
1882. §Davis, Henry C. Berry Pomeroy, Springfield-road, Brighton.
1873. *Davi8, James W., F.G.S., F.S.A. Chevinedge, near Halifax.
1866. *Davis, Sir John Francis, Bart., K.C.B., F.R.S., F.R.G.S. Holly-

wood, near Compton, Bristol.

1883. JDavis, Joseph, J.P. Park-road, Southport.

1883. JDavis, Robert Frederick, M.A. Earlsfield, Wandsworth Common,
London, S.W.

1886. *Davi8, Rudolf. Castle Howell School, Lancaster.
1886. :J;Davis, W. H. HazCldean, Pershore-road, Birmingham.
1886. ^Davison, Charles, M.A. 88 Oharl,j5tte-road, Birmingham.
1864. *Pavi8on, Richard. Beverley-road, Great Driffield, Yorkshire.
1867. JDavy, Edmitnd W., M.D. Kimmage ,Lodge, Roundtownj near

Dublin.
1869. JDaw, John. Mount Radford, Exeter.

1869. JDaw, R. M. Bedford-circus, Exeter.
1860. *Dawes, John T., F.G.S. Blaen-y-Roe, St. A.saph, North Wales,
1864. JDawkins, W. Boyd, M.A., F.R.S., F.G.S., F.S.A., Professor of

Geology and Palaeontology in the Victoria University, Owens
College, Manchester. Woodhurst, Fallowfield, Manchester.

1886. tDawson, Bernard. The Laurels, Malvern Link. »

1885. *Dawson, Major H. P., R.A. 3 Charlton Park-terrace, Old Charlton,
Kent.

Daioson, John. Barley House, Exeter.

1884. IDawsoii, Samuel. 268 University-street, Montreal, Canada.
1855. §Daw80n, Sir William, C.M.G., M.A., LL.D., F.R.S., F.G.S.,

Principal of McGill University. McGill University, Montreal,
Canada.

1869. *Dawson, Captain William G. Plumstead Common, Kent.
1879. tDay, Francis. Kenilworth House, Cheltenham.
1871. JDat, St. John Vincent, M.Inst.C.E., F.R.S.E. 166 Buchanau-

street, Glasgow.
1870. *Deacon, G. F., M.Inst.C.E. Municipal Offices, Liverpool.

1861. JDeacon, Henry. Appleton House, near Warrington.
1887, §Deakin, H. T. Egremont House, Belmont, near Bolton.

1861. jDean, Henry. Colne, Lancashire.

1870. *Deane, Rev. George, B.A., D.Sc., F.G.S. 38 Wellington-road,
Birmingham.

1884. '•Debenham, Frank, F.S.S. 26 Upper Hamilton-terrace, London,
N.W.

1866. JDebus, Heinrich, Ph.D., F.R.S';, F.C.S., Lectui*er on Chemistry
at Guy’s Hospital, London, S.E.

1884. §Deck, Arthur, F.C.S."' 9 King’s-parade, Cambridge.
1887. §Dehn, R. Olga Villa, Victoria Park, Manchester.
1878. JDelany, Rev. William, St. Stanislaus College, Tullamore.
1864. *Db La RmR, Warren, M.A., D.C.L., Ph.D., F.R.S., F.C.S.,

F.R.A.S. 7^3 Portland-place, London, W.
1879. :J:De la Sala, Colonel. Sevilla House, Navarino-road, London, N.W,
1884. *De Laune, C. DeL. F. Sharsted Court, Sittingbourne.

1887. tPe Meschin, Miss Hannah Constance. Sandycove Castle, Kings-
town, Ireland.

'
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1870. JDe Meschin, Thomas^ B.A.^ LL.D. Sandycove Oastle^ EiDgstowD,
Ireland.

1873. ^Denham, Thomas. Huddersfield.

1884. IDenman, Thomas W. Lamb’s-buildings, Temple, London, E.C.
Dent, William Yerbury. Royal Arsenal, Woolwich.

ISfi^O. *Dentor^, J. Bailey. Orchard Court, Stevenage.

1874. §De Range, Ohakles E., F.G.S. 28 Jermyn-street, London, S.W.
1866. *Derby, The Right Hon. ^th^ Earl of, K.G., M.A., LL.D.,F.R.S.,

F.R.G.S. 23 St. James’s-square, London, S.W.
;
and Knowsley,

near Liverpool.

1874. *Derham, Walter, M.A., LL.M., F.G.S. 119 Lansdowne-road, Ken-
sington Park, London, W.

1878. JDe Rinzy, James Ilarward. Kholat Survey, Sukkur, India.

1868. JDess^, Etheldred, M.B., F.R.C.S. 43 Kensington Gardens-square,
Bayswater, London, W.

Db Tablet, George, Lord, F.Z.S. Tabley House, Knutsford,
, Cheshire. •

*DEVONSHftiE, His Grace thb Duke of, K.G., M.A., LL.D., F.R.S.,
F.G.S., F.R.G.S., Chancellor of the University of Cambridge.
Devonshire Ilbhse, Piccadilly, London, W. ; and Chatsworth,
Derbyshire.

1868. JDewar, Ja^es, M.A., F.R.S. L. & E., F.C.S., Fullerian Professor of
Chemistry in the Royal Institution, London, and Jacksonian
Professor of Natural Experimental Philosophy in the University
of Cambridge. 1 Scroope-terrace, Cambridge.

1881. ^;Dewar, Mrs. 1 Scroope-terrace, Cambridge.
1883. tDewar, James, M.D., F.R.C.S.E. Drylaw House, Davidson’s Mains,

• Midlothian, N.B.
1884. •Dewar, William. 6 Montpellier-grove, Cheltenham.
1872. JDewick, Rev. E. S., M.A., F.G.S. 26 Oxford-square, London, W.
1884. tDe Wolf, O. C., M.T). Chicago, U.S.A.
1873. *Dew-Smith, A. G., M.A. Trinity College, Cambridge.
1864. *Dickinson, F.H., F.G.S. Kingweston, Somerton, Taunton

;
and 121

/ St. George’s-square, London, S.W.
, 1863. ^Dickinson, G. T, Claremont-place, Newcastle-on-Tyne.
1887. :|;Dickinson, Joseph, F.G.S. South Bank, Pendleton.

1884. jDickson, Charles R., M.D. Wolfe Island, Ontario, Canada.
1881. jDickson, Edmund. West Cliff, Preston.

1887. §Dickson, H. N. 38 York-place, Edinburgh.
1886. IDickson, Patrick. Laurencekirk, Aberdeen.
1883. ^Dickson, T. A. W’^est Cliff, Preston.

1862. •Dilkb, The Right Hon. Sir Charles Wentworth, Bart., F.R.G.S.
76 Sloane-street, London, S.W.

1877. tDillon, James, M.Inst.C.E. 36 Da^on-street, Dublin.
1848. iDiLLWTN, Lewis Llewelyn, M.P., F.L.S., F.G.S. Parkweme,

near Swansea.
1869. JDingle, Edward. 19 King^treet, Tavistock.

1876. IDitchfield^ Arthur. 12 TaViton-street, Gordon-square, London,
w.o.

1868. JDittmar, \yilliam, LL.D., F.R.S. L. & E., F.O.S., Professor of
Chemistry in Anderson’s College, Glasgow.

1884* §Dix, John William H. Bristol.

1874. *Dixon, A. E. Dunowen, Cliftonville, Belfact.

1883. |Dixon, Miss E. 2 Cliff-terrace^ Kendal.
1^8. $Dixon, Edward. Wilton House, Southampton.
1888. |Dixon, E. T. Messrs. Llovds, Barnetts, & Bosanquet’s Bank, 64

St. James s-street, London, S.W.
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1886. |Dixon, George. 42 Augustus-road, Edgbaston, Birxningliam.

1879. *Dixon, Harold B., M.A., F.R.S., F.O.S., Professor of Ghemistry in

the Owens College, Manchester.
1886. tDixon, John Henry. Inveran, Poolewe, Ross-shire, N.B.
1887. jDixon, Thomas. Buttershaw, near Bradford, .Yorkshire.

1886. JOoak, Rev. A. 16 QueenVroad, Aberdeen.

1886. § Dobbin, Leonard. The University, Edinburgh.
1860. *Dobb8, Archibald Edward, M.A. 34 Westbourne Park, London, W.
1878. *Dobson, Q. E., M.A., M.B.,F.R.S.,F.L.S. Adrigole, Spring Grove,

Isleworth.

1864. •Dobson, William. Oakwood, Bathwick Hill, Bath.

1876.

*Docwra, George, jun. 32 Union-street, Coventry.
1870. *Dodd, John. Nunthorpe-avenue, York.
1876. IDodds, J. M. . St. Peter’s College, Capabridge.

Dolfdiin, John. Delves House, Berry Edge, near Gateshead.
1861. XDomvile, William C., F.Z.S, Thorn Hilly Bray^ Dublin.

1867. JDon, John. The Lodge, Brougl^ty Ferry, by Dund^ee.

1867. tDon, William G. St. Margaret’s, Broughty Ferry) by Dundee.
1887. •Donald, Provost Robert. City Ohamb^s, Dunfermline, Scotland.

1886. JDonaldson, James, M.A., LL.D., F.II.S.E., Senior Principal of
the University of St. Andrews, N.B.

1882. Donaldson, John. Tower House, Chiswick, Middlesex.
1869. jDonisthorpe, G. T. St. David’s Hill, Exeter.

1877. *Donkin, Bryan, jun. May’s Hill, Shortlands, Kent.
1874. tUonnell, Professor, M.A. 76 Stephen’s^reen South, Dublin.

1861. ^Donnelly, Colonel, R.E., C.B. South Kensington Museum, Lon-
don, S.W. ^

1887. tDonner, Edward, B. A. 4 Anson-road, Victoria Park, Manchester.

1887. ^Doming, Elias, M.Inst.C.E., F.G.S, 41 John Dalton-street, Man-
chester.

1881. j:Dorrington, John Edward. Lypiatt Park, Stroud.

1867. :|:Dougall, Andrew Maitland, R.I^. Scotscraig, Tayport, Fifeshire.

1871. tDougall, John, M.D. . 2 Cecil-^lace, Paisl^-road, Glasgow.
1863. •Doughty, Charles Montagu. Uare of H. M. Doughty, Esq., 6 Stone-

court, Lincoln’s Inn, London, W.C.
1876. *Douglas, liev. G. O. M. 18 Royal-crescent West, Glasgow.
1877. *Douglass, Sir James N., F,R.S., M.Inst.C.E. Trinity House, Lon-

don, E.C.
1878. j;Douglass, William. 104 Baggot-etreet, Dublin.

1884. tBouglass, William Alexander. Freehold Loan and Savings Com-
pany, Church-street, Toronto, Canada.

1886. jDovaston, John. West Felton, Shropshire.

1883. jDove, Arthur. Crown Cottage, York.
1884. jDove, Miss Frances. StT Leonard’s, St. Andrews, N.B.
1884. jDove, P. Edward, F.R.A.S., Sec.R.Hist.Soc. 23 Old-buildings,

Lincoln’s Inn, London, W.C.
1884. ^Bowe, John Melnotte. 69 Sevetth-avenue, New York, U.S.A.
1870. jDowie, J. Muir. Gollanol, by Kinross, N.B.
1876. jDowie, Mrs. Muir. ^'Gollanol, by Kinross, N.B.
1884. •Dowling, D. J. Bromley, Kent.

1878.

tDowling, Thomas. Claireville House, Terenure, Dublin.

1867. tDowiTiNO, S., LL.D. 4 The Hill, Monkstown, Co. Dublin. •

1878. tUowse, The Rig^t Hon. Baron. 38 Mountjoy-square, Dublin.

1866. •Dowson, E. Theodore, F.R.M.S. Geldeston, near Becoles, Suffolk.

1881. •Dowson, Joseph Emerson, M.In8t.C.E. 3 Great Queen-street, Lon<»

don, S.W.
1887. §Doxey. R. A. Slade House, Levenshulme, Manchester.
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1883. ^Draper, William. De Grey House, St. Leonard’s, York.
1868. {Dbesbeb, Henry E., F.Z.S. 6 Tenterden-street, Hanoveivsquare,

London, W.
1873. §Bbew, Frederic, F.G.S., F.R.G.S. Eton College, Windsor.
1879. jDrew, Samuel, M.D., D.Sc., F.R.S.E. 10 Laura^-place, Bath.
1887. ^Dreyfus, Hr. Daisy Mount, Victoria Park, Manchester.
1870. JDrysdale, J. J., M.D. 36a Rodney-street, Liverpool.
1884. XDu HenH. 39 Bentick-street, Glasgow,
1866. *Ducib, The Right. Hon. Henry John Reynolds Moreton, Earl

of, F.R.S.,F.G.S. 16 Portman-square, London, W.
;
and Tort-

worth Court, Wotton-under-Edge.
1870. ^Duckworth, Henry, F.L.S., F.G.S. Holme House, Columbia-road,

Oxton, Birkenhead.
1888. §Duckworth, Russell, J P. The Cloisters, Perrymead, Bath.
1867. *Dirpp, The Right Hon. Sir Moitntstttart Elphinstone Grant-,

.
G.O.B., G.C.S.L, F.R.S., F.R.G.S. York House, Twickenham.

1862. [fDufferin and Ava, The Most Hon. the Marquis of, K.P., G.C.B.,
G.C.M.G., D.C.L., LL.D., F.R.S., F.R.G.S. Clandeboye, near
JS0lfA8t)

1877. ^[Duffey, George F., M.D. 30 Fitzwilliam-place, Dublin.
1876. IDulHn, W. E. L’Estrange. Waterford.
1884. §Dugdale, Jakties H. 9 Hyde Park-gardens, London, W*.
1883. §Duke, Frederic. Conservative Club, Hastings.
1869. *Duncan, Alexander. 7 Prince’s-gate, London, S.W.
1866. *Duncan, James. 9 Mincing-lane, London, E.C.

Duncan, J. F., M.D. 8 Upper Merrion-street, Dublin.
1867. ^DyNCAN, Peter Martin, M.B.,F.R.S., F.G.S., Professor of Geology

in King’s College, London. 6 Grosvenor-road, Gunnersbury,
London, W.

1880. IDuncan, William S. 22 Delamere-terrace, Bayswater, London, W.
1881. IDuncombe, The Hon. Cecil. Nawton Grange, York.
1881. jDunhill, Charles H. Gray’s-court, York.
1866. JDunn, David. Annet House, Skelmorlie, by Greenock, N.B.
1882. §Dunn, J. T., M.Sc., F.O.S. High School for Boys, Gateshead-on-

Tyne.
1883. |Dunn, Mrs. 116 Scotswood-road, Newcastle-on-Tyne.
1876. jDunnachie, James. 2 West Regent-street, Glasgow.
1878. jDunne, D. B., M.A., Ph.D., Professor of Logic in the Catholic Uni-

versity of Ireland. 4 Clanwilliam-place, Dublin.

1884. §Dunnington, F. P. University of Virginia, Albemarle Co., Vir-
ginia, U.S.A.

1869. $Duns, Rev. John, D.D., F.R.S.E. New College, Edinburgh.
1886. *Dunstan, Wyndham R., M.A., F.O.S., Professor of Chemistry to

the Pharmaceutical Society of Great Britain, 17 Bloomsbury-
square, London, W.C.

1866. tHuprey, Perry. Woodberry Down, Stoke Newington, London, N.
1869. jD’Urban, W. S. M., F.L.S. -4 Queen-terrace, Mount Radford, Exeter..

1860. JDurham, Arthur Edward, F.R.C.S^, F.L.S., Demonstrator of
Anatomy, Guy’s Hospital. 82 BrooK-street, Grosvenoivsquare,

‘ London, W.
1887. IDurham, William. Seaforth House, Portobello, Scotland.

1887. SDyason, John Sanford, F.R.G.S., F.R.Met.Soc. Boscobel-gardens,
London, N.W.

1884. |Dyck, Professor Walter. The University, Munich.
1886. •Dyer, Henry, M.A. 8 Highburgh-terrace, Dowanhill, Glasgow.

DykeSf RobeH, KUmorie, Torquay, Devon,

1869. •Dymond, '^ward E. Oaklands, Aspley Guise, Woburn.
0
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1868. tEade, Peter, M.D. Upper St. GiWs-street, Norwich.
1861. jEadson, Hichard. 13 Hyde-road, Manchester.
1883. |Eagar, Rev. Thomas. The Rectory, Ashton-under-Lyne,
1877. JEarle, Ven. Archdeacon, M.A. West Alvingtqn, Devon.
1833. *EARiirsHAW, Rev. Samuel, M.A. 14 Beechhill-road, Sheffield.

1888. §Earson, H. W. P. 11 Alexandra-read, Clifton, Bristol.

1874. jEason, Charles. 30 Kenilworth-square, Rathgar, Dublin.
1871. *Ea8T0N, Edward, M.Inst.C.E., F^G.S. 11 Delahay-etreet, West-

minster, S.W.
1863. JEaston, James. Nest House, near Gateshead, Durham.
1876. lEaston, John. Durie House, Abercromby-street, Helensburgh,

N.B.
1883. ifEastwood, Miss. Littleover Grange, Derby.
1887. §Eccles, Mrs. S. White Coppice, Chorley, Lancashire.
1884. jEckersley, W. T. Standish Hall, Wigan, Lancashire.
1861. JEcroyd, Williaiji Farrer. Spring Cottage, near Burnley.
1858. *Eddi8on, Francis. Syward Lodge, Dormiester. ^

1870. '•’Eddison, John Edwin, M.D., M.R.C.S. 29 Park-square, Lieeds.

•Eddy, James Ray, F.G.S. The GrangCj, Carleton, SMpton.
1887. §Ede, Francis J. Silchar, Cachar, India.

Eden, Thomas. Talbot-road, Oxton.
1884. •Edgell, R. Arnold, M.A., F.C.S. Ashbumham House, Little Dean^s-

yard, Westminster, S.W.
1887. §Edgeworth, F. Y., M.A., F.S.S., Professor of Political Econon^ in

King^s College, London. Savile Club, 107 Piccadilly, Lon-
don, W.

1869. lEdmond, James. Cardens Haugh, Aberdeen.
1870. *Edmonds, F. B. 72 Portsdown-road, London, W.
1883. lEdmonds, William. Wiscombe Park, Honiton, Devon.
1888. Edmunds, Henry. Rhodehurst, Streatham, London, S.W.
1884. *Edmund8, James, M.D. 8 Grafton-street, Piccadilly, London, W,
1883. lEdmunds, Lewis, D.Sc., LL.B. 60 Park-street, Park-lane, London,

W.
1867. *Edward, Allan. Farington Hall, Dundee.
1867. ^Edward, Charles. Chambers, 8 Bank-street, Dundee.
1856. Edwards, Professor J. Baker, Ph.D., D.C.L. Montreal, Canada.
1884. tEdwards, W. F. Niles, Michigan, U.S.A.
1887. Egerton of Tatton, The Right Hon. Lord. Tattpn Park, Knuts-

ford.

1876. JElder, Mrs. 6 Claremont-terrace, Glasgow.
1886. Elgar, Francis, LL.D., F.R.S.E., Director of H.M. Dockyards.

The Admiralty, London, S.W.
1868. JElger, Thomas Gwyn Empy, F.R.A.S. Manor Qottage, Eempston,

Bedford.
1863. JEllenberger, J. L. Worksop.
1886. §Ellingham, Frank. Thorpe St. Andrew, Norwich.
1883, ^Ellington, Edward Bayzand, M.iUst.C.E. Palace-chambers, Bridge-

street, Westminster, S.W. r

1864. JElliott, E. B. Washington, U.S.A.
1883. Elliott, Edwin Bailey, M.A, Queen’s College, Oxford.
1872. jRev. JE. 11 Sussex'^squaref Kemp Town, JBi*igMon,

Elliott, John Fogg. Elvet Hill, Durham.
1879. § Elliott, Joseph SV. Post Office, Bury, Lancashire.
1886. § Elliott, Thomas Henry, F.S.S. Inland Revenue Department, Somer-

set House, London, W.C.
1864. *Ellis, Alexander John, B.A., F.R.S., F.S.A. 26 Argyll-road,

Kensington, London, W,
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1877. |Ellis, Arthur Devonshire. School of Mines, Jermyn-street, London,
S.W.

;
and Thumscoe Hall, Rotherham, Yorkshire.

1876. *Ellis, H. D. 0 Westhourne-terrace, Hyde Park, London, W.
1888. JEllis, John. 17 Church-street, 'Southport.

1^80. •Ellis, John Henry. New Close, Cambridge-road, Southport.
1^4. *Ellis, Joseph. Hampton Lodge, Brighton.

1864. |Ellis, J. Walter. High House, Thornwaite, Ripley, Yorkshire.
1884. lEllis, W. Hodgson. Toronto, Canada.

1809. JEllis, William Horton. Hartwell House, Exeter.
Ellmaii, Rev. E. B. Berwick Rectory, near Lewes, Sussex.

1887, }:Elmy, Ben. Eaton Hall, Congleton, Manchester.
1862. lElphinstone, H. W., M.A., F.L.S. 2 Stone-buildings, Lincoln’s Inn

London, W.C.
1883. |Elwes, George Robert. Bossington, Bournemouth.
1887. §Elworthy, Frederick T. Foxdown, Wellington, Somerset.
1870. *Elt, The Right Rev. Lord Alwyne Compton, D.D., Lord Bishop

of. • The Palace, Ely, Cambridgeshire.

1863. tEmbleton, Dennis, M.D. Northumberlan^-street, Newcastle-on*Tyne.
1884. |Emery, Albert H. -Stamford, Connecticut, XJ.S.A.

1863. jEmery, The Ven. Archdeacon, B.D. Ely, Cambridgeshire.
1886. XEmmonSf Hamilton, Mount Vernon Lodge^ Leamingtim,
1868. JEmpson, Christopher. Bramhope Hall, Leeds.

1866. jEntield, Richard. Low Pavement, Nottingham.
1884. ^England, Luther M. Knowlton, Quebec, Canada.
1863. jEnglish, Edgar Wilkins. Yorkshire Banking Company, Lowgate,

Hull.

1869. JEnglish, J. T, Wayfield House, Stratford-on-Avon.

1883. jEntwistle, James P. Beachfield, 2 Westclyflfe-road, Southport.

1869. *Enys, John Davis. Care of F. G. Enys, Esq., Enys, Penryn,
Cornwall.

1844. lErichsen, John Eric, LL.D., r.R.S., F.R.C.S., Professor of Sur-
gery in University College, London. 6 Cavendish-place,
London, W.

1864. *Eskrigge, R. A., F.G.S. 18 Hackins-hey, Liverpool.

1886. JEsselmont, Peter, M.P. 34 Albyn-place, Aberdeen.
1862. *Esson, William, M.A., F.R.S.,”F.C.S., F.R.A.S. Merton College,

and 13 Bradmore-road, Oxford.

1878. JEstcourt, Charles, F.C.S. 8 St. James’s-square, John Dalton-street,

Manchester.

1887. *Estcourt, Charles. Vyrnieu House, Talbot-road, Old Trafford,

Manchester.
1887. *Estcourt, P. A. Vyrnieu House, Talbot-road, Old Trafford, Man-

chester. *

Estcourt, Rev. W. J. B. Long Newton, Tetburv,

1869. IEtheridge, Robert, F.R.S. L. & E., F.G.S., Assistant Keeper (Geo-
logical and Paleeontplogical Department) Natural History
Museum (British iJluseum). 14 Carlyle-square, London,
S.W.

1888. §Etheridge, Mrs. 14 Carlyle-square, London, S. W.
1883. §Eunson, Henry J. 20 St. Giles-street, Northampton.
1881. JEvans, Alfred. Exeter College, Oxford.

1887 *Evans, Mrs. Alfred W. A. Hillside, New Mills, near Stockport,

Derbyshire. '*

1870. *Evans, Arthur John, F.SjV. 33 Holywell, Oxford.

1866. •Evans, Rev. Charles, M.A. The Rectory, Solihull, Birmingham.
1884. §Evans, Horace L. Moreton House, Tyndall Park, Bristol.

1869. *Evans, H. Saville W. Wimbledon Park House, Wimbledon, Surrey,
c 2
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1861. *Evan8, John, D.C.L., LL.D., Treas.R.S., F.S. A., F.L.S., F.G.S. 65
Old Bailey, London, E.C. ; and Nash Mills, llemel Hempstead*

1883.

*EvanB, J. 0. Nevill-street, Southport.
1883. *Evans, Mrs. J. 0. Nevill-street, Southport.
1881.

:j;Evans, Lewis. Llanfyrnach R.S.O., Pembrokeshire.
1876. XEvamy Mortimer

^
M.lnst, C.E. 97 West JRegmUstreet, Glasgow*^

1885. *Evans, Percy Bagnall. The Spring, Kenilworth.
1865. Sebastian, M.A., LL.D. Ileatbfield, Alleyne Park, Lower

Norwood, Suri'ey, S.E.
1875. :t:Evans, Sparke. 3 Apsley-road, Clifton, Bristol.

1865. *Evans, William. The Spring, Kenilworth.
1886. lEve, A. S. Marlborough College, Wilts.
1871. H. Weston, M.A. University College, London, W.C.
1868. *Evebett, j. D., M.A., D.C.L., F^R.S. L. & E., Professor of

Natural Philosophy in Queen’s College, Belfast. 6 Prince’s-

gardens, Belfast.

1880. fEteringham, Edward. St. HelenWoad, Swansea. *

1863. *Everitt, George All^n, F.R.G.S. Knowle Hall, Warwickshire.
1886. §Everitt, William E. Finstall Park, Bransgrove.
1883. jEves, Miss Florence. Uxbridge.
1881. JEwabt, j. Cossab, M.D., Professor of Natural History in the

University of Edinburgh. ‘

1874. JEwart, William, M.P. Gleumachan, Belfast.

1874. tEwart, W. Quartus. Glenmachan, l^lfast.

1859. *Ewing, Sir Archibald Orr, Bart., M.P. Ballikinrain Castle, Killeam,
Stirlingshire.

1876. *Ewino, James Alfbbd, B.Sc., F.R.S. L. & E., Professor of Engineer-
ing in University College, Dundee.

1883. JEwing, Janies L. 52 North Bridge, Edinburgh.
1871. *Exley, JohnT., M.A. 1 Cotham-road, Bristol.

1884. *Eyerman, John. Easton, Pennsylvania, U.S.A.
1882. |Eyre, G. E. Briscoe. Warrens, near Lyndhurst, Hants.

Eyton, Charles. Ilendred House, Abingdon.

1884. iFairbairn, Dr. A. M. Airedale College, Bradford, Yorkshire.
1865. *FAiBLEr, Thomas, F.R.S.E., F.C.S. 8 Newton-grove, Leeds.
1876. JFVuV/i<?, James M. Charing Cross Comer, Glasgow.
1870. JRobert. Woodlands, Clapham Common, London, S. W..
1886. X Kairley, William. Beau Desert, Rugeley, Staffordshire.

1864. jFalkner, F. II. Lyncombe, Bath.
1886. jFallon, T. P., Consul Geueral. Australia.

1883. jFallon, Rev. W. S. 1 St. AlbanVterrace, Cheltenham.
1877. §FabaiDat, F. J., F.Tj.S., F.S.S. College-chambers, 17 Brazenose-

street, Manchester.
1887. :|:Farmer, Sir James. Hope House, Eccles Old-road, Manchester.
1886. iFamcombe, Joseph, J.P. Lewes.
1879. •Famworth, Ernest. Clarence Vfda, Penn Fields, Wolverhampton.
1883. §Famworth, Walter.^ 86 Preston New-road, Blackburn.
1883. iFamworth, William. 86 Preston New-road, Blackburn.
J885. IFarquhar, Admiral. Carlogie, Aberdeen.
1859. tFarquharson, Robert F. O. Haughton, Aberdeen.
1885. ^Farqiiharson, Mra. R. F. O. Haughton, Aberdeen.
1866. •Fabbab, Ven. Fbbdebick William, M.A., D.D., F.R.S., Arch-

deacon of Westminster. St. Margarets Rectory, Westminster,
S.W.

1883. Farrell, John Arthur. Moynalty, Kells, North Ireland.

18fii7. I Farrelly, Rev. Thomas. BOyal College, Maynooth.
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1S69. •Faulding, Joseph. Ebor Villa, Godwin-read, Olive-vale, Hastings.
1883. §Faulding, Mrs. Ebor Villa, Godwin-road, Give-vale, Hastings.
1887. §Faulkner, John. 13 Great Ducie-street, Strangeways, Manchester.
1886. |Felkin, Robert W., M.D., F.R.G.S. 20 Alva-street, Edinburgh.

Fell, John B. Spark’s Bridge, Ulverstone, Lancashire.
1864. •Fellows, Frank P., K.S.J.J., F.S.A., F.S.S. 8 The Green, Hamp-

stead, London, N.W.
1852. JFenton, S. Greame. 9 College-square

;
and Keswick, near Belfast.

1883. iFenwick, E. H. 29 Harley-street, London, W.
1876. IFerguson, Alexander A. 11 Grosvenor-terrace, Glasgow.
1883, jFerguson, Mrs. A. A. 11 Grosvenor-terrace, Glasgow.
1869. iJF*erffuson, John. Cove, Nigg, Inverness.

1871. *Ferguson, John, M.A.., Professor of Chemistry in the University of
Glasgow.

1867.

tFerguson, 'Robert M., Ph.D., F.R.S.E. 8 Queen-street, Edinburgh.

1867.

^Ferguson, Sir Samuel, LL.D., Q.C. 20 Great George’s-street North,
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1882. §Fewings, James, B.A., B.Sc. The Grammar School, Southampton,
1887. §Fidde8, Thomas, M.D. Penwood, Urmston, near Manchester.

187^ fFiddes, Walter. Clapton Villa, Tyndall’s Park, Clifton, Bristol.

1868. JField, Edward. Norwich.
1886. IField, H. 0. 4 Carpenter-road, Edgbaston, Birmingham.
1869. *Fibld, Rogers, B,A,, M.Inst.O.E. 4 Westminster-chambers, West-

minster, S.W.
1887. JFielden, John 0. 146 Upper Brook-street, Manchester.

1882. fFilliter, Freeland. St. Martin’s House, Wareham, Dorset.

Finch, John. Bridge Work, Chepstow.
1885. JFindlater, John. 60 Union-street, Aberdeen.
1878. •Findlater, William. 22 Fitzwilliara-square, Dublin.

1886. JFindlay, George, M.A. 60 Victoria-street, Aberdeen.

1884. jFinlay, Samuel. Montreal, Canada.
1887. JFinnemore, Rev. J., F.G.S. 176 Cldbam-road, Manchester.

1881. JFirth, Colonel Sir Charles. Heckmondwike.
Firth, Thomas. Northwick.

1863. *Firth, William. Burley Wood, near Leeds.

1861. •Fischer, Professor William L. F., M.A., LL.D., F.R.S. St.

. Andrews, N.B.
1868. IFishboume, Admiral E. G., R.N. 26 Hogarth-road, Earl’s Court-

road, London, S.W.
1884. •Fisher, L. 0. Galveston, Texas, U.S.A.
1869. IFisher, Rev. Osmond, M.A., F.G.S. Harlton Rectory, near

Cambridge.

1873. IFisher, William. Maes Fron, near Welshpool, Montgomeryshire.

1879, IFisher, William. Norton Grange, near Sfife^eld.

1876. *Ftsher, W. W., M.A., F.O.S. 6 St. Margaret’a-road, Oxford.

1868. tFisbwick, Henry. Oarr-hill, Rochdale.
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1886. IFison, E, Herbert, Stoke House, Ipswich.
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1871. •Fison, Frederick W., M.A., F.O.S. Eastmoor, Ilkley, Yorkshire,
1871. tFiTCH, J. G., M.A., LL.D. 6 Lancaster-torrace, Regents Park.

London, N.W.
1883. |Fitch, Rev. J. J. Ivyholme, Southport.
1868. :J;Fitch, Robert, F.G.S., F.S.A. Norwich. ‘
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jFitzgerald, 0. E., M.D. 27 Upper Merrion-street, Dublin.
1878. §Fitzgerald, George Francis, M.A., F.R.S., Professor of Natural
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1883. JForsyth, A. R., M.A., F.R.S. Trinity College, Cambridge.
1884. jFort, George H.« Lakefield, Ontario, Canada.
1854. •Fort, Richard. Read Hall, Whalley, Lancashire.

1877. t

F

ortescue, The Right HoU. the Earl. Castle Hill, North Devon.
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1860. JFox, Jos^h John. Lordship-terrace, Stoke Newington, London, N.
1876. JFox, St. G. Lane. 9 Sussex-place, London, S.W.
1888. §Fox, Thomas. Court, Wellington, Somerset.

1886. jFoxwell, Arthur, M.A., M.B. 17 Temple-row, Birmingham.
1881. *Foxwell, Herbert S., M.A., F.S.S., Professor of Political Economy

in-University College, London. St. John’s College, Cambridge.
1866. *Franci8, G. B. Vale House, Hertford.

1884. JFrancis, James B. Lowell, Massachusetts, U.S.A.
Francis, William, Ph.D., F.L.S., F.G.S., F.R.A.S. Red Lion-court,

Flpet-street, London, E.C. ; and Manor House, Richmond,
Surrey.

1846. :tFRANKXAND, Edward, M.D., D.C.L., LL.D., Ph.D., F.R.S., F.C.S.
The Yews, Reigate Hill, Surrey.

1887. *Frankland, Percy F., Ph.D. Royal School of Mines, South Kensing-
ton, London, S.W.

1882. §Fraser, Alexander, M.B. Royal College of Surgeons, Dublin.

1886. IFraser, Angus, M.A., M,D., F.C.S. 232 Union-street, Aberdeen.
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1869. •Frazer, Daniel. 127 Buchanan-street, Glasgow.
1871. ^Frazer, Evan L. R. Bnmswick-terrace, Spring Bank, Hull.

1884. •Frazer, Persifor, M.A., D.Sc., Professor of Chemistry in the
I^anklin Institute of Pennsylvania. 201 South Fifth-street,

Philadelphia, U.S.A.
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1884. *F»eam:, W., LL.D., B.Sc., F.L.S., F.G.S., F.S S., Professor of
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1860. tFre^bor^, Richard Fernandez. 38 Broad-street, Oxford.
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1875. F. J. 104 Pembroke-road, Clifton, Bristol.
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1881. |Gabb, Rev. James, M.A. Bulmer Rectory, Welburn, Yorkshire.

1887. jGaddum, G. H. Adria House, Toy-lane, Withington, Manchester^
•Gadesden, Augustus William, F.S.A. Ewell Castle, Surrey.

1857. IGages, Alphonse, M.R.I.A. Museum of Irish Industry, Dublin.
1863. *Gavnsfordf W. D. Aswardby Hally SpiUhy.
1876. JGairdner, Charles. Broom, Newton Meams, Renfrewshire.
1850. iGairdner, Professor W. T., M.D. 225 St. Vincent-street, Glasgow.

Galbraith, Rev. J. A., M.A., M.R.I.A. Trinity College, Dublin.
1876. JGale, James M. 23 Miller-street, Glasgow.
1863. JGale, Samuel, F.C.S. 225 Oxford-street, London, W.
1885. *Gallaway, Alexander. Tighnault, Aberfeldy, N.B.
1888. §Gallenga, Mrs. Anna. The Falls, Chepstow.

1888.

§Gallenga, Mrs. A. A. R. The Falls, Chepstow.
1861. JGalloway, Charles John. Knott Mill Iron Works, Manchester.
1861. jGalloway, John, jun. Knott Mill Iron Works, Manchester.
1875. jGALLOWAX, W. Cardiff.

1887. *Ga31oway, W. The Cottage, Seymour-grove, Old Trafford, Man-
cll0St)0T»

I860; *Galton, Sir Douglas, K.O.B., D.O.L., LL.D., F.R.S., F.L.S.,

F.Q.S., F.R.G.S. (General Secretaby.) 12 Chester-street,

Grosvenor-place, London, S.W.
1860. *Galton, Francis, M.A., F.R.S., F.G.S., F.R.G.S. 42 Rutland-

gate, Knightsbridge, London, S.W.
1869. ^Galton, John C., M.A., F.L.S. 40 Great Marlborough-street^

London, W.
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1887. *Qaltoii, Miss Laura Gwendolen Douglas. 12 Ohester-street, Gros-
venor-place, London, S.W.

1870. ^Gamble, Lieut.-Colonel D. St. Helen’s, Lancashire.
1870. fGamble, J. O. St. Helen’s, Lancashire.
1^2. *Gamble, John G., M.A. Capetown. (Care of Messrs. Ollivier and
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1888. §Gamble, J, Sykes, F.L.S. Madras.
1877. ^Gamble, WilliaCm. St. Helen’s, Lancashire.
1868. iGAHOEE, Abtktte, M.D., F.R.S., Fullerian Professor of Physiology

in the Royal Institation, London. 17 Great Cumberland-
place, London, W.

1883. :|:Gant, Major John Castle. St. Leonard’s.
1887. §GARDiNliR W^ALTER, M.A. Clare College, Cambridge.

1882.

Gardner, H. Dent, F.R.G.S. 26 Northbrook-road, Lee, Kent.
1882. ^Gardner, John Starkie, F.G.S. 7 Damer-terrace, Chelsea, London,

S.W.
1884, IQarman, Samuel. Cambridge, Massachusetts, U.S.A.
1862. JGarnbr, Robert, F.L.S. Stoke-upon-Trent.
1866, ^Garner, Mrs. Robert*. Stoke-upon-Trent.
1888. §Garnett, Frederick Brooksbauk, C.B. 4 Argyll-road, Campden Hill,

London, W.
1887. Garnett, J, \V. The Grange, near Bolton, Lancashire.
1882. JGarnett, William, D.C.L., Principal of the College of Physical

Science, Newcastle-on-Tyne.
1873. i^Gamham, John. Hazelwood, Crescent-road, St. John’s, Brockley,

Kent, S.E.
1883. §Garson, J. G., M.D. 14 Suffolk-street, Pall Mall, London, S.W.
1874. Garstin, John Ribton, M.A., LL.B., M.R.I.A., F.S.A. Bragans-

town, Castlebellingham, Ireland.

1882. JGarton, William. Woolston, Southampton.
1870, JGaskell, Holbrook. Woolton Wood, Liverpool,

1870. *Ga8kell, Holbrook, jun. Clayton Lodge, Aigburth, Liverpool.

1862. Gatty, Charles Henry, M.A., F.L.S., F.G.S. Felbridge Place, East
Grinstead, Sussex.

1876. JGavey, J. 43 Stac^-road, Routh, CardiiF.

1876, JCkiye, Henry S., M.D. Newton Abbot, Devon.
1871. jGeddes, John. 9 Melville-crescent, Edinburgh.
1883. §Geddes, John. 33 Portland-street, Southport.

1886. §Geddes, Patrick. 6 James-court, Edinburgh.
1864* |Gtee, Robert, M.D. 6 Abercromby-square, Liverpool.

1887. §Gee, W. W. Haldane. Owens College, Manchester.

1867. IGeikib, Archibald, LL.D., F.R.S. L. & E., F.G.S., Director-General
of the Geological Survey of the United Kingdom. Geological
Survey Office, Jennyn-s^wet, London, S.W.

1871ii "jGeikie, James, LL.D., F.R.S. L.&E., F.G.S., Murchison Professor

of Geology and Minf,ralogy in the University of Edinburgh.
31 Merchiston-avenuo, Edinburgh.

1882. Genesb, R. W., M.A., Professor of Mathematics in University Col-

lege, Aberystwith.

1876. •George, Rev. Hereford B., M.A., F.R.G.S. New College, Oxford.

1886. tGerard, Robert. Blair-Devenick, Cults, Aberdeen.

1884. *Gerraiis, Henry T., M.A. Worcester College Oxford.

1870. •Gervis, Walter S., M.D., F.G.S, Ashburtcffi^ Devonshire.

18^ IGibb^ Charles. Abbotsford, Quebec, Canada.

1866. jGibbins, William. Battery Works, Digbeth, Burmingham.
1874. ICKbson, The Right Hon. Edward, Q.C. 23 Fitzwilliam-square,

Dublin.
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1876. ^Gibson, George Alexander, M.D., D.Sc., F.R.S.E., Secretary to the
Royal College of Physicians of Edinburgh. 17 Alva-street,

Edinburgh.
1884. ifQibson, Rev. Janies J. 183 Spadina-avenue, Toronto, Canada.
1886. jGibson, John, Ph.D. The University, Edinburgh. «

1887. JCiPFEKT, Robert, LL.D., V.P.S.S. 44 Pembroke-road, London, S.W.
1888. ^Gifford, H. J. Bute Arms, Pontydown, South Wales.
1884, t:Gilbort, E. E. 245 St. Antoine-street, Montreal, Canada.
1842. Gilbert, Joseph Henry, Ph.D., LL.D., F.R.S., F.O.S., Professor

of Rural Economy ii; the University of Oxford. Ilarpenden,
near St. Albans.

1883. §Gilbert, Mrs. Harpenden, near St. Albans.
1867. IQilbert, J. T., M.R.I.A. Villa Nova, Blackrock, Dublin.
1884. *Gilbert, Philip H. 246 St. Antoine-street, Montreal, Canada.
1883. ^Gilbert, Thomas, Derby-road, Southport.

Gilderdale, Rev. John, M.A. Walthamstow, Essex.
1882. JGiles, Alfred, M.P., M.Inst.C.E. ‘ Cosford, Godahrfing.
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1884. ifGillman, Henry. 79 East Columbia-street, Detroit, Michigan, U.S.A.
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1867. tGilroy, Robert. Craigie, by Dundee.
1887. *Gimingham, Charles H. Stamford House, Northumberland Park,

Tottenham, Middlesex.

1867. §GiNSBirRG, Rev. C. D., D.C.L., LL.D. Holmlea, Virginia Water
Station, Chertsey.
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1860. *Gladstone, George, F.C.S., F.R.G.S. 34 Denmark-villas, Hove,

Brighton.
1849. *Gladstone, John Hall, Ph.D., F.R.S., F.C.S, 17 Pemjridge-
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1870. §Gl6n, David Corse, F.G.S. 14 Annfield-place, Glasgow.
1869. j^Glennie, J. S. Stuart, M.A. West Bank, Wimbledon Common.
1867« iGloag, John A. L. 10 Inverleith^lace, Edinburgh.

y Glover, George. Ranelagh-road, Pimlico, London, S.W.
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1870. tGlynn, Thomas R., M.D. €12 llodney-street, Liverpool.
1872. jGoDDARD, Kichabd. 16 Booth-street, Bradford, "Yorkshire.

1886. :jGodlee, Arthur. 3 Greenfield-crescent, Edgbaston, Birmingham.
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1884. jGoodbody, Robert. Fairy Hill, Blackrock, Co. Dublin.
1886. JGoodman, F. B. 46 Wheeley’s-road, Edgbaston, Birmingham.
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1884. jGoodwin, Professor Wt. L. Queen’s University, Kingston, Ontario,

Canada.
1883. IGoouch, B., B.A. 2 Oxford-road, Birkdale, Southport.

1886. ^Gordon, General the Hon. Sir Alexander Hamilton. 50 Queen’s
Gate-gardens, London, S.W.

1886. §Gordon, Rev. Cosmo, D.D., F.R.A.S., F.G.S. Chetwynd Rectory,
Newport, Salop.

1886. JGordon, Rev. George, LL.D. Birnie, by Elgin, N.B.
1871. ’’‘Gordon, Joseph Gordon, F.G.S. Queen Anne’s Mansions, West-

miiistoF S^'W#
1884. *Gordon, Robert, M.Inst.C.E., F.R.G.S. Fernhill, Henbury* near

Bristol.

1867. ^Gordon, Samuel, M.D. 11 Ilume-street, Dublin.

1885. ^Gordon, Rev. William. Braemar, N.B.
1887. §Gordon, William John. 21 Catherstone-terrace, London, S.W.
1866. jGore, George, LL.D., F.]|^.S. 60 Islington-row, Edgbaston, Bir-

mingham.
1876. •Gotch, Francis, B.A., B.Sc. Holywell Qottage, Oxford.

*Gotch, Rev. Frederick William, LL.D. Stokes Croft, Bristol.

Gotch, Thomas Henry. Kettering.

1873. Charles, M.Inst.C.E. Parl^eld-road, Manningham, Bradford,
Yorkshire.

1849. tGough, The Hon. Frederick. Perry Hal^ Pirmingham.
1867. |Gough, The Right Hon. George S., Viscount, M.A., F.L.S., F.G.S,

St. Helen’s, Booterstown, Dublin.
*

1881. JGough, Thomas, B.Sc., F.C.S. Elmfield College, York.
1868. {Gould, Rev. George. Unthank-road, Norwich.
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1888. §Gourdud, Colonel. Little Menlo, Norwood, Surrey.
1873. jGourlay, J. McMillan. 21 St. Andrew’s-place, Bradford, Yorkshire.
1867. jGourley, Henry (Engineer). Dundee.
1876. IGow, Robert. Oairndowan, Dowanbill, Glasgow.
1883. §Gow, Mrs. Caimdowan, Dowanbill, Glasgow. r

Gowland, James. London-waU, London, E.O.
1873. §Goyder, Dr. D. Marley House, 88 Great Horton-road, Bradford,

Yorkshire.
' '

1886. JGrabham, Michael C., M.D. Madeira.
1861. tGrafton, Frederick W. Park-road, Whalley Range, Manchester.
1867. Graham, Cyril, C.M.G., F.L.S., F.R.G.S. Travellers’ Club, Pall

Mall, London, S.W.
1876. IGrahame, James. 12 St. Vincent-street, Glasgow.
1862. *GRAiNGER,Rev. Canon .John, D.D.jM.lt.I.A. Skeny and Rathcavaij

Rectory, Broughshane, near Ballymena, Co. Antrim.
1870. JGrant, Colonel James A., C.B.f C.S.I., F.R.S., F.L.S., F.R.G.S.

19 Upper Grosvenor-street, London, W.
1866. *Gbant, Robert, M.A., LL.D., F.R.S., F.R.A.S., Regius Professor of

Astronomy in the University of (jtlasgow. The Observatory,
Glasgow.

1864. JGrantham, Richard B., M.Inst.C.E., F.G.S.. Northumberland-
‘ chambers, Northumberland-avenue, London, W.C.

1864. i^Grantham, Richard F. Northumberland-chambers, Northumberland*,
avenue, London, W.C.

1887. §Gratrix, Samuel. Alport Town, Manchester.
1881. ifGraves, E. 22 Trebovir-road, EarPs Court-road, London, S.W.
1887. iGraves, John. Broomhurst, Eccles Old-road, Manchester.
1881. jGray, Alan, LL.B. Minster-yard, York.
1864. *Gray, Rev. Charles. The Vicarage, Blyth, Worksop.
1866. JGray, Charles. Swan Bank, Bilston.

1876. :j:Gray, Dr. Newton-terrace, Glasgow^
1881. :fGi*ay, Pldwin, LL.B. Minster-yard, York.
1869. :j;Gray, Rev. J. H. Bolsover Castle, Derbyshire.
1887. §Gray, Joseph W., F.G.S. Spring Hill, Wellington-road South,

Stockport.
1887. :t;Gray, M. Ii., F.G.S. Lessness Park, Abbey Wood, Kent.
1886. *Gray, Robert Kaye. Lessness Park, Abbey Wood, Kent.
1881. |Gray, Thomas, Professor of Engineering in the Rane Technical In-

stitute, Terre Haute, Indiana, U.S.A.
1883. JGray, Thomas. Spital Hill, Morpeth.
1873. iGray, William, M.R.I.A. 8 Mount Charles, Belfast.

•Gray, Colonel William. Farley Hall, near Reading.
1883. JGray, William Lewis. 36 Gutter-lante, London, E.O.
1883. jGray, Mrs. W. L. 36 Gutter-lane, London, E.C.
1886. jGreaney, Rev. William. Bishop’s House, Bath-street, Birmingham.
1883. §Greathead, J. H. 8 Victoria-chambers, London, S.W,
1866. §Greaves, Charles Augustus, M.B., LL.B. 101 Friar-gate, Derby.
1887. JGreaves, H. R. Tte Orchards, Mill End, Stockport.

1869. IGreaves, William. Station-street, Nottingham.
1872. iGreaves, William. 3 South-square, Gray’s Inn, London, W.O.
1872. *Qrece, Clair J., LL.D. Redhill, Surrey.
1879. tOreen, A. F. 16 Ashwood-villas, Headingley, Leeds.
1887. §Green, Friese. 34 Gay-street, Bath.
1888. §Greene, Joseph R. 17 Bloomsbury-square, London, W.O.
1887. jGreenhalgh, Richard. 1 Temple-gardens,'^ The Temple, London,

E.C.
' 1868. •Greenhaigh, Thomas. Thomydikes, Sharpies, near Bolton-le-Moors.
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1882. JQrebnhill, A. G., M.A., F.R.S., Professor of Mathematics at the
Royal Artillery Institution, Woolwich. 3 Staple-Inn, London,
w.o.

1881. §Greenhough, Edward. Matlock Bath, Derbyshire.
1884. Greenish, Thomas, F.C.S. 20New-street, Dorset-square,London, N.W.
1884. jGreenshields, E. B. Montreal, Canada.
1884. jGreenshields, Samuel. Montreal, Oaoada.
1887. §Greenwell, G. 0., juii. Poyntoo, Cheshire.
1863. fGreenwell, G. .E. Poynton, Cheshire.

1875. XGreemooody Frederick, School of Medicine^ Leeds,
1877. jGreenwood, Holmes. 78 King-street, Accrington.
1883. ^Greenwood, J. G., LL.D., Vice-Chancellor of Victoria University.

Owens College, Manchester.
1849. IGreenwood, William. % Stones, Todmorden.
1887. §Greenwood, Professor W. H., M.Inst.C.E. Firth College, Sheffield.
1887. TGreg, Arthur. Eagley, near Bolton, Lancashire.
1861. *Greg, Robert Philips, F.G.S., F.R.A.S. Coles Park, Bunting-

ford, Herts.
1833. Gregg, T. II. 12 A^exandra-road, Finsbury Park, London, N.
1860. IGregor, Rev. Walter, M.A. Pitsligo, Rosehearty, Aberdeenshire.
1868. ^Gregory, ^ir Charles Hutton, K.C.M.G., M.Inst.C.E. 2 Delahay-

, street, "Westminster, S.W.
1883. tClregson, Edward, Ribble View, Preston.

1883. jGregson, G. E. Ribble View, Preston.

1881. jGregson, William. Baldersby, Thirsk.

1875. iGrenfell, J. Granville, B.A., F.G.S. 5 Albert-villas, Clifton,
Bristol.

1875. XQrey^ Mrs. Maria G, 18 Cadogan-placcy LondoUy S. W.
1859. ^Grierson, Thomas Boyle, M.D. Thornhill, Dumfriesshire,

1875. jGrieve, David, F.R.S.E., F.G;S. 19 Abercorn-terrace, Portobello,
Midlothian.

1878. JGriffin, Robert, M.A., LL.D. Trinity College, Dublin.

1859. •Griffith, George, M.A., F.C.S. Druries, Harrow.
1870. ^Griffith, Rev. Henry, F.G.S. Brooklands, Isleworth, Middlesex.
1884. fGriffiths, E. H. 12 Park-side, Cambridge.
1884. ^Griffiths, Mrs. 12 Park-side, Cambridge.
1847. jGriffiths, Thomas. Bradford-street, Birmingham.
1879. ^Griffiths, Thomas, F.C.S. , F.S.S. Heidelberg House, King’s-road,

Clapham Park, London, S.W.
1875. +Grignon, James, H.M. Consul at Riga. Riga.

1870. tGrimsdale, T. F., M.D. 29 Rodney-street, Liverpool.

1888. *Grimshaw, James Walter. Australian Club, Sydney, New South
Wales.

1884. iGrinnell, Frederick. Providence, Rhode Island, U.S.A.
1881. jGripper, Edward. Nottingham.

1864. JQroom-Napier, Charles Ottley. 18 Elgin-road, St. Peter^s
Park, London, N.W”.

Grove, The Hon. Sir William Robert, Knt., M.A., D.C.L., LL.D.,
F.R.S. 115 Harl^-street, LondonfW.

1863. *Groves, Thomas B., F.C.S. 80 St. Mary-street, Wejmiouth.
1869. JGrhbb, Sir Howard, F.R.S., F.R.A.S. 51 Kenilworth «square,

Rathgar, Dublin.
^

1886. §Grundy> John. Park Drive, Nottingham.
1867. tGuild, John. Bayfield, West Ferir, Dundee.
1887. ^Ghillemard, F. fl. H. Eltham, Kent.

* Guinness, Henry. 17 College-green, Dublin.

1842., Guinness, Richard Seymour. 17 College-green, Dublin.
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1862. John, M.A., F.G.S. 82 Prince of Walea-road, Norwich.
1885. iOunn, John. Dale, Halkirk, Caithness.

1877. tGunn, William, F.G.S. Office of the Geological Survey of Scot-
land, Sheriff’s Court House, Edinburgh.

1866. IGunther, Albert C. L. G., M.A., M.D., Ph.D., F.R.S., Keeper^of
the Zoological Collections in the British Mi^um. British
Museum, South Kensington, London, S.W.

1880. §Guppy, John J. Ivy-place, High-street, Swansea.
1876. JGuthrie, Francis. Cape Town, Cape of Good Hope.
1883. tGiithrie, Malcolm. 2 Parkfield-road, Liverpool.

1867. JGwynne, Rev. John. Tullyagnish, Letterkennv, Strabane, Ireland.

1876. JGwyther, R. F., M.A. Owens College, Mancnester.

1884. JHaanel, E., Ph.D. Cobourg, Ontario,iCanada.

1887. ^Hackett, Henry Eugene. Hyde-road, Gorton, Manchester.

1865. jHackney, William. 9 Victoria-chambers, Victoria-street, London,
S.W. /

1884. ^Hadden, Captain C. F., R.A. Woolwich.
1881. *Haj)don, Alfred Cort, B.A., F.Z.S., Professor of Zoology in the

Royal College of Science, Dublin.
Haden, Q. N. Trowbridge, Wiltshire.

1842. Hadfield, George. Victoria-park, Manchester. ‘

1888. •Hadfield, R. A. Hecla Worns, Sheffield.

1848. IHadland, William Jenkins. Banbury, Oxfordshire.

1870. JHaigh, George. Waterloo, Liverpool.
•Hailstone, Edward, F.S.A. Walton Hall, Wakefield, Yorkshire.

1879. JHxke, H. Wilson, Ph.D., F.O.S. Queenwood College, Hants.
1876. JHale, Rev. Edward, M.A., F.G.S., F.R.G,S. Eton College, Windsor.
1887. JHale, The Hon. E. J. 9 Mount-street, Manchester.
1883. XHaliburton^ Mobert Grant, National Club^ Whitehall^ London^ S, W,
1872. ^Hall, Dr. Alfred. 8 Mount Ephraim, Tunbridge Wells.
1879. *Hall, Ebenezer. Abbeydale Park, near Sheffield.

1883. •Hall, Miss Emily. 24 Scarisbrick-street, Southport.

1881. IHall, Frederick Thomas, F.R.A.S. 15 Gray’s Inn-square, London,
W.C.

1854. •Hall, Hugh Fbrqie, F.G.S. Sunnyside, Wavertree, Liverpool.

1887. John. Springbank, Leftwich, Northwich.
1872. •Hall, Captmn Marshall, F.G.S. St. John’s, Bovey Tracey, South

Devon.
1886. §Hall, Samuel. 19 Aberdeen Park, Highbury, London, N.
1884. :|:Hall, Thomas Proctor. School of Practical Science, Toronto,

Canada.
1866. •Hall, Townshend M., F.G.S. Pilton, Barnstaple.

1860. IHall, Walter. 11 Piei>road, Erith.

1883. *Hall, Miss Wilhelmina. The Gore, Eastbourne.
1873. *Hallett, T. G. P., M.A. Claverton Lodge, Bath.
1868. •Hallett, William Henry, F.L.S. Buckinghamr House, Marine

Parade, Britton.
1888. §Halliburton, W. D.J' M.D. 26 Maitland Park-villas, London, N.W.

Halsall, Edward. 4 Somerset-street, Kingsdown, Bristol.

1886. JHaiUbleton, G. W. 76 IJpper Gloucester-place, London, N.W.
1858. *Hambly, Charleg Hambly Burbiidge, F.G.S. Holmeside, Hazelwood,

Derby.
1883. •Hamel, Egbert D. de. Middleton Hall, Tamworth.
1886. :|;Hamilton, David James. 1a Albyn-place, Aberdeen.
1869.. jHamilton, Rowland. Oriental Club, Hanover-square, London, W,

' 1888. •Hammond, Anthony, J.P. Bath.
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1851. ^Hammond, 0, 0. Lower Brook-street, Ipswich.
1881. •Hammond, Robert. Hilldrop, Highgate, London, N.
1878. JHanagan, Anthoi^. Luckington, Dalkey.
1878. §Hance, Edward M., LL.B. 6 Sea Bank-avenue, Egremont, Cheshire.
1875. j[;Hancock, C. F., M.A. 136 Queen’s-gate, London, S.W.
1868. ^Hancock, John. 4 St. Marys-terrace, Newcastle-on-Tyne.
1861. ^[Hancock, Walter. 10 Upper Ohadwell-street, Pentonville, Lon-

don, N.
1867. tHancock, WiUiam J. 23 Synnot-place, Dublin.
1847. jHANcocz, W. Neilson, LL.D., M.R.I.A. 64 Upper Gardiner-

street, Dublin.
1876. tHancock, Mrs. W. Neilson. 64 Upper Gardiner-street, Dublin.
1882. IHankinson, R. C. Bassett, Southampton.

,
1884. iHannaford, E. C. ISpl Oatherine-street, Montreal, Canada.
1859. jHannay, John. MontcofFer House, Aberdeen.
1886. §Hansford, Charles. 3 Alexandra-terrace, Dorchester.
1869. •Harcott^t, A. G. Vernon, M.A., LL.D., F.R.S., F.C.S. (General

V Secretary.) Cowley Grange, Oxford.
1886. *Hardcastle, Basil W.» F.S.S. &echenden, Hampstead, London,

N.W.
1884. •Hardcastle, Norman C., M.A., LL.M. Downing College, Cambridge.
] 866. |;Harding, Charles. Harborne Heath, Birmingham.
1869. i^Harding, Joseph. Mlllbrooke House, Exeter.

1877. JHarding, Stepuen. Bower Ashton, Clifton, Bristol.

1869. ; Harding, William D. Islington Lodge, King’s Lynn, Norfolk.
1886. :t:Hardman, John B. St. John’s, Hunter’s-lane, Birmingham.
1872. \mrdwickey Mrs. 192 TiccadiUy, London, W.
1880. jHardy, John. 118 Embden-street, Manchester.
1838. *Hare, Charles John, M.D. Berkeley House, 16 Manchester-

square, London, W.
1868, ^Hargrave, James. Burley, near Leeds.
1883. §Hargreaves, Miss H. M. 69 Alexandra-road, Southport.

1883. JHargreayes, Thomas. 69 Alexandra-road, Southport.

1881. jHargrove, William Wallace. St. Mary’s, Bootham, York.
1876. {Harker, Allen, F.L.S., Professor of Natural History in the Royal

Agricultural College, Cirencester.

1887. §Harker, T. H. Brook House, FalloWfield, Manchester.
1878. *Harkness, H. W. California Academy of Sciences, San Francisco,

California, U.S.A.
1871. ^Harkness, Wiluam, F.C.S. Laboratory, Somerset House, London,

W.C.
1876. *Harland, Rev. Albert Augustus, M.A., F.G.S., F.L.S., F.S.A. The

Vicarage, Haredeld, Middlesex.
1877. •Harland, Henry Seaton. 8 Arundel-terrace, Brighton, Sussex.
1883. *Harley, Miss Clara. 4 Wellington-square, Oxford.

1862. *Harley, George, M.D., F.R.S., F.C.S. 26 Harley-street, liOn-

doH, W.
1883. *Harley, Harold, 14 Cha]^l-street, Bedford-row, London, W.C.
1862. •Harley, Rev. Robert, F.R.S., F.R.A.S. 4 Wellington-square,

Oxford.
1868. •Harmer, F. W., F.G.S. Oakland House, Cringleford, Norwich.
1881, •Harmer, Sidney F.,*B.Sc. King’s College, Cambridge.
1882. ^Harper, G. T. Bryn Hyfrydd, Portswood; Southampton.
1872. jHarpley, Rev. William, M.A. Clayhanger Rectory, Tiverton.

1884. Jllarrington, B. J., B.A., Ph.D., Professor of Chemistry and
Mineralogy in McGill University, Montreal. Wallbrac-plac6,
Montreal, Canada.
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1872. *Harri8, Alfred. Lunefield, Kirkby-Lonsdale, Westmoreland.
1888. §Harris, C. T. 4 Kilbum Prioi^, London^ N.W.
1871. ^Harris, George, F.S.A. Iselipps Manor, Northolt, Soutball, Mid>

dlesex.

1842. *Harris, G. W., M.Inst.C.E. Mount Gambier, South Australia.

1884. §Harris, Miss Katherine E. 73 Albert Halbrnansions, Kensingtdn-
gore, London, SW.

1888. §Harrison, Charles. 20 Lennox>gardens, London, S.W.,
1860. ^Harrison, Ilev. Francis, M.A. North Wraxall, Chippenham.
1864. jHanison, George. Barnsley, Yorkshire.

1874. jHarrison, G. D. B. 3 Beaufort-road, Clifton, Bristol.

1868. *Harrison, James Park, M.A. 22 Connaught-street, Hyde
London, W.

1870. jHarrison, Reqinalp, M.R.C.S. 61 !|Jodney-street, Liverpool.
1863. illarrison, Robert. 36 George-street, Hull.

1883. jHarrison, Thomas. 34 Ash-street, Southport.
1863. Jllarrison, T. E. Engineers’ Offico, Central Station, Newcastle-on-

Tyne.
1886. §Harrison, William. The Horsehills, Wpjverhampton.
1886. jHaiTison,W. Jerome, F.G.S. 365 Lodge-road, Hockley, Birmingham.
1864. jHarrowby, The Right Hon. the Earl of. 39 Grosvenor-square,

London, W. ; and Sandon Hall, Lichfield. '

1886. :t:HART, Charles J. 10 Calthorpe-road, Edgbaston, Birmingham.
1876. *Hart, Thomas. Brooklands, Blackburn.
1881. §Hart, Thomas, F.G.S. Yewbarrow, Grange-over-Sands, Cam-

forth.

1875. JHart, W. E. Kilderry, near Londonderry.
Hartley, James. Sunderland.

1871. ^Hartley, Walter Noel, F.R.S. L. & E., F.C.S., Professor of
Chemistry in the R^al College of Science, Dublin.

1886. §nART0G, Professor M. hL, D.Sc. Queen’s College, Cork.
1887. §Hartog, P. J., B.Sc. 6 Greville-foad, London, N.W.
1870. JHarvey, Enoch. Riversdale-road, Aigburth, Liverpool.
1886. JHarvey, Surgeon-Major Robert, M.D. Calcutta.

1886. §Harvie-Brown, J. A. Dunipace, Larbert, N.B.
.

1862. *Harwood, John, jun. Woodside Mills, Bolton-le-Moors,
1884. |.Haslam, Rev. George, M.A. Trinity College, Toronto, Canada.
1882. tHaslam, George James, M.D. Owens College, Manchester.
1876. *HASTrNG8, G. W^ M.P. Barnard’s Green House, Malvern.
1886. :|;Hatherton, The Right Hon. Lord, C.B. Haws Hall, Birming-

ham.
1857. JHafqhton, Rev. Samuel, M.A., M.D., D.C.L., LL.D., F.R.S.,

ISI.R.I.A., F.G.S., Senior Fellow of Trinity College, Dublin.
Trinity College, Dublin.

1874. IHawkins, B. Waterhouse, F.G.S. Century Club, East Fifteenth-
street, New York, U.S.A.

1887. •Hawkins, William. 11 Fountam -street, Manchester.
1872. •Hawkshaw, Henry PauL 68 Jermyn-street, St. James’s, London,

S.AV.
•Hawkshaw, Sir John, M.Inst.0.E., F.R.S., F.G.S., F.R.Q.S.

HoUycombe, Liphook, Petersfield
;
and 33 Great Gj^rge-street,

Lonaon, S.W. . .

1864. •Hawkshaw, John Clarke, M.A., M.In8t.C.E., F.G.S. 60Harring-
ton-gardens, South Kensington, S.W.

; and 33 Great George-
street London, S.W.

1868. §Hawksley, Thomas, M.Inst.0.E.,F.R.S., F.G,S. 30 Gr^t George-
street, London, S.W.
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1884. •Haworth, Abraham. Hilston House, Altrincham,
1887. •Haworth, Jesse. Woodside, Bowdon, Cheshire.
1887. l^Haworth, S. E. Warsley-road, Swinton, Manchester.
1886. ^Haworth, Rev. T. J. Albert Cottage, SalUey, Birmingham.
1863. jHawthom, William.

^
The Cottage, Benwell, Newcastle-upon-Tyne.

1869. tHay, Sir Andrew Leith, Bart. Rannes, Aberdeenshire.
1877. jHay, Arthur J. Lerwick, Shetland.

1861. •Hay, Admiral the Right Hon. Sir John C. D., Bart., K,C.B.,
D.C.L., F.R.S. 108 St. George’s-square, London, S.W.

1868. $Hhy, Samuel. Albion'placCj Leeds.

1867. tHay, William. 21 Magdalen-yard-road, Dundee.
1886. •Haycraft, Professor John Berry, M.B., B.Sc., F.R.S.E. Physioloig^cal

Laboratory, the University, Edinburgh.
1873. •Hayes, Rev. Willian!^ A., M.A. Dromore, Co. Down, Ireland.

1869. JHayward, J. High-street, Exeter.

1868. •Hayward, Robert Baldwin, M.A., F.R.S. Fishers, Harrow.
1888. §Hazard/*Rowland R. Little Mulgrave House, Hurlingham.
1879. *Hazlehur8t, George S. Rhyl, North Wales.
1861. §Head, Jeremiah, ’M.InstU.E., F.C.S. Middlesbrough, Yorkshire,
1869. XKeady It. T. The Briars^ Alphingtony Exeter.

1883. IHeadley, Frederick Halcombe. Manor House, Petersham, S.W.
1883. JHeadley, Mra. Marian. Manor House, Petersham, S.W.
1883. §Headley, Rev. Tanfield George. Manor House, Petersham, S.W.
1871. §Healey, George. Brantfield, Bowness, Windermere.
1883. *Heap, Ralph, jun. 1 Brick-court, Temple, London, E.C.
1861. •Heape, Benjamin. Northwood, Prestwich, near Manchester.
1883. JHeape, Charles. Tovrak, Oxton, Cheshire.

1883. jHeape, Joseph R. 96 Tweedale-street, Rochdale.
1882. •Heape, Walter, M.A. Northwood, Prestwich, Manchester.

1877. ^:Hearder, Henry Pollington. Westwell-street, Plymouth.
1877, JHearder, William Keep, F.S.A. 196 Union-street, Plymouth.
1883. jHeath, Dr. 46 Hoghton-street, Southport.

1866. fHeath, Rev. D. J. Esher, Surrey.

1863. I Heath, G. Y., M.D. Westgate-street, Newcastle-on-Tyne.
1884. JHeath, Thomas, B.A. Royal Observatory, Oalton Hill, Edinburgh.
1861. JHeathfield, W. E., F.C.S., F.R.G.S., F.R.S.E. 1 Powis-grovey

Brighton
;
and Arthur’s Club, St. James’s, London, S.W.

1883. JHeaton, Charles. Marlborough House, Hesketh Park, Southport.
1886. :|;Heaton, C. W. Tower House, Belvedere, Kent.
1886. §Heaton, Miss Ellen. Woodhouse-square, Leeds.

1866. fHeaton, Harry. Harhome House, Harbome, near Birmingham.
1884. §Heaviside, Rev. George, B.A., F.R.G.S. The Hollies, Stc^e Green^

Coventry.
1833. JHeaviside, Rev. Canon J. W. L., M.A. The Close, Norwich.
1888. •Heawood, Edward, B.A., F.G.S. Caius College, Cambrid^.
1888. •Heawood, Percy Y., Lecturer in Mathematics at Durham Ihiiversity.

30 Old Elvet, Durham.
1866. IHbotor, Sir James, K.O.M.G., M.D., F.R.S., F.G.S., F.R.G.S.,

Director of the Geological Survey or New Zealand. Wellington,
Zoftlftud*

1867. ^Hed^le, M. Forster, M.D., F.R.S.E. St. Andrews, N.B.

1869. $Hedgeland, Rev. W. J, 21 Mount Radford- Exeter.

1882. tHe^er, Fhilip. Cumberland-place, Southampton.
1887. •Hedges, Killingworth. 26 Queen Anne’s-gate, London, S.W.
1863. $HedIey, Thomas. Cox Lodge, near Newcastle-on-Tyne.

1887. §Hembry, Frederick William, F.R.M.S. Sussex Lodge, Sidcup, Kent.
1^7* tHenderson, Alexander. Dundee.



60 LIST OF MEMBERS.
Tear of
Election.

1873. •Henderson, A. L. 16 Lee-road, Blacklieatb, London, S.E.
1883. ifHenderson, Mrs. A. L. 16 Lee^road, Blackheatb, London, S.E.
1880. •Henderson, Captain W. H., R.N. 21 Albert Hall Mansions,

London, S.W.
1876. •Henderson, William. Williamfield, Irvine, N.B.* ^
1886. Henderson, William. Devanha House, Aberdeen.
1866. JHennessy, Henry G., F.R.S., M.B.I.A., Professor of Applied

Mathematics and Mechanics in *'the Royal College *of Science
for Ireland. Brookvale, Donnybrook, Co. Dublin.

1867, Jllennessy, Sir .John Pope, K.C.M.G., Governor and Commander-in-
Chief of Mauritius.

1873. •Henrtci, Oiatjs M. F. E., Ph.D., F.R.S., Professor of Mechanics
and Mathematics in the City and Guilds of London Institute.

Central Institution, Exhibition-road, London, S.W,
Henry, Franklin. Portland- street, Manchester. n

1873. Henrj^, J. Snowdon. East Dene, l^nchurch, Isle of Wight.
^

•

Henry, Mitchell. Stratheden Houoe, Hyde Park, London, W!
•Henry, William Charles, M.D., F.R.S., F.G.S., F.R.G.S., F.C.S.

Haffield, near Ledbury, Herefordshire!*

1884. :|;Henshaw, George II. 43 Victoria-street, Montreal,*Canada.
1870. jHenty, William. 12 Medina-villas, Brighton.
1856. *Hepbum, ,T. Gotch, LL.B., F.C.S. Dartford, Ktn^.
1856. tHepburn, Robert. 9 Portland-place, London, W.

Hepburn, Thomas. Monkbridge, Robinhood-lane, Sutton, Surrey.
1887. *Herdman, William A., D.Sc., Professor of Natural History in

University College, Liverpool.

1871. •Herschel, Alexantder S., M.A., D.C.L., F.R.S., F.R.A.S.,Honorary
Professor of Experimental Physics in the University of Durham
College of Science, Newcastle-on-Tyne. Observatory House,
Slough, Bucks.

1883. iHerschel, Miss F, Observatory House, Slough, Bucks.
1874. §Herschel, ^Colonel John, R.E., F.R.S., F.R.A.S. Observatory

House, Slough, Bucks.
1883. ifHesketh, Colonel E. Fleetwood. Meol’s Hall, Southport.

1884. §Hewett, George Edwin. The Leasowe, Cheltenham.
1883. IHewson, Tliomas. Care of J. C. C. Payne, Esq., Botanic-avenue,

1881. tlley. Rev. William Croser, M.A. Clifton, York.
1882. Jlleycock, Charles T., B.A. King’s College, Cambridge.
1883. §Heyes, John Frederick, M.A., F.C.S., F.R.G.S. 9 Kingnitreet,

Oxford
;
and 6 Rufford-road, Fairfield, Liverpool.

1866. •Heymann, Albert. West Biidgford, Nottinghamshire.

1879. tHeywood, A. Percival. Duifield Bank, Derby.
1861. •Heywood, Arthur Henry. Elleray, Windermere.
1886. §Heywood, Henry. Cardiff.

•Heywood, James, F.R.S., F.G.S.,y.S. A., F.R.G.S., F.S.S. 26 Ken-
sington Palace-gardens, London, W.

1861. •Heywood, Oliver, J^ P., D.L. Claremont, Manchester.

1887. JHeywood, Robert. Mayfield, Victoria Park, Manchester.
Heywood, Thomas Percival. Claremont, Manchester.

1881. §Hick, Thomas, B.A., B.Sc. Brighton-grove, Rusholme, Manchester.

1888. §Hickens, James Harvey, M.A., F.G.S.^ Radley College, Abingdon.
1876. JHicks, Henry, M.D., F.R.S., F.G.S. Hendon Grove, Hendon,

Middlesex N.W.
1877. §Hick:8, Professor W. M., M.A., F.R.S., Principal of Firth College,

Sheffield. Firth College, Sheffield.
'

1886. §Hicks, Mrs. W. M. Duvheved, Endcliffe-crescent, Sheffield.
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1884. :J;Hick8on, Joseph. 272 Mountain-street, Montreal, Canada.
1887. *Hick80n, Sydney J., M.A. Downing College, Cambridge.
1864. W. P., M.A. Castle House, Barnstaple.
1875. tHiggins, Charles Hayes, M.D., M.RO.P., F.R.O.S., F.R.S.E. Alfred

House, Birkenhead.
1871. ^Higgins, Clement, B.A., F.C.S. 103 Holland-road, Kensington,

London, W.
1854. ^Higgins, Rev. HEenry H., M.A. 29 Falkner-square, Liverpool.

Hildvard, Rev. James, B.D., F.C.P.S. Ingoldsby, near Grantham,
Lincolnshire.

1886. *11111, Alexander, M.A., M.B. Grantchester, near Cambridge.
Hill, Arthur. Bruce Castle, Tottenham, Middlesex.

1880. tHill, Benjamin. Cwmdwr, near Clydach, Swansea.
1883. JHill, Berkeley, M.B.J Professor of Clinical Surgery in University

College, London. 66 Wimpole-street, London, W.
1872. §Hill, Charles, F.S.A. Rockhurst, West Hoathley, East Grinstead.
1881. §Hill, R»v. Edwin, M.A., F.G.S. St. John’s Collie, Cambridge.
1887. Jllill, G. H. Albert-chambers, Albert-square, Manchester.
1884. jHill, Rev. James Edgar, M.A., B.D. 2488 St. Catherine-street,

' Montreal, Canada. ^
1867. §Hill, John, M.Inst.O.E., M.R.I.A., F.R.G.S.I. County Surve^r’s

Office, Eitnis, Ireland.

1871. XHillf Latvrmce. The KnoioCf Greenock.

1886. jiHill, M. J. M. 16 Pembury-road, Lower Clapton, London, E.

.
1881. IHill, Pearson. 50 Belsize Park, London, N.W.
1872. *Hill, Rev. Canon, M.A., F.G.S. Sheering Rectory, Harlow.
1886. *Hill, Sidney. Langford House, Langford, Bristol.

1888. §Hill, William. Hitchiri, Herts.

1876. tmU, William H. Barlanark, Shettleston, N.B.
1^85. *IIiLtHOTrsE, William, M.A., Professor of Botany in Mason Science

College, Birmingham. 96 Ilarborne-road, Edgbaston, Bir-
mingham.

1886. §Hillier, Rev. E. J. Cardington Vicarage, Bedford.

1863. tHills, F. C. Chemical Works, Deptford, Kent, S.E.

1871. *HillB, Thomas Hyde. 226 Oxford-street, London, W.
1887. :|:Hilton, Edwin. Oak Bank, Fallowfield, Manchester.

1868. JHincks, Rev. Thomas, B.A., F.R.S. Stokeleigh, Leigh Woods,
Clifton, Bristol.

1870. JHinde, G. j., Ph.D., F.G.S. Avondale-road, Croydon, Surrey.
1883. *Hindle, James Henry. 67 Avenue-parade, Accrington.
1888. *Hindmar8h, William Thomas. Alnbank, Alnwick.
1886. IHingley, Benjamin, M.P. Hatherton I^ge, Cradley, Worcester-

sliiiTO*

1881. IHingston, J. T. Clifton, York.
1884. JHingston, William Hales, M.D., D.O.L. 37 Union-avenue,

Montreal, Canada.
1884. tHirschfilder, C. A. Toronto, Canada.
1868. |Hirst, John, jun. Dobcross, near Manchester.

1861. *Hirst, T. Archer, Ph.D., F.R.S., F.B^A.S. 7 Oxford and Cam-
bridge Mansions, Ma^lebone-road, London, N.W.

1870. IHitcbman. William, M.I)., LL.D., F.L.S. 144 Phythian-street,
, Low Hill, Liverpool.

1884. JHoadrey, John Ohipman. Boston, Massachusetts, U.S.A.
Hoare, J. Gurney. Hampstead, London, N.W.

1881. §Hobbe8, Robert George. Livingstone House, 374 Wandsworth-road,
London, S.W.

1864. :{:Hb64otiAS, Arthur Farte. 24 Cadogan-place, London, S. TF,
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1864. Charles Parry. 24 Cadoyan-place, London, S. W.
1864. Henry William. 24 Cadoaan-place, London, S. W,
1879. §Hoblrirk, Charles P., F.L.S. West Biding Union Bank, Dews-

bury.

1887. •Hobson, Bernard, B.Sc. Tapton Elms, Sheffield.

1883. JHobson, Rev. E. W. 66 Alnert-road, Southport.
, 1879. §Hobson, John. Tapton Elms, Sheffield.

1877. Jllockin, Edward. Poughill, Stratton, Cornwall. ,

1886. IHocking, Rev. Silas K. 21 Scarisbrick New-road, Southport.
1877. fHodge, Rev. John Mackey, M.A. 38 Tavistock-place, Plymouth.
1876. jHodges, Frederick W. Queen’s College, Belfast.

1862. JHodges, John F., M.D., F.C.S., Professor of Agriculture in QueeM’e
College, Belfast.

1863. •Hodgkin, Thomas. Benwell Dene, Nowcastle-on-Tyne.
1887. •Hodgkinson, Alexander. 18 St. John-street, Manchester.
1880. §Hodgkinson, W. R. Eaton, Ph.D., F.R.S.E., Professor of Chemistry

and Physics in the Royal ^rtillery College,o Woolwich. . 75
Vanbrugh Park, Blackheath, London, S.E.

1873. •Hodgson, George. Thornton-road, Bradford, Yorkshire.

18^. XHodyson, James. Odkfi^ld, Manningham, Bradford, Y(n*kshire.

IsSt. IHodgson, Jonathan. Montreal, Canada.
1863. jHodgson, Robert. Whitburn, Sunderland.
1863. jHodgson, R. W. 7 Sandhill, Newcastle-on-Tyne.
1866. *HorMANN, August Wilhelm, M.D., LL.D., Ph.D., F.R.S., F.C.S.

10 Dorotheen-strasse, Berlin.

1864. *Holcroft, George. Tyddyn-G wladis, Ganllwyd, near Dolgelly, North
Wales.

1883. Jllolden, Edward. I^aurel Mount, Shipley, Yorkshire.

1873. •Holden, Isaac, M.P. Oakworth Ilouse, near Keighley, Yorkshire.
1883. Jllolden, James. 12 Park-avenue, Southport.
1883. :f;Holden, John J. 23 Duke-stieet, Southport.
1884. Holden, INIrs. Mary E. Dunham Ladies^ College, Quebec, Canada.
1867. * Holder, Henry William. Owens College, Manchester.
1887. *Hold8worth, 0. J. Oxenholme, Westmoreland.
1879. :|;Holland, Calvert Bernard. Ebbw Vale, South Wales.

•Holland, Philip II. 3 Heath-rise, Willow-road, Hampstead, Lon-
don, N.W.

1886. Jlloiiidav, J. R. 101 Ilarborne-road; Birmingham.
1865. iHolliday, William. New-street, Birmingham.
1883. i Hollingsworth, Dr. T. S. Elford Lodge, Spring-grove, Isleworth^

Middlesex.
1883. *Holmes, Mrs. Basil. 6 Freeland-road, Ealing, Middlesex, W.
1866. •Holmes, Charles. 69 London-road, Derby. '

1873. ^Holmes, J. R. Southbrook Lodge, Bradford, Yorkshire.
1882. *Holmes, Thomas Vincent, F.G.S. 28 Croom*8-hill, Greenwich.

S.E.
1887, §Holt, Thomas. Atlas Iron Works, Molesworth-street, Rochdale.
1876. •Hood, John. The Elms, Cotham Hill, Bristol.

1847. JHooker, Sir Joseph Dalton, K.C.S.I., C.B., M.D., D.C.L., LL.1).,.

F.R.S., V.P.L.S., F.G.S., F.R.G.S. The Camp, Sunningdale.
1866. •Hooper, John P. Coventry Park, Streatham, London, S.Vi^
1877. •Hooner, Rev. ^muel F., M.A. 39 Lorrimorensquafe, Lond6ii>

S.E.
1856. IHooton, Jonathan. 80 Great Ducie-street, Manchester.
1 842. Hope, Thomas Arthur. 14 Airlie-gardens, Campden Hill^ London,W.
1884. *Hopkin8, Edward M. 3 Upper Berkeley-street, Poirtman-square.

London, W.
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^Hopkins, J. S. Jesmond Grove, Edgbaston, Birraingham.
1884. *HoPKp80N, Charles. 29 Princess-street, Manchester.
1882.

*Hopkinson, Edward, D.Sc. Ireton Bank, Platt-Iane, Rusholme,
Manchester.

1870. *HoPKrNsoN, John, M.A., B.Sc., F.R.S. Holmwood, Wimhledon,
Surrey.

1871. •Hopkinson, John, F.Ty..S., F.G.S., F.R.Met.Soc. 96 New Bond-
' street, London, W.

;
and The Grange, St. Alhans.

1868. IHopkinson, Joseph, jiin. Britannia Works, Huddersfield.
Hornhy, Hugh. Sandown, Liverpool.

1886,

IHome, Edward H. Innisfail, Beulah Hill, Norwood, S.E.
1886. jllome, John’, F.R.S.E., F.G.S. 4J Southside-road, Inverness.
1876. •Home, Robert R. Ij50 Hope-street, Glasgow.
1876. •Horniman, F. J., F.R.G.S., F.L.S. Surrey Mount, Forest Hill,

London, S.E.
1884. "'^Horsfall, Richard. Stoodiey House, Halifax.

1887. fHorsfall, T. 0. Bollin To.1Ver, Alderley Edge, Cheshire.

1866. jHorsley, John H.
,

,1 Ormond-terrace, Cheltenham.
1884. *Hothla"ch, G‘. S. Prince of Wales-road, Norwich.
1868. JHotson, W. C. Upper King-street, Norwich. »

1869. JHougb, Joe^h, M.A., F.R.A.S. Codsall Wood, Wolverhampton.
1886. ^Houghton, F. T. S., M.A. 119 Gough-road, Edghaston, Birming-

ham.
1887. tHouldsworth, Sir W. H., Bart., M.P. Norhury Booths, Knutsford.
1868. ^Hounsfield, James. Hemsworth, Pontefract.

1884. ^Houston, William. Legislative Library, Toronto, Canada.

1883.

•Hovenden, Frederick, F.L.S., F.G.S. Glenlea, Thurlow Park-road,
West Dulwich, Surrey, S.E. '

Hovenden, W. F., M.A. Bath.
1879. •Howard, D. 60 Belsize Park, London, N.W.
1883. §Howard, James Fielden, M.D., M.R.C.S. Sandycroft, Shaw.
1886. §Howard, James L., B.Sc. 20 Oxford-road, Waterloo, near Liver-

pool.

1887. •Howard, S. S. Llanishen Rise, near Cardiff.

1882. IHoward, William Frederick, Assoc.M.Inst.C.E. 13 Cavendish-
street, Chestei’field, Derbyshire.

1883. JHowarth, Richard. York-road, Birkdale, Southport.
1886. "Howatt, David. 3 Birmingham-road, Dudley.
1876. IHowatt, James. 146 Buchanan-street, Glasgow.
1886. §HowdeD, James C., M.D. Sunnyside, Montrose, N.B.
1867. |Howell, Henry H., F.G.S., Director of the Geological Survey of

Scotland. Geological Survey Office, Victoria-street, Edinburgh.
1887. jHowell, J. A. Edward-street, Werneth, Oldham.
1868. JHowell, Rev. Canon Hinds. > Drayton Rectory, near Norwich.
1886. ^Howes, Professor G. B., F.L.S. Science Schools, South Kensington,

London, S.W. « n

1884. ^Howland, Edward P., M.D. 211 41 ^-street, Washington, U.S.A.
‘ 1884. fHowland, Oliver Aiken. Toronto, Can^a.
1866. •Howlbtt, Rev. Frederick, F.R.A.S. East Tisted Rectoiy, Alton,

Hants.
1863. ^HoifoRTH, H. H., M.P., F.S.A. Derby jpfouse, Eccles, Manchester.

1883. {Howorth, John, J.P. Springbank, Burnley . Lancashire.

1883. {Hoyle, James. Blackburn.

1883. {Hoyle, William, Claremont, Bury, Lancashire,

1887. §Hotlb, Willtah E., M.A. 32 Queen-street, Edinbui^.

.

1888. §Hudd, Alfred E., F.S.A. 94 Pembroke-road, Clifton, Bristol.

1888.

^Hudson, C. T., LL.D. 6 Royal-crescent, Clifton, Bristol.
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1835. *Ht7Dson, IIenrt, M.D., M.R.I.A. Glenville, Fermoy, Co. Cork,
1883. Jiev. W, C» 58 Belmont^streetf Southport.

1867. *Hudson, William H. H., M.A., Professor of Mathematics in King^a
College, London. 15 Altenberg-gardens, Clapham Common^
London, S.W.

1858. •Huggins, William, B.C.L. Oxon., LL.D. Camb., F.R.S., F.R.A.S.
Upper Tulse Hill, Brixton, London, S.W.

1857. XHuggon, William, 30 Park~roio, £eeds,

1887. Jllughes, E. G. 4 Roman-place, Higher Broughton, Manchester.
1883. [^Hughes, Miss E. P. Newiiham College, Cambridge.
1871. *Hughes, George Pringle, J.P. Middleton Hall, Wooler, Northum-

berland.

1887. §Hughes, John Taylor. Thorleymoor, Ashley-road, Altrincham.
1870. *Hughes, Lewis. Fenwick-court, Live^ool.
1876. •Hughes, Rev. Thomas Edward. Walliield House, Reigate.
1868. §Hughes, T. M'K., M.A., F.G.S., Woodwardian Professor of Gfeology

in the Universi^ of Cambridge. ^

1865. :|:Hughes, W. R., F.L.S., Treasurer of the Borough of Birmingham*
Birmingham.

1883. JHulke, John Whitaker, F.R.S., F.R.C.S., F.G.S. 10 Old Bur-
lin^on-street, London, W. ,,

1867. §Hull, Edward, M.A., LL.D., F.R.S., F.G.S., ‘Director of the Geo-
logical Survey of Ireland and Professor of Geology in, the Royal
College of Science. 14 Hume-street, Dublin.

•Hulse, Sir Edward, Bart., D.O.L. 47 Portland-place, London, W. ;

and Breamore House, Salisbury.

1887. •Hummel, Professor J. J. Yorkshire College, Leeds.
1884. *Humphreys, A. W. 45 William-street, New York, U.S.A.
1878. l:Humphreys, H. Castle-square, Carnarvon.
1880. ^Humphreys, Noel A., F.S.S. Ravenhuvst, Hook, Kingston-on-

Thames.
1856. ^Humphries, David James. 1 Keynsham-parade, Cheltenham.
1862. *Humphry, George Murray, M.D., F.ILS., Professor of Surgery

in the University of Cambridge. Grove Lodge, Cambridge.
1877. *Hunt, Arthur Roopb, M.A., F.G.S. Southwood, Torquay.
1886. JHunt, Charles. The Gas Works, Windsor-street, Birmingham.
1865. :J:Hunt, J. P. Gospel Oak Works, Tipton.

1884. JHunt, T. Sterry, M.A., D.Sc., LL.D., F.R.S. Park Avenue Hotel.
New York, U.S.A.

1864. ifllunt, W. Folkestone.
1875. *Hunt, William. Northcote, Westbury-on-Trym, Bristol.

1881. ifHunter, F. W. 4 Westmoreland-road, Newcastle-on-Tyne. i

1881. jHimter, Rev. John. University-gardens, Glasgow.
1884. *Hunter, Michael, jun. Greystones, Sheffield.

1869. •Hunter, Rev. Ro^rt. LL.D., F.G.S. Forest Retreat, Staples-road,
Loiighton, Essex. ^

1879. JHuntington, A. K., F.C .S., Professor ofMetallurgy in King’s College, -

London. King’s College, London, W.C.
1885. it^Huntly, The Most Hon. the Marquis of. Aboyne Castle, Aber-

deenshire.

1863. ^Huntsman, Benjamin. West Retford Hall, Retford.
1883. •Hurst, Charles Herbert. Owens College, Manchester.
1869. llHurst, George. Bedford.
1882. jHurst, Walter, B.Sc. West Lodge,.Todmorden.
L66L. •Hurst, William John. Drumaness Mills, Ballynahinch, Usbum,

' Ireland.

JHurter, Dr. Ferlinand. Appleton, Widnes, near Warrington.
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Husband, William Dalla. The Roost, Miles-road, Clifton, Bristol.

1887* §Husband, W. E. 66 Bury New-road, Manchester.

3882. ^Hussey, Captain E. R., R.E. 24 Waterloo-place, Southampton.
1876. IHutcbinson, John. 22 Hamilton Park-terrace, Glasgow.

J8^. *Hutchison, Robert, F.R.S.E. 29 Cheater-street, Edinburgh.
Hutton, Crompton. Harescombe Grange, Stroud, Gloucestershire.

1864. *Hutton, Darnton. 14 Cumberland-terrace, Regent’s Park, London.
N.W.

1867.

JHutton, Henry D. 17 Palmerston-road, Dublin.

1887. §Hutton, J. A. 29 DaP-street, Manchester.

1861. *Hutton, T. Maxwell. Summerhill, Dublin.

1862. JHtjxley, Thomas Henry, Ph.D., LL.D., D.C.L., F.R.S., F.L.S.,
F.G.S. 4 Marlborough-place, London, N.W.

Hyde, Edward. Dakintield, near Manchester.

1883. JHyde, George H. 23 Arbour-street, Southport.

1871. ’"'Hyett, Francis A. Painswick House, Stroud, Gloucestershire.

•

1882. •I’Anson, James, F.G.S. Fairfield House, Darlington.

Ihne, William, Ph.D. Heidelberg.

1873. J. I. 19 Park-place^ Leeds.

1884. Jlles, George. Windsor Hotel, Montreal, Canada.
1886. 4^im-Thurn,^Everard F. British Guiana.

1888. ‘•Ince, Surgeon-Major John, M.D. The Mount House, Farningham,
Kent.

1868. Jlngham, Henry. Wortlev, near Leeds.

1871. JInqlis, The Right Hon. /ohn, D.C.L., LL.D., Lord Justice-General

. of Scotland. Edinburgh.
1876. JInglis, John, jun. Prince’s-terrace, Dowanhill, Glasgow.
1883. X^ngranif JRev. L. C. Church-street

j
Southport.

1862. JIngram, j. K., LL.D., M.R.I.A., Librarian to the University ot

Dublin. 2 Welhngton-road, Dublin.

1886. ^Ingram, William, M.A. Gamrie, Banff.

1886, §Inne8, John. The Limes, Alcester-road, Moseley, Birmingham.
1882. §Irving, Re% A., B.A., B.Sc., F.G.S. Wellington College, Woking-

ham, Berks.

1888, §Isaac, J, F. V. Freahford House, Freshford, Bath.

1883. Jlsherwood, James. 18 York-road, Birkdale, Southport.

1881. ^Ishiguro, Isoji. Care of the Japanese Legation, 9 Cavendish-square,

London, W.
1887. §Ito, Tokutaro. 14 Masagochio, Hongo, Toldo, Japan.

1886. fizod, William.* Church-road, J^gbaston, Birmingham.

1869. JJack, John, M.A. 33elhelvie-W-Whitecairns, Aberdeenshire.

1884. |Jack, Peter. People’s Bank, Halifax, Nova Scotia, Canada.
1876. *Jack, William, LL.D., Professor of Mathematics in the University of

Glasgow. 10 The College, Glasgow.
1883. *Jackson, A. H. College of Pharmacy, Melbourne, Australia.

1879, JJackson, Arthur, F.R.O.S. WiUdnson-street, Sheffield.

1883. JJackson, Mrs. Esther. 16 East Park-terrace, Southampton,

1883. Jj^|ckson, Frank. 11 Park-crescent, Southport.

1883. *Jack8on, F. J. 1 Morley-road, Southport.

1883. IJackson, Mrs. F. J. 1 Morley-road, Southport.

1874, *Jackson, Frederick Arthur. Belmont, Lyme Regis, Dorset.

18^. §Jac,ksou, George. Clareen, Higher Warberry, Torquay.

1887. *Jackson, George. 63 Elizabeth-street, Cheetham, Manchester.

1885. IJackson, Henry. 19 Golden-square, Aberdeen.
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1866. tJackson, H. W., F.R.A.S., F.Q.S. 15 The Terrace, High-road,
liewlsham, S.E.

1869.

§Jackson, Moses. The Vale, Ramsgate.
1863. *Jackson-Gwilt, Mrs. H. Moonbeam Villa, The Grove, New Wim-

bledon, Surrey. *
^

1887. §Jacobson, Nathaniel. Olive Mount, Cheetham Hill-road, Manchester.

J
874. *Jaffe, John. Fdenvale, Strandtown, near Belfast.
866. •JafFraj’^, John. Park-grove, Edgbastoir, Birmingham.

1872. 1James, Christopher. 8 Laurence Pountney-hill, London, E.O.
1860. fJames, Edward H. Woodside, Plymouth.
J886. ^James, Frank. Portland House, Aldridge, near Walsall.
1886. *James, Harry Berkeley, F.R.G.S. 16 Ashburn-place, London, S.W.
1863. *Jame8, Sir Walter, Bart., F.G.S. 6 WhitehaU-gardens, London,

S.TV.
1868. i^James, William O. Woodside, Plymouth.
1884. Jameson, W. C. 48 Baker-street, Portman-square, London, W.
1881. :|;Jamie8on, Andrew, Principal of t^e College of Science and Arts,

Glasgow.
1887. §Jamieson, G. Auldjo. 3 Drumslieugh-gardans, Edinburgh.
1886. tJamieson, Patrick. Peterhead, N.B- ,

1886.
:t^
Jamieson, Thomas. 173' Union-street, Abeideen.

1869. *Jamieson, Thomas F., F.G.S. Ellon, Aberdeenshi-rS.
1860. tJardine, Alexander. Jardine Hall, Lockerby, Dumfriesshire.
1863. *Jarratt, Rev. Canon J., M.A. North Cave, near Brough, Yorkshire.

1870.

tJ«-rrold, John James. London-street, Norwich.
1886. §Jefrcock, Rev. John Thomas. The Rectory, Wolverhampton.
1866. §Jeffery, Henry M., M.A., F.R.S. 9 Dunstanville-terrace, Fal-

mouth.
1866. *Jefiray, John. Winton House, Kelvinside, Glasgow.
1883. Miss Gwyn, 1 The Terrace^ Kensingtorif Londotij IV.

1867. JjetFreys, Howel, M.A., F.R.A.S. Pump-court, Temple, London,
E.C.

1886. §Jeffreys, Dr. Richard Parker. Eastwood House, Chesterfield.

1887. §Jeffs, Osmund W. 12 Queen’s road. Rock Fer:^, Cheshire.
1881. iJ:riLLicoE, C. W. A. Southampton. *
1864. JJelly, Dr. W. Aveleanas, 11, Valencia, Spain. •

1873. §Jenkins, Major-General J. Jl 16 St. James’s-square, London, S.W.
1880. *Jenkins, Sir John Jones. The Grange, Swansea.
1862. :J:Jennings, Francis M., F.G.S., M.R.I.A. Brown-street, Cork.
1872. jjennings, W. 13 Victoria-street, London, S.W.
1878. |Jephson, Henry L. Chief Secretary’s Office, The O^tlo, Dublin.

Jessop, William, jun. Overton Hall, Ashover, Chesterfield.

1884. 5:Jewell,, Lieutenant Theo. F. Torpedo Station, Newport, Rhode
Island, U.S.A,

1884. JJohns, Thomas W. Yarmouth, Nova Scotia, Canada.
1884. §Johnson, Alexander, M.A., LL.D., Professor of Mathematics in

McGill University, Montreal. 6‘Prince of Wales-terrace, Mont*
real, Canada.

1883. IJohnson, Miss Alice. XslandafT House, Cambridge.
1883. fJohnson, Ben. Micklegate, York.

1871.

•Johnson, David, F.O.S., F.G.S. 62 Fitzjohn’s-avenmg, South
Hampstead, Loipdon, N.W.

1881. ^Johnson, Major E. Cecil. Junior United Service Club, Charles*
street, Loudon, S.W. «

1883. Johnson, Edmund Litler. 73 Albert-road, Southport.
186^. •Johnson, G. J. 36 Waterloo-street, Birmingham.
1888. '§Johnson, J. G. Southwood Court, Higbgate, London, N.
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^
1876* iJohnson^ James Henry, F.Q.S. 73 All)ert-road, Southport.

<^1872. ^Johnson, J. T. 27 Dale-street, Manchester.
1870. iJohnson, Richard 0., F.R,A.S. 19 Catherine-street, Liverpool.
1863. ^Johnson, R. S. Hanwell, Fence Houses, Durham.

188J. iJohnson, Samuel George. Municipal Offices, Nottingham.
1887. JJohnson, W. H. Woodleigh, Altrincham, Cheshire.

1888. JJohnson, W. H. F. Llandaif House, Cambridge.
1883. JJohnson, William. Harwood, Roe-lane, Southport.
1861. fjohnson, William Beckett. Woodlands Bank, near Altrincham,

" Cheshire.

1883. Johnston, H. H. Tudor House, Chanmion Hill, London, S.E.
1869. Jjohnston, James. Newmill, Elgin, N.B.
1864. 1Johnston, James. Manor House, Northend, Hampstead, London,

N.W. ,

1884. IJohnston, John L. 27 St. Peter-street, Montreal, Canada.
1883. §Johnston, Thomas. Broomeleigh, Seal, Sevenoaks.
1884. iJohnston,•Walter R. Fort QirAppele, N.W. Territory, Canada.
1884. *John8ton, W. H. 6 Latiiam-street, Preston, Lancashire.

1886. IJohnston-Lavis, H. J., M.D., F.Q.S. Palazzo Caramanico, Ohiato-
mone, Naples.

1886. IJohnstone,
(J.

H. Northampton-street, Birmingham.
1864. •Johnstone, Janies. Alva House, Alva, by Stirling, N.B,
1876. IJohnstpne, William. 6 Woodside-terrace, Glasgow.
1864. jjolly, Thomas. Park View-villas, Bath.
1871. JJoLLY, William, F.R.S.E., F.G.S., II.M. Inspector of Schools.

St. Andrew’s-road, Pollokshields, Glasgow.
1888. §Jolly, W. 0. Home Ijea, Lansdown, Bath.
1888. §Joly, John. 39 Waterloo-road, Dublin.

1881. Jjones, Alfred Orlando, M.D. Cardigan Villa, Harrogate.

1849. IJones, Baynham. Walmer House, Cheltenham.
1887. Jjones, D. E., B.Sc. University College, Aberystwith.

1887. iJones, Francis. Beaufort House, Alexandra f*ark, Manchester.
1883. •Jones, George Oliver, M.A. 6 Cook-street, Liverpool.

1884. ^Jones, Rev. Harry, M.A. 8 York-gate, Regent’s Park, London,4^.W.
1877. JJones,

Henry C.,' F.C.S. Normal School of Science, South Kensing-
ton, London, S.W.

1883. ifiJones, Rev. Canon Herbert. Waterloo, Liverpool.

1881. Jjones, J. Viriamu, M.A., B.Sc., Principal of the University College

of South Wales and Monmouthshire. Cardiff.

1873. |Jones, Theodore B. 1 Finsbury-circus, London, E.O.
1880. JJones, Thomas. 16 Gower-street, Swansea.
1860. tJones, Thomas Rupert, F.R.S., F.G.S. 10 <Jverdale-road, King’s-

road, Chelsea, London, S.W.

1883.

" JJones, William. Elsinore, Birkdale, Southport.

1876. •Jose, J. E. 11 Oressington Park, Liverpool.

1884. :|;Jo8eph, J. H. 738 Dorche^er-street, Montreal, Canada;
1876. *Joule, Benjamin St. JohU 'B., J.P. 12 Wa^e-road, Sale, near

1842. •Joule, James Prescott, LL.D,, F.R.S.,*F.C.S. 12 Wardle-road,
Sale, near Manchester.

1847. tJowBiP, Rev. B., M.A., Regius Professor of Greek in the University

of Oxford. Balliol College, Oxford.

1868. tJowett, John. Leeds.

1879. fJowitt, A. Hawthorn Lodge, Clarkehouse-road Sheffield.
' 1872. JJoy, Algernon, Junior United Service Club, St. /James’s, London,

S.W,
1848. •Joy, Rev. Charles Ashfield. W^’est Hanney, Wantage, Berkshire.
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1883. JJoyce, Rev. A. G., B.A. St. John’s Croft, Winchester,
1886. §Joyce, The Hon. Mrs. St. John’s Croft, Winchester.
1848. *Jubh, Abraham. Halifax. «

1870. $Jtjdd, John Weslex, F.R.S., F.G.S., Professor of Geology in the
Royal School of ]^nes. Huietleigh, Kew4,

,

1883. ^Justice, Philip M. 14 Southampton-buildings, Chancery-lane,
London, W.C.

1868. •Kaines, Joseph, M.A., D.Sc. 8 Osborne-road, Stroud Green-road,
London, N.

Kane, Sir Robert, M.D., LL.D., F.R.S., M.R.I.A., F.C.S. Fort-
lands, Killiney, Co. Dublin. •

1888. §Kapp, Gisbert. Stanley Villa, Wimbledon, Surrey.
1887. JKay, Miss. Hamerlaund, Broughton' Park, Manchester.
1869. JKay, David, F.R.G.S. 19 Upper PhiUimore-place, Kensington,

London, W.
Kay, John Ounliff. Fairfield Hsll, near Skipton. *

1883. |Keame, John H. Westclifle-road, Birkdale, Southport.
1884. i^Keefer, Samuel. Brockville, Ontario, Canada
1884. :(Keefer, Thomas Alexander. Port Arthur, Ontario, Canada.
1876. "Keeling, George William. Tuthill, Lydney.
1886. JKeen, Arthur, J.P. Sandyford, Augustus-roai, Birmingham.
1878. *Kelland, William Heniy. 110 Jermyn-street, London, S.W. ; and

Grettans, Bow, North Devon.
1887. JKellas-Johnstone, J. F. 69 Princess-street, Manchester.
1884, ^Kellogg, J. H., M D. Battle Creek, Michigan, U.S.A.
1864. *Kelly, W. M., M.D. 11 The Crescent, Taunton, Somerset.
1886. §Keltie, J. Scott, Librarian R.G.S. 1 Savile-row, London, W.
1887. §Kemp, Harry. 264 Stretford-road, Manchester.
1853. ^Kemp, Rev. Henry William, B.A. The Charter House, Hull.
1884. JKemper, Andrew C., A.M., M.D. 101 Broadway, Cincinnati,

U.S.A.
1876. i^KENNEDT, Alexander B. W., F.R.S., M.Inst.C.E.y Professor of

• Engineering in University College, liondon.
1884. :fKennedy, George L., M.A., F.G.S., Professor of Chemist^ and

Geology in hang’s College, Windsor, Nova Scotia, Canad£
1876. ^Kennedy, Hugh. Redclyffe, Partickhill, Glasgow.
1884. i^Kennedy, John. 113 University-street, Montreal, Canada.
1884. ^Kennedy, William. Hamilton, Ontario, Canada.
1886. ;};Kenrick, George Hamilton. Whetstone, Somerset-road, Edgbaston,

Birmingham.
Kent, J. C. Iievant Lodge, Earl’s Croome, Worcester.

1886. §Kenward, James, F.S.A. 280 Hagley-road, Birmingham.
1867. *Ker, Andrd Allen Murray. Newbliss House, Newbuss, Ireland.

1866. *Ker, Robert. Doi:wal8ton, Milngavie, N.B.
1876. $Ker, William. 1 Windsor-terrace West, Glasgow,
1881. j:Kermode, Philip M. C. Ramsay, Isle of Man.
1884. {Kerr, James, M.D.^ Winnipeg, Canada.
1887. {Kerr, James. Dunkenhalgn, Accrington.
1883. §Kerr, Dr. John. Garscadden House, near Kilpatrick, Glasgow.
1887. ^Kershaw, James. Holly House, Bury New-road, MsEphester.
1869. •Kesselmeyer, cCharles A. Villa *Mon Repos,’ Altrincham,

Cheshire.

1869. ^Eesselmever, William Johannes. Villa * Mon Repos,’ Altrincham,
Cheshire.

1861. *Keymer, John. Parkeivstreet, Manchester.
1883. ^Keynes, J. N., M.A., B.Sc., F.S.S. 6 Harvey-road, Cambridge.
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1876. IKidston, J. B. West Regent-street, Glasgow.
1886. §Kn)8TON, Robert, F.R.S.E., F.G.S. 24 Victoria-place, Stirling.

1876. fKidston; William. Femiegair, Helensburgh, N.B.
1885. •Kilgour, Alexander. Loirston House, Cove, near Aberdeen.
1865. *Kinahan, Sir Edward Hudson, Bart, M.R.l.A. 11 Merrion-square

North, Dublin.
1878. :{;Einahan, Edward Hudson, jun. 11 Merrion-square North, Dublin.
1860. iKiRAHAN, G. Henry, M.R.I.A. Geological Survey of Ireland, 14

Hume-street, Dublin.
1875. *Kinch:, Edward, F.O.S. Royal Agricultural College, Cirencester.
1888. §King, Austin J. Winsley Hill, Limpley Stoke, Bath.
1872. *Kingf Mrs. M. 34 Comwall-roadf TVestboume Park, London^ JjT,

1888. *King, E. Powell. Wainsford, Lymington, Hants.
1883. *King, Francis. Thornhill, Penrith.

1875. *King, F. Ambrose. Avonside, Clifton, Bristol.

1871. *King, Rev. Herbert Poole. St. ,Oswald’s College, Ellesmere,
Sal5p.

1865. JKing, James. Levemholme, Hurlet, Glasgow.
1883. *King, John Godwin. Wainsford, Lymington, Hants.
1870. JKing, John Thomson. 4 Clayton-square, Liverpool.

King, Jogpph. Welford House, Greenhill, Hampstead, London,
N.W. -

1883. *King, Joseph, jun. 44 Well-walk, Hampstead, London, N.W.
1860. *King, Mervyn Kersteman. 1 Vittoria-square, Clifton, Bristol.

1876. *King, Percy L. Avonside, Clifton, Bristol.

1888. §King, Richard. Grosvenor Lodge, Bath.
1870. tKing, William. 5 Beach Lawn, Waterloo, Liverpool.

1869. JKingdon, K. Taddiford, Exeter.

1861. ^Kingsley, John. Ashfield, Victoria Park, Manchester.

1876. ^Kingston, Thomas. The IJmes, Clewer, near Windsor.
1876. §Kingzbtt, Charles T., F.C.S. Trevena, Amhurst Park, London, N.
1867. iKinloch, Colonel. Kirriemuir, Logie, Scotland.

1870. ^Kinsman,' William R. Branch Bank of England, Liverpool.

1860. iEiRKMAN, Rev. Thomas P., M.A., F.R.S. Croft Rectory, near
Warrington.

1876. JKirsop, John. 6 Queen’s-crescent, Glasgow.
1883. JKirsop, Mrs. 6 Queen’s-crescent, Glasgow.
1870. IBatchener, Frank E. Newcastle, Staffordshire.

1886. jKlein, Rev. L. Martial. University College, Dublin.

1869. jKnapman, Edward. The Vineyard, Castle-street, Exeter.

1886. §Knight, J. M. Bushwood, W’^anstead, Essex.
1883. :{;Enight, J. R. 32 Lincoln’s Inn-helds, London, W.C.
1888. §Knott, Cargill G., D.Sc., F.R.S.E. Tokyo, Japan.
1872. *Knott, George, LL.B., F.R.A.S. Knowles Lodge, Cuckfield, Hay-

ward’s Heath, Sussex.

1887. •Knott, Herbert. Wharf ;Street Mills, Ashton-under-Lyne.

1887.

*Knott, John F. Staiveleigh, Stalybrid^, Yorkshire.

1^7. JKnott, Mrs. Staveleigh, Stalybridge, Yorkshire.

1^7. §Knott, T. B. Ellerslie, Cheaole Hulme, Cheshire.

1878. •Knowles, George. Moorhead, Shipley, Yorkshire.

L872. IKnowles, James. The Hollies, Clap&am Common, S.W.
1870. IKnowles, Rev. J. L. 103 Earl’s Court v^ad, Kensington, Lon-

don, W.
L874. IKnowles, WUliam James. Flixton-place, Ballymena, Co. Antrim.
L8^. jKhowlys, Rev. C. Hesketh. The Rectory, Roe-lane, Southport.

L888. IKnowl^, Mrs. C. Hesketh. The Rectory, Roe-lane, Southport.

L870. |Kmox, David N., M.A., M.R, 24 Elmbank-crescent, Glasgow.
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*Knox, Geoi^e James. 29 Portland-terrace, Regent’s Park, London,
N.W.

1875. *Knul:)ley, Rev. E. P. Staveley Rectory, Leeds.
1883. JKnubley, Mrs. Staveley Rectory, Leeds.
1888. *Kunz, G. F. IT. S. Geological Survey, Washington, tl.S.A.

1881. JKurohe, Hiroo. Legation of Japan, 9 Cavendish-square, London, W,
1870. JKynaston, Josiah W., F.O.S. Kensipgton, Liverpool.

1866. jKynnersley, J. C. S. The Leveretts, Handsworth, Birmingham.
1882. \Kyshe, John B. 19 RoyaUavenuey Sloane-aquarey London S. VT.

1858. ifLace, Francis John. Stone Gapp, Cross-hill, Leeds.

1884. ILaflamme, Rev. Professor J. C, K. Laval University, Quebec,
Canada.

1885. *Laing, J. Gerard. I Elm-court, Temple, London, E.C.
1870. ILaird, H. II. Birkenhead.
1870. §Laird, John. Grosven<w-road, Olanghton, Birkenhead.
1882. ILake, G. A. K., M.D. East Park«terrace, Southampton.
1880. |XaA:c, Samuel. Milford Docks

y
Milford Haven.

1877. ILake, W. 0., M.D. Teignmouth.
1869. ILalor, John Joseph, M.R.I.A. City Hall, Cork HiH, Dublin.
1887. jLamb,*Horace, M.A., F.R.S., Professor of Pure Mathematics in the

Owens College, Manchester. Manchester.
1887. :):Lamb, James. Kenwood, Bowdon, Cheshire.
1883. ifLamb, W. J. 11 Glo,ucester-road,Birkdale, Southport.
1883. ILambert, Rev. Brooke, LL.B. The Vicarage, Greenwich, Kent, S.E.
1884. jLamborn, Robert H. Montreal, Canada.

1884.

^[Lancaster, Alfred. Fern Bank, Burnley, Lancashire.

1871. jLancaster, Edward. Karesforth Hall, Barnslejr, Yorkshire.
1886. ^Lancaster, W. J., F.G.S. Colmore-row, Birmingham.
1877. ILandon, Frederic George, M.A., F.R.A.S. 69 Tresillian-road, St.

John’s, S.E.
1883. ^Lang, Rev. Gavin. Inverness.

1869. ILang, Rev. John Marshall, D.D. Barony, Glasgow. ^

1886. *Langlbt, j. N., M.A., F.R.S. Trinity Qolle^, Cambridge.
1870. ILangton, Charles. Barkhill, Aigburth, Liverpool.
1866. :fLANKESTER, E. Rat, M.A., LL.D., F.R.S., Professor of Comparative

Anatomy and Zoology in University College, London. 46
Grove End-road, London, N.W.

1880. •Lansdbll, Rev. Henry, D.D., F.R.A.S., F.R.G.S. Care of Mr.
Wheldon, 68 Great Queen-street, Lincoln’s Inn-fields, London,
W.C.

Lanyon, Sir Charles. The Abbey, White Abbev, Belfast.

1884. Lanza, Professor G. Massachusetts Institute of Technology, Boston,
U.S,A.

1878. JLapper, E., M.D. 61 Harcourt-street, Dublin.
1886. iLapraik, W. 9 Malfort-road, Denmark Hill, London, S.E.
1885. JLarworth, Charles, LL.D.j F.R.S., F.G.S., Professor of Geology

'and Mineralo^ ^ the Mason Science College, Birmingham. 46
George-road, Edgbaston, Birmingham.

1887. §LarmOr, Alexander. Clare College, Cambridge.
1881. ILarmor, Joseph, M.A., Professor of Natural Philosophj^ in Quesn’s

College, Gal’^i^.
1883..|Lascelles, B. P. Harrow,

1876.

* •Latham, Baldwin, M.In8t.0.E., F.G.S, 7 WestminsteiHshamberl,
Westminster, S.W,

1870. fLAHOHTON, John Knox, M.A., F.B.G.S. 130 Sinclair-road, West
Kensington Park, London, W.
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1888. §LAxrBiE, Colonel R. P., O.B,, M.P. 36 Raton-place. London.
S.W.

1883. ^Laurie, Major-General. ^ Oakfield, Nova Scotia.-

3870. •Law, Channell. llshani Dene, Torcjuay.

1878. :|:Ijaw, Henry; M.Inst.C.E. 9 Victoria-chambers, London, S.W.
1^2. jLaw, Rev. James Edmund, M.A. Little Shelford, Cambridgeshiro.
1884. §Law, Robert. 11, Cromwell-terrace, West Hill Park, Halifax,

Yorkshire. •

1870. ^Lawrence, Edward. Aigburth, Liverpool.

1881. fl<awrence, Rev. F., B.A, The Vicarage, Westow, York.
1876, JLawson, George, Ph.D., LL.D., Professor of Chemistry and Botany.

Halifax, Nova Scotia.

1886. ifLawson, James. 8 Church-street, Huntly, N.B.
1808. *Lawson, M. Alexander, M. Ai, F.L.S. Ootacamund, Bombay.
1863. :J:Lawton, William. 6 Victoripr-terrace, Demngham, Hull.
1888.. §Layard, Miss Nina F. Turleigh House, near Bradford, Yorkshire.
1866. ‘jLea, Henry. 38 BennetS’^-hill, Birmingham.
1883. *Leach, Charles Catterall. Care of Swan & Leach (Limited), 141

Brig^te, Leeds. ,

1883. §Leach, John. Haverhill House, Bolton.

1876. ILeach, Colonel R. E. Mountjoy, Phoenix Park, Dublin.

1870. *Leaf, Chai1e.s John, F.L.S., F.&.S., F.S.A. 6 Sussex-place, Regent’s
Park, London, N.W.

1884. *Leahy, John White, J.T*. South Hill, Killamey, Ireland.

1884. i^Learmont, Joseph B. 120 Mackay-street, Montreal, Canada.
1847. •Lbatham, Edward Aldam, M.P. Whitley Hall, Huddersfield

j

and 46 Eaton-square, London, S.W.
1863. ^Leavers, J. W. The Park, Nimingham.
1884. •Leavitt, Erasmus Darwin. 604 Main-street, Cambridgeport, Mas>>

sachusetts, U.S.A.
1872. :t:LBB0DB, Q. A,, M.A., F.G.S., Professor of Geology in the Col-

lege of Physical Science, Newcastle-on-Tyne.
3884. JLeckie, R. G. Springhill, Cumberland County, Nova Scotia.

1883. JLee, Daniel W. Halton Bank, Pendleton, near Manchester.
1861. ILiee, Henry, M.P. Sedgeley Park, Manchester.
1883. jLee, J. H. Warburton. Rossall, Fleetwood.
1887. *l<ee. Sir Joseph Cooksey. Park Gate, Altrincham,
1884. •licech, Bosdin T. Oak Mount, Temperley, Cheshire.

1887. JLeech, D. J. Elm House, Whalley Range, Manchester.
1886. •liees, Lawrence W. Claregate, Tettenhall, Wolverhampton.
3882. |Lees, R. W. Moira-place, Southampton.
1869. JLees, William, M.A. St. Leonard’s, Morningside-place, Edinburgh.
1883. *3Lieese, Miss H. K. Fylde-road Mills, Preston, Lancashire.

,
*Iieese, Joseph. Fylde-road Mills, Preston, Lancashire.

1883. ILeese, Mrs. Hazeldene, Fallowfield, Manchester.
1881. JLb Feuvre, j. E. Southampton.
1872. JLbpevre, The Right H<&. G. Shaw, M.P., F.R.G,S, 18 Bryan-

ston square, liondon, W.
•Lbfroy, General Sir John Hbnry, R.A., K.C.M.G., C.B., LL.D.,

F.R.S., F.R.G.S. 82 Qiieen’s-gate, London, S.W.
*Leglju Lieut.-Colonel George Cornwall. High Legh Hall, Cheshire.

1869. $lie urice, A. J. Trereife, Penzance. *
1868. JIjBIOestbb, The Bight Hon. the Earl of, K.G. Holkham, Nor-

folk. *
.

1861. *Leigh, Henry. Moorfield, Swinton, near Manchester.
1866, tl^BiOH, The Right Hon. 3Liord, D.C.L. 37 Portman-eqnare,

Liondon, W. ; and Stoneleigh Abbey, Kenilworth.
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1886. §Leipnier, Adolph, Professor of Botany in University College, Bristol.

47 Hampton Park, Bristol.

1867. JLeishman, James. Gateacre Hall, Liverpool.

1869. jLeith, Alexander. Glenkindie, Inverkindie, N.B.
1882. §Lemon, James, M.Inst.O.E. 11 The Avenue, Southampton.

. ^

1863. *Lbndy, Major Auguste Frederic, F.L.S., F.G.S. Suimuiy Hotlsei
Sunbury, Middlesex.

1867. [fLeng, John. *Advertiser* Office, DiAidee.

1878. jLennon, Rev. Francis. The College, Maynooth, Ireland.

Lentaigne, Joseph. 12 Great Denmark-street, Dublin.
1887. *Leon, John T. 88 Portland-place, London, W.
1871. ^Leonard, Hugh, F.G.S.

,
M.R.I.A., F.R.G.S.I.«> St. David’s, Mala-

hide-road, Co. Dublin.
1874. jLepper, Charles W. Laurel Lodge, Belfast.

1872. XTjermity Rev. Dr. School SousCy Dedham.
1884. §Lesage, Louis. City Hall, Montrw^J, Canada.
1871. +Leslie, Alexander, M.Inst.C.E. 7^ Georgenstreet, Edinburgh!
1883. §Lester, Thomas. Fir Bank, Penrith.

1880. ^Letcher, R. J. Lansdowne-terrace, Walters-road, Swansea.
1887. tLeverkus, Otto. The Downs, Prestwich, Manchester.
1887. *Levin8tein, Ivan. Villa Newberg, Victoria Park, Manchester.
1879. JLewin, Colonel, F.R.G.S. Garden Comer House,*’ Chelsea Embank-

ment, London, S.W.
1870. ^Lewis, Alfred Lionel. 64 Highbury-hill, London, N.
1884. •Lewis, Sir W. T. The Mardy, Aberdare.
1863. :t^Liddell, George "William Moore. Sutton House, near Hull.
1860. JLiddell, The Very Rev. H# G., D.D., Dean of Christ Church,

Oxford.
1887. JLiebermann, L. 64 Portland-street, Manchester.
1876. tLietke, J. O. 30 Gordon-street, Glasgow.
1887. *Lightbown, Henry. Weaste Hall, Pendleton, Manchester.
1862. JLilford, The Right Hon. Lord, F.L.S. Lilford Hall, Oundle, North-

amptonshire.
•Limerick, The Right Rev. Charles Graves, Lord Bishop of, D.D.,

F.R.S., M.R.I.A. The Palace, Henry-street, Limerick.
1887. JLimpach, Dr. Crumpsall Vale Chemical Works, Manchester.
1878. JLincolne, William. Ely, Cambridgeshire.
1881. *Lindley, William, M.Inst.C.E., F.G.S. 10 Kidbrooke-terrace, Black-

heath, London, S.E.
1870. JLindsay, Thomas, F.C.S. Maryfield College, Ma^hill, by Glasgow.
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1863. ^Maughan, Rev. W. Benwell Parsonage, Newcastle-on-Tyne.
1863. *Maw, George, F.L.S., F.Q.S., F.S.A. Kenley, Surrey.
1^6, :];Maxton, Johh. 6 Belgrave-terrace, Glasgow.
1864. *Maxwell, Francis. 4 Moray-place, Edinburgh.
1887. JMaxwell, James. 29 Princess-street, Manchester.

•Maxwell, Robert Percefb.!. Finnebrogue, Downpatrick.
1883. §May, William, F.G.S., F.R.G.S. Noi-thfield, St. Mary Cray,

Kent.
1883. ^Mayall, George. Clairville, Birkdale, Southport.
1868. XMixyaUy J, JSi, F.C^S. StorKs Nesty Lancing

y
Sussex.

1884. •May bury, A. C., D.Sc. 19 Bloomsbury-square, London, W.C.
1835. Mayne, JEdward Ellis; Rocklands, Stillorgan, Ireland.

1878.

*Mayne, Thomas, M.P. 83 Oastle-street, Dublin.
\^^. \Mea>sey George JD. Lydn^/y Gloucestershire.

1878. §Meath, The Right Rev. C..P. Reichel, D.D., Bishop of. Dundrum
Castle, Dublin.

1884. IMecham, Arthur, '^^l Newton-terrace, Glasgow.
1881. +Meek, Sir James. Middlethorpe, York.
1871. jMeikie, James, F.S.S. 6 St. Andrew’s-square, Edinburgh.
1879. §Meiklejohn,'John W. S., M.D. 105 Holland-road, London, W.
1887. §Mei8chke-Smith, W. 31 Plantage, Amsterdam.
1881. •Mbldola, Raphael, F.R.S., F.R.A.S., F.O.S., F.I.O., Professor of

Chemistry in the Finsbury Technical College, City and Guilds
of London Institute. 6 Brunswick-square, London, W.C.

1867. JMbldrum, Charles, C.M.G., M.A., F.R.8., F.R.A.S. Port Louis,
Mauritius.

1888. tMellis, Rev. James. 23 Park-street, Southport.

1879. •Mellish, Henry. Hodsock Priory, Worksop.
1866. JMbllo, Rev. J. M., M.A., F.G.S. Mapperley Vicarage, Derby.

1883. §Mello, Mrs. J. M. Mapperley Vicarage, Derby.
1881. §Melrose, James. • Clifton, York.
1887. |Melvill, J. Cosmo, M.A. Kersal Cottage, Prestwich, Manchester.

1847. ^Melville, Professor Alexander Gordon, M.D. Queen’s College, Gal-
way.

1863. i^Melvin, Alexander. 42 Buccleuch-place, Edinburgh.
1877. •Menabrea, General Count, LL.D. 14 Rue de I’Elys^e, Paris.

1862. §MBNirBLL, Henry T. St. Dunstan’s-buildings, Great Tower-street,
London, E.O.

1879. §Mbrivalb, John Herman, M.A., Professor of Mining in the College
of Science, Newcastle-on-Tyne.

1879. XMerivaley Walter. Indian Midland Itailioayy Sangor.

1877. JMerrifield, John, Ph.D., F.R.A.S. Gascoigne-place, Plymouth.
1880. |Merry, Alfred S. Bryn Heulog, Sketty, near Swansea.
1863. :t:Me8sent, P. T. 4 Northumberland-terrace, Tynemouth.
1869. JMiall, Louis 0., F.G.S., ^*rofessor of Biology in Yorkshire College,

Leeds.

1886. JMiddlemore, Thomas. Holloway Head^ Birmingham.
1866. |Middlemore, William. Edgbaston, Birmingham.
1881. •Mi<Mlesbrough, The Right Rev. Richard Lacy, D.D., Bishop of.

Middlesbrough. * •

1883. §Middleton, Henry. St. John’s College, Cambridge.

1881. jMiddleton^ R. Morton, F.L.S., F.Z.S. Ijudworth Cottage, Castle

Eden, Co. Durham. «

1886. •Middleton, Robert T. 197 West George-street, Glasgow.

1886. i^Miles, Charles Albert. Buenos Ayres.



70 LIST OF MEMBERS.
Year of
Blection.

1881. §Miles, Morkis. Warbourne, Hill-lane, Soutbampton.
1886. §Mill, Hugh Robert, D.Sc., F.R.S.E., F.O.S. 8 Qlenorchy-terrace,

Edinburgh.
1859. ^Millar, John, J.P. Lisburn, Ireland.

1863. jMillar, John, M.D., F.L.S., F.Q.S. Bethnal House, Canibridge-roc^,
London, E.

Millar, Thomas, M.A., LL.D., F.R.S.E. Perth.
1876. Millar, William. Highfield House, Hennistoun, Glasgow.
1876. jMillar, W. J. 145 Hill-street, Garnethill, Glasgow.
1882. :|:Miller, A. J. 12 Cumberland-place, Southampton.
1876. ^Miller, Daniel. 258 St. George^s-road, Glasgow.
1876. jMiller,-George. Brentry, near Bristol. *

1884. jMiller, Mrs. Hugh. 61 Lauriston-nlace, Edinburgh.
1888. §Miller, J. Bruce. Rubislaw Den North, Aberdeen.
1885. JMiller, John. 9 Rubislaw-terrace, Aberdeen.
1886. §Miller, Rev. John. The College, Weymouth.
1861. *Miller, Robert. Cranage Hall, Holmes Chapel, Cheshire.
1876. •Miller, Robert. 1 Lily Bank-terrace, Hillhead, Glasgow.

1884.

*Miller
J ItoheH Kalley^ M.A., Trofessor of MatJiematica in the JRoyal

Naval College^ Greenwich^ Londorif S.M.
1884. JMiller, T. F., B.Ap.Sc. Napanee, Ontario, Cana4a.
1876. JMiller, Thomas Paterson. Cairns, Cambuslang,' N.B.
1868. *Mill8, Edmund J., D.Sc., F.R.S., F.C.S., Young Professor of

Technical Chemistry in Anderson’s College, Glasgow. 60 John-
street, Glasgow.

1880. JMills, Mansfeldt H. Tapton-grove, Chesterfield.

1885. JMilne, Alexander D. 40 Albyn-place, Aberdeen.
1882. •Milne, John, F.R.S., F.G.S., Professor of Geology in the Imperial

College of Engineering, Tokio, .Japan. Ingleside, Birdhirst lUse,
South Croydon, Surrey.

1885.

JMilne, J. D. 14 Rubislaw-terrace, Aberdeen.
1885. JMilne, William. 40 Albyn-place, Aberdeen.
1867. *Milne-Home, David, M.A., LL.D., F.R’.S.E., F.Q.S. 10 York-

place, Edinburgh.
1882. jMUnes, Alfred, M.A., F.S.S. 30 Almeric-road, London, S.W.
1888. §Milsom, Charles. 69 Pulteney-street, Bath.
1880. §Minchin, G. M., M.A. Royal Indian Engineering College, Cooper’s

Hill, Surrey.

1865. JMirrlees, James Buchanan. 46 Scotland-street, Glasgow.
1859. JMitchell, Alexander, M.D. Old Rain, Aberdeen.
1876. JMitchell, Andrew. 20 Woodside-place, Glasgow.
1883. JMitchell, Charles T., M.A. 41 Addison-gardens North, Kensington,

London, W.
1883. JMitchell, Mrs. Charles T. 41 Addison-gardens North, Kensington,

London, W.
863. JMitchell, C. Walker. Newcastl^on-Tyne,

1873. JMitchell, Henry. Parkfield House, Bradford, Yorkshire.

1886. JMitchell, Rev. J. Mitford, B.A. 6 Queen’s-terrace, Aberdeen,
1870. §Mitchell, John, J.Pt York House, Clitberoe, Lancashire.

18^. JMitchell, John, jun. Pole Park House, Dundee.

1886.

JMitchell, P. Chalmers. Christ Church, Oxford. ^
1862. *MitchellfJV. Stephen, M.A.^LL.B. 19 Cadogan-^etreet, London, 8,}^,

1879. JMivart, St. George, M.D., F.R.^S*, F.L.S., F.Z.S., Professor of
Biology in University College, Kensington. 16 Old^ Quebeo

• street, London, W.
1884. $Moat, Robert. SpriM Grove, Bewdley.
1886. §Mofiat, William. 7 Queep’s-gardens, Aberdeen.
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1864. tMogg, John Hees. High Littleton House, near Bristol.
1886. jiMoir, James. 25 Garden-place, Aberdeen.
1861. jMoLBswoRTH, Bev. Canon W. Nassau, M.A., LL.D. Spotland,

Hochdale.
I

1883. §Mollison, W*. L., M.A. Clare College, Cambridge.
1878. jMolloy, Constantine, Q.C. 66 Lower Leeson-street, Dublin.
1877. ’•‘Molloy, Bev. Gerald, HD. 86 Stephen’s-green, Dublin.
1884. itiMonaghan, Patrick. Halifax (Box 317), Nova Scotia, Canada.
1887. •Mond, Ludwig. 20 Avenue-road, Begent’s Park, London, N.W.
1863. :|:Monroe, Henry, MkD. 10 North-street, Sculcoates, Hull.
1882. ^Montagu, Samuel, M.P. 12 Kensington Palace-gardens, London,!^.

1872.

^Montgomery, B. Mortimer. 3 Porchester-place, Edgware-road,
London, W.

1872. JMoon, W., LL.D. 104 Queen’s-road, Brighton,
1884, §Moore, George Frederick. 25 Marlborough-road, Tue Brook,

Liverpool.

1881.

fMoore,ollenry. Collingham, Maresfield-gardens, Fitzjohn’s-avenue,
London, N.W. .

‘

*Mooiie, John Carrick, M.A., F.B.S., F.G.S. 113 Eaton-square,
London, S.W.

;
and Corswall, Wigtonshire.

1854. ^Moorb, Thomas John, Cor. M.Z.S. Free Public Museum, Liver-
pool. *f-

1877, t^oore, W. F. The Friary, Plymouth.
1857. *Moore, Bev. William Prior. The Boyal School, Cavan, Ireland,

1877. JMoore, William Vanderkemp. 16 Princess-square, Plymouth.
1871. iMoRB, Alexander G., F.L.S., M.K.I.A. 3 Botanic View, Glas-

nevin, Dublin.
1881. iJlMoRGAN, Alfred. 60 West ‘Bay-street, Jacksonville, Florida,

U.S.A.
1873. JMorgan, Edward Delraar, F.B.G.S. 15 Boland-gardens, London,

S.W.
1886. |:Morgan, John. 57 Thomson-street, Aberdeen.
1887. jMorgan, John Gray. 38 Lloyd-street, Manchester.
1882. §Morgan, Thomas. Cross House, Southampton.
1878. JMorgan, William, Ph.D., F.C.S. Swansea.
1867. jMorison, William B. Dundee.
1883. *Morley, Henry Forster, M.A., D.Sc., F.C.S. University Hall,

Gordon-square, London, W.O.
1881. JMorrell, W. W. York City and County Bank, York.
1880. jMorris, Alfred Arthur Vennor. Wernolau, Cross Inn B.S.O., Car-

marthenshire.

1883.

^Morris, C. S. Millbrook Iron Works, Landore, South Wales.
•Morris, Bev. Francis Orpen, B.A, Nunburnholme Bectory, Hayton,

York.
1883. ^Morris, George Lockwood. Millbrook Iron Worlcs, Swansea.
1880. ^Morris, James. 6 Windsor-street, Uplands, Swansea.
1883. jMorris, John. 40 WelldSley-road, Liverpool.

1888. §Morris, J. W., F.L.S. The Woodlands, Ikithwick Hill, Bath.

1880. IMorris, M. I. E. The Lodge, Penclawdd, near Swansea.
^

Morris, Samuel, M.B.D.S. Fortview, Clontarf, near Dublin.

1876. tM^is, Bev. S. S. O., M.A., B.N., F.C.S. H.M.S. ' GameV
S. Coast of America. •

1874. tMorrison, G. J., M.Inst.C.E. 5 Victoria-street, Westminster,

; ,
S.W. .

, ,

V-

1871. •Morrison, James Darsie. 27 Grange-road; Edinburgh.

1886, JMorrison, John T. Scottish Marine Station, Granton, N.B.
.1866. jMortimer, J. B. St. John’s-villas, Driffield.
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1869. Mortimer, William. Bedford-circus, Exeter.
1867. §Morton, George H., F.G.S. 209 Edge-lane, liverpool*
1868. *Morton, Henry Joseph. 2 Westbourne-villas, Scarborough. .

1871, Morton, Hugh. Belvedere House, Trinity, Edinburgh.
1887. §Morton, Percy, M.A. Illtyd House, Brecon, South Waives.
1886. *Morton, P. F. 10 The Grove, Highgate, London, N.
1868, ifMosELEY, H. N., M.A., LL.D., F.R.S., Linacre Professor of Human

and Comparative Anatomy in the University of Oxford. 14 St*
Giles’s, Oxford.

1883. JMoseley, Mrs. 14 St. Giles’s, Oxford. •

Mosley, Sir Oswald, Bart., D.O.L. RoUeston HaU, Burton-upon-
Trent, Staffordshire.

,

1878. *Moss, John Francis, F.R.G.S. Beechwood, Brincliffe, Sheffield.

1876. §Moss, Richard Jackson, F.O.S., M.1^..I.A. St. Aubin’s, Bally-
brack, Co. Dublin.

1873. *Mo8sef George Staley. 13 Scarsdale-villas, Kensington,
don, W, * c

1 864. *Mosse, J. R. Conservative Club, London, S.W»
1873. :J;Mossman, William. Ovenden, Halifax.
1869. §Mott, Albert J., F.G.S. Detmore, Charlton Kings, Cheltenham.
1866. XMott, Charles Grey. The Pai'k, Birkenhead.
1866. §Mott, Frederick T., F.R.G.S. Birstall Hill, Leicester.

1862. *Modat, Frederick John, M.D., Local Government Inspector. 12
Durham-villas, Campden Hill, London, W.

1856. JMould, Rev. J. G., B.D. Fulmodeston Rectory, Dereham, Norfolk.
1878. *Moulton, J. Fletcher, M. A., F.R.S, 74 Onslow-gardens, Lon-

don, S.W.
1863. |Mounsey, Edward. Sunderland.

Mounsey, John. Sunderland.
1861. *Mountcastle, William Robert. Bridge Farm, Ellenbrook, near

Manchester.
1877. :|:Mount-Edgcumbe, The Right Hon, the Earl of, D.C.L. Mount-

Edgcumbe, Devonport.
Mowbray, James. Combus, Clackmannan, Scotland.

1860. ^Mowbray, John T. 16 Albany-street, Edinburgh.
1887. jMoxon, Thomas B. County !^nk, Manchester.
1888. §Moyle, R. E., B.A., F.C.S. The College, Bath.
1886. •Moyles, Mrs. Thomas. The Beeches, Ladywood-road, Edgbaston^

Birmingham. i

1884. |Moyse, C. E., B.A., Professor of English Language and Literature-

in McGill College, Montreal. 802 Sherbrooke-street, Montreal^
Canada.

1884. ^Moyse, Charles E. 802 Sherbrooke-street, Montreal, Canada.
1876. •Muir, John. 6 I^ark-gardens, Glasgow.
1874. |Muir, M. M. Pattison, M.A., F.R.S.E. Caius College, Cambridge.
1884. *Muir, William Ker. Detroit, Michigan, U.S.A,
1872. ^Muirhead, Alexander, D.Sc.,F.O.S. «Cowley-street,Westminster,S,]W.
1871. •Muirhead, Henry, M.D., LL.D. «Bushy Hill, Cambuslang, Lanark-

shire. t
1876. •Muirhead, Robert Franklin, M.A., B.Sc. Meikle Cloak, Lochwinnoch,.

Renfrewshire.
1884. •Muirhead-Patersop, Miss Mary. Laurieville, Queen’s Drive, Cross-^

hill, Glasgow. .

1883. §Mxn:.HALL, Michael G. 19 Albion-street, Hyde Park, London, W

.

188*3. iMulhall, Mrs. Marion. 19 Albion-street, Hyde Park, London, W.
1884. •Muller, Hugo, Ph.D., F.R.S., F.C.S. 18 Park-square East

Regent’s Park, London, N.W. -

'
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1880. i^MuUer, Hugo M. 1 Gruiian^r>ga8se, Vienna.
*

Munbj, Arthur Joseph. 6 Fig-tree-court, Temle, London, E.O.
1866. |Mnin>Ei.LA, The Right Hon. A. J., M.P., I\R.S., F.R.G.S. 16

Elvaston-place, London, S.W.
1876. :|:Munro, Boiftild, F.C.S. The University, Glasgow.
1to6. JMunro, J. E. Crawford, LL.D., Professor of Political Economy in

Owens College, Manchester.
1883. *MiHiro, Robert. Braelfead House, Kilmarnock, N.B.
1872. •Munster, H,. Sillwood Lodge, Brighton.
1864. tMuRCH, Jeboh. Cranwells, Bath.
1864. •Murchison, K. R. Brockhurst, East Grinstead.

1866. ^Murdoch, James B. Hamilton-place, Langside, Glasgow.
1862. jMurphy, Joseph John. Old Forge, Duiimurry, Co. Antrim.
1884. §Murphy, Patrick. Fewry, Ireland.

1887. ^Murray, A. Hazeldean, Eersal, Manchester.

1869.^ ^Murray, Adam. 78 Manor Road, Brockley, S.E.
Murray^ John, F.G.S., P.Jl.G.S. 60 Albemarle-street, London,W.

;

and Newsted, Wimbledon, Surrey.

1869. [(Murray, John, M.E . Forres, Gotland.
^MurrayfJ^ohnfM.Inst.C.E. Dovmlands^ Sutton, Surrey,

1884. §Mi7BBat, John, F.R.S.E. Challenget* Expedition Office, Edin-
burgh.* •

1884. [(Murray, J. Clark, LL.D., Professor of Logic and Mental and Moral
Philosophy in McGill University, Montreal, 111 McKay-street,
Montreal, Canada.

1872. ^Murray, J. Jardine, F.R.C.S.E. 99 Montpellier-road, Brighton.

1863; jMurray, William. 34 Clayton-street, Newcastle-on-Tyne.

1883. ^Murray, W. Vaughan. 4 Westhourne-crescent, Hyde Park,
London, W.

1874. §Mu8grave, James, J.P. Drumglass House, Belfast.

1861. IMusgr'ove, John, jun. Bolton.
1870. •Muspratt, Edward Knowles. Seaforth Hall, near Liverpool.

1869. [(Mtlnb, RoBEsr' William, F.R.S., F.G.S., F.S.A. 7 Whitehall-
place, London, S. W.

1842. Nadin, Joseph. Manchester.
1886. §Nagel, D. II. Trinity College, Oxford.

1876. {Napier, James S. 9 Woodside-place, Glasgow.
1876. •Napier, Captain Johnstone. Laverstock House, Salisbury.

1872. tNares, Captain Sir G. S., K.C.B., R.N., F.R.S., F.R.G.S, Maple-
“ road, Surbiton.

1860. •Nasmyth, James. Penshurst, Tunbridge.
1887. §Na8on, Professor Henry B., Ph.D., F.C.S. Troy,New York, U.S.A.
1886. §Neale, E. Vansittart. 14 City-buildings, Corporation-street, Man-

chester.

1887. §Neild, Charles. 19 Chapel Walks, Manchester.
1883. •Neild, Theodore. Dalton^all, Manchester.

1887. §Neill, Joseph S. Claremont, Broughton Park, Manchester.

1887* {Neill, Robert, jun. Beech Mount, Higller Broughton, Manchester.

186^ {Neilson, Walter. 172 West George-street, Glasgow.
1876. {Nelson, D. M. 11 Bothwell-street, Glasgow.
1888. §Nel8on, The Right Rev. the Bishop of, D.Ik Nelson, New[ Zealand.

1886. {Nettlefold, Edward. 61 Carpenter-road, Edgbaston, Birmingham
1868. {Neyill, Rev. H. R. The Close, Norwich.

'

1866. •Nevill, The Right Rev. Samuel Tarratt, D.D., F.L.S., Bishop of

Dunedin, New Zealand.

1867. XNevillef John, M.JRJ,A, Moden-placef Dundalk, Ireland,
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1869. INevins, John Birkbeck, M.D. 3 Abercromby-square, Liverpool.
1842. New, Herbert. Evesham, Worcestershire.

•Newall, Robert Stirling, F.R.S., F.R.A.S. Ferndene, Gateshead-
iipon-Tyne.

1886.

§Newbolt, F. G. Edenhiirst, Addlestone, Surrey. ,

1842. *Nbwm:a.n, Professor Francis William. 15 Arundel>crescent,
Weston-super-Mare.

1860. *Newton, Alfred, M.A., F.R.S., F.L.S., Professor of 2foology and
Comparative Anatomy in the University pf Cambridge. Mag-
dalene College, Cambridge.

1883.

XNewtony A. W. 7a Westcliffe-roady Birkdale, Southport*
1872. jNewton, Rev. J. 125 Eastern-road, Brighton. •

1886. j:Newton, William. 18 Fenchurch-street, London, E.C.
1883. INias, Miss Isabel. 56 Montagu-square,^London, W.
1882. iNias, J. B., B.A. 56 Montagu-square, London, W,
1867. fNicholl, Thomas. Dundee.
1875. :j.Nicholls, J. F. City Library, Bria;tok *

1866. jNiOHOLSON, Sir Charles, Bart., M.D., D.C.L., LL.D., F.G.S.,
F.R.G.S. The Grange, Totteridge, Herts.

1838. ^Nicholson, Cornelius, F.G.S., F.S.A. Ashleigh, l^entnor, Isle of
Wight.

1871. §Nichol8on, E. Chambers. Herne Hill, London, S.^.

1867. ^Nicholson, Henry Alletne, M.D., D.Sc., F.G.S., Prof^or of
Natural History in the University of Aberdeen.

1887. *Nicholson, John Carr. Ashtield, Headingley, Leeds.

1884. §Nicholaon, Joseph S., M.A., D.Sc., Professor of Political Economy in

the University of Edinburgh. Eden Lodge, Newbattle-terrace,
Edinburgh.

1883. ^Nicholson, Richard, J.P. Whinfield, Hesketh Park, Southport.

1887. §Nicholson, Robert H. Bourchier. 2l Albion-street, Hull.

1881. ^Nicholson, William R. Clifton, York.
1887. jNickson, William. Shelton, Sibson-road, Sale, Manchester.

1885. §Nicol, W. W. J., M.A., D.Sc., F.R.S.E. Mason Science College,

Birmingham.
1878. ifNiven, Charles, M.A., F.R.S., F.R.A.S., Professor of Natural

Philosophy in the University of Aberdeen. 6 Chanonry, Aber-
deen.

1886. jNiven George. Erkingholme, Coolhuilt-road, London, N.
1877. jNiven, James, M.A. King’s College, Aberdeen.
1874. jNixon, Randal C. J., M.A. Royal Academical Institution, Belfast.

1884. ifNixon, T. Alcock. 33 Harcourt-street, Dublin. '

1863. *Noble, Captain Andrew, O.B., F.R.S., F.R.A.S., F.C.S. Elswick
Works, Newcastle-on-Tyne.

1880. :j:iVb6^e, John. Bosaenstein^ ThomhiU'-roadj Croydon, Surrey.

1879. jNoble, T. S., F.G.S. Lendal, York.
1886. §Nock, J. B. Mayfield, Chester-rqad, Sutton Coldfield.

1887. jNodal, John H. The Grange, Heaton Moor, near Stockport.

1870. jNolan, Joseph, M.R.I.A. 14 Hume-street, Dublin.

1882. §Norfolk, F. Elm Villa, Ordnance-road, Southampton.
1859. ifiVbr/b/A;, Richard. Ladygate, Beverley.

1863. JNobman, Rev. Canon Alfred Merle, M.A., D.O.L., F<Jj.S. Bum-
moor Rectoi*/, Fence House, Co. Durham.

1888. §Norman, George. 12 Brock-street, Bath.
Norreys, Si^ Denham Jephson, Bart. Mallow Castle, Co. pork.

1865. JNorris, Riohard, M.D. 2 Walsall-road, Birchfield, Birmingham*

1872. jNorris, Thomas George. Qorphwysfa, Llanrwst, North Wales.

1883. •Norris, William G. Ooalbrookdale, Shropshire.
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§North, Samuel William, M.R.C.S., F.G.S. 84 Micklegate, York.
1881. ^North, William, B.A., F.C.S. 28 Regent’s Park-road, London, N.W,

*Northwick, The Right Hon. Lord, M.A. 7 Park-street, Grosvenor-
square, London, W.

Norton, The Right Hon. Lord, K.C.M.G. 36 Eaton-place, London,
S.W.

; and Hamshall, Birmingham.
1886. ^Norton, Lady. 36 Eaton-place, London, S.W. : and Hamshall,

* Birmingham.
1868. :j:Norwich, The Hon. and Right Rev. J. T. Pelham, D.D., Lord Bishop

of. Norwich.
1861. Noton, Thomas. Priory House, Oldham.

Nowell, John. Farnley Wood, near Huddersfield.
1883. ifNunnerley, John. 46 Alexandra-road, Southport.
1887. §Nur8ey, Perry Fairf&x. 161 Fleet-street, London, E.C.
1883. §Nutt, Miss Lilian. Rosendale Hall, West Dulwich, London, S.E.

1882. §Obach,*Eugf ne, Ph.D. 2 Victoria-road,- Old Charlton, Kent.
1878. JO’j&Wew, Mnrrough. 1 ’WiUow-terrace^ Blackrocky Co, Dvhlin,

O’Callaghan, Geoi|:e. Tallas, Co. Clare.

1 888. §0’Connell, Major-General P. 2 College-road, Lansdowne, Bath.
1878. JO’Conor IJon, The. Clonalis, Castlerea, Ireland.

1883. jOdgers, William Blake, M.A., LL.D. 4 Elm-court, Temple,
London, E.C.

1868. *ODtiNO, William, M.B., F.R.S., F.C.S., Waynflete 'Professor of
Chemistry in the University of Oxford. 16 Norham-gardens,
Oxford.

1884. :|;Odlum, Edward, M.A. Pembroke, Ontario, Canada.
1867. JO’Donnavan, William John. 64 Kenilworth-square, Rathgar,

Dublin.
1877. §Ogden, Joseph. 13 Hythe-villas, Limes-road, Croydon.
1886. JOgilvie, Alexander, LL.D. Gordon’s College, Aberdeen.
1876. JOgilvie, Campbell P. Sizewell House, Leiston, Suffolk.

1886. :J:Ogilvie, F. Grant, M.A., B.Sc. Gordon’s College, Aberdeen.
1869. lOgilvy, Rev. C. W. Norman. Baldovan House, Dundee.
1863. IOgilvy, Sir John, Bart. Inverquharity, N.B.

*Ogle, William, M.D., M.A. The Elms, Derby.
1837.10’Hagan, John, M.A., Q.C. 22 Upper Fitzwilliam-street, Dublin.

1884. §0’Halloran, J. S., F.R.G.S. Royal Colonial Institute, Northum-
berland-avenue, London, W.O.

1881. ^Oldfield, Joseph. Lendal, York.
1887. JOldham, Charles. Syrian House, Sale, near Manchester.
1863. fOLDHAM, James, M.Inst.C.E. Cottingham, near Hull.

1886. JOldham, John. River Plate Telegraph Company, Monte Video.

1863. JOliver, Daniel, F.R.S., F.L.S., Professor of ^tany in University
College, London. Royal Gardens, Kew, Surrey.

1887. §01iver, F. W. Royal Gardens, Kew, Surrey.

1883. JOliver, J. A. Westwood. Braehead House, Lochwinnoch, Scotland.

1883. lOliver, Samuel A. * Bellingham House, Wigan, Lancashire.

1882. §OlBen, O. T., F.R.A.S.,F.R.G.S. 116 St. Andrew’s-terrace, Grimsby.
•Ommannbt, Admiral Sir Erasmus, C.B., F.B.S., F.R,A.S., F.B.G.S.

# 29 Oonnaught-square, Hyde Park, London, W.
1880. *Ommanney, Rev. E; A. 123 Vassal-roadf iirixton, London, S.W.
1887. §0’Neill, Charles. 72 Denmark-road, Manchester.

1872. iOnslow, D. Robert. New University Ghib, St. James’s, London,
aw.

1888* 4^C>ppert, Gustav, Professor, of Sanskrit. Madras.
1867. JOrchar, James G. 9 William-street, Forebank, Dundee.
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1883. tOrd, Miss Maria. Fern Lea, Park-crescent, Southport,
1883. JOrd, Miss Sarah. Fern Lea, Park-crescent, Southport.
1880. fO’Reilly, J. P., Professor of Mining and Mineralogy in the Royal

College of Science, Dublin.
1842. Ormeboi), George Wareing, M.A., F.G.S. Woodway, Teigv-

mouth. -

1861. lOrmerod, Henry Mere. Clarence-street, Manchester
j
and 11 Wood-

land-terrace, Cheetham Hill, Maiichester.

1858. lOrmerod, T. T. Brighouse, near Halifax.
1836. Orpen, John H., LL.D., M.R.I.A. 58 Stephen’s-green, Dublin. ;

1883. lOrpen, Miss. 68 Stephen*s-green, Dublin.
1884. •Orpen, Captain R. T., R.E. 58 StephenVgreen, -Dublin.
1884. *Orpen, Rev. T. H., M.A. Binnbrooke, Cambridge.
1838. Orr, Alexander Smith. 57 Upper SackrHlle-street, Dublin.
1873. :|;Osborn, George. 47 Kingscross-street, Halifax.

1887. §0’Shea, L. J., B.So. Firth College, Sheffield.

^OsEER, A. Follett, F.R.S. South Bank, Edgbabton, Birming^
ham.

1865. •Osier, Henry F. Ooppy Hill, Lintliurst, near ' Bromsgrove,
Birmingham.

1869. *08ler, Sidney F. Chesham Lodge, Lower Norwood, Surrey, S.E.
1884. :^Osler, WiUiam,. M.D., Professor of the Institutes of Medicine in

McGill University, Montreal, Canada.
1884. :|:0’Sullivan, James, F.C.S. 71 Spring Terrace-road, Efurton-on-

Trent.
1882. *Oswald, T. R. New Place House, Southampton.
1881. *Ottewell, Alfred D. 83 Siddals-road, Derby.
1882. :j:Owen, Rev. C. M., M.A. St. George’s, Edgbaston, Birmingham.

Owen, Sir Richard, K.C.B., M.D., D.C.L., LL.D., F.R.S., F.L.S.,
F.G.S., Hon. F.R.S.E. Sheen Lodge, Mortlake, Surrey, S.W.

1888. §Owen, Thomas. 8 Alfred-street, Bath.
1877. jOxland, Dr. Robert, F.C.S. 8 Portland-square, Plymouth.

1883. IPage, George W. Fakenham, Norfolk.

1883. JPage, Joseph Edward. 12 Saunders-street, Southport.
1872. •Paget, Joseph. Stuffynwood Hall, Mansfield, Nottingham.
1884. ifPaine, Cyrus F. Rochester, New York, U.S.A.
1876. JPaine, William Henry, M.D., F.G.S. Stroud, Gloucestershire.

1870. *Palgrave, R. H. Inglis, F.R.S., F.S.S. Belton, Great Yar-
mouth.

1883. JPalgrave, Mrs. R. H. Id^u* Belton, Great Yarmouth.
1873. JPalmer, George, M.P. The Acacias, Reading, Berks.
1878. *Palmer, Joseph Edward. Lyons Mills, Stranan Station, Dublin.
1887. •Palmer, Miss Mary Kate. Kilbum House| Sherwood, Notts.

1866. §Palmer, William. Eilbourne House, Cavendish Hill, Sherwood,
Notts.

1872. •Palmer, W. R. 1 The Cloisters, Temple, E.O.
Palmes, Rev. William Lindsay, M.A. Nabum Hall, York.

1883. §Pant, F. J. van der. Clifton Lodge, KinMton-on-Thames.
1886. {Panton, George A., F.R.S.E. 73 Westfield-road, Edgbaston,

Birmingham.
1884. §Panton, Professor J. Hoyes, M.D. Ontario Agricultural College^

Guelph, Ontario, Canada.
1883. tPark, Henry. Wigan.
1883. JPark, Mrs. Wigan.

' '

188Q. •Parke, George Henry, F.L.S., F.G,S. Barrow-in-Fumessi Lantelk-

shire. ,
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1863. ^Parker, Henry. Low Elswick, Newcastle-on-Tyne.
1863. ^Parker, Rey. Henry. IdlertonBectoiy^Low Elswick, Newcastle-on-

Tyne.
1874. :J:Parker, Henry R., LL.D. Methodist College, Belfast.

Parker, Richard. Bunscomhe, Cork.
1886. JParker, Lawley. Chad Lodge, Edgbaston, Birmingham.
1863. ^Parker, William. Thomton-le-Moor, Lincolnshire.
1865. *Parkes, Samuel Hicklii%, F.L.S. 6 St. Mary’s-row, Birmingham.
1864. IPabees, William. 23 Abingdon-street, Westminster, S.W.
1879. §Parkin, William, F.S.S. The Mount, Sheffield.

1887. §Parkinson, James. Station-road, Turton, Bolton.
1869. ^Parkinson, Robert, Ph.D. West View, Toller-lane, Bradford, York-

shire.

1841. Parnell, Edward A.,»F.C.S. Ashley Villa, Swansea.
1862. *Parnell, John, M.A. 1 The Common, Upper Clapton, London, E.

•
^
PameU, Richard, M.D., Ji'.R.S.E.' Gattonside Villa, Melrose, N.B.

1883. *|Parsonf T. Cooke, M.R.C^. Atherston House, Clifton, Bristol.

1877. Parson, T. Edgcumbe. 36 Torrington-place, Plymouth.
1866. *Parsons, Charles •Thomas. Norfolk-road, Edgbaston, Birming-

ham«
1878. ^Parsons, Hon. C. A. 10 Oonnaught-place, London, W.
1878. tParsons, ll<5n. and Rev. R. C. 10 Connaught-place, London, W.
1883. C. T. 6 King^s Bench-walkf Temple, London, E,C,
1883. fPfl-rt, Isabella. Rudleth, Watford, Herts.

1876. JPass, Alfred C, Rushmere House, Durdham Down, Bristol.

1881. §Patchitt, Edward Cheshire. 128 Derby-road, Nottingham.
1884, *Paton, David. Johnstone, Scotland.
1883. *Paton, Henry, M.A. 16 Myrtle-terrace, Edinburgh.
1884. •Paton, Hugh. 992 Sherbrooke-street, Montreal, Canada:
1883. IPaton, Rev, William. The Ferns, Parkside, Nottingham.
1887. JPaterson, A; M., M.D. The Owens College, Manchester.
1861. JPatterson, Andrew. Deaf and Dumb School, Old Trafford, Man-

chester.
,

1871. *Patterson, A. Heniy. 3 New-square, Lincoln’s Inn, London, W.C.
1884.. ifPatterson, Edward Mortimer. Fredericton, New Brunswick, Canada.
1863. JPatterson, H. L. Scott’s House, near Newcastle-on-Tyne.
1867. {Patterson, James. Kinnettles, Dundee.
1876. §Patterson, T. L. Belmont, Margaret-street, Greenock.
1874. {Patterson, W. H., M.R.I.A. 26 High-street, Belfast.

1863. {Pattinson, John, F.C.S. 76 The Side, Newcastle-on-Tyne.
1863. {Pattinson, William. Felling, near Newcastle-upon-Xyne.
1867. §Pattbon, Samuel Rowles, F.G.S. 11 Queen Victoria-street, London,

E.O.
1864. JPattison, Dr. T. H. London-street, Edinburgh.
1879, •Patzer, F. R. Stoke-on-Trent.
18^. JPattl, Benjamin H., Ph.D. 1 Victoria-street, Westminster, S.W.
1883. XPo,ul, <?., F,G.8, Filey, i^orkahtre,

1863. {Pavy, Fbbdebick William, M.D., F.R.S. 36 Grosvenor-street,

London, W. •

1887. ^Paxman, James. Hill House, Colchester.

1887. *Pay;ge,Miss Edith Annie. Hatchlands, Cuckfield, Hayward’s Heath,

16^. tPayne, Edward Turner. 3 Sydney-place, Bath.

1681. {Payne, J. Buxton. 16 Mosley-street, Newc§stle-^n-Tyne.

1877. , •Payne, J. 0. Charles. Botanic-avehue, The Plains, Delfast.

1881. :tPayne, Mrs. Botanic-avenue, The Plains, Belfast.

1866* {Payne, Dr. Jose^ F. 78 Wimpole-street, London, W,
1838. •Paynter, J. B. Hendford Manor House, Yeovil.
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:|:Payton, Henry. Eversleigh, Somerset-road, Birmingham.
1876. Jpeace, G. H. Monton Grange, Eccles, near Manchester.
1879. JPeace, William K. Moor Lodge, Sheffield.

1886. JPeach, B. N., F.R.S.E., F.G.S. Geological Survey Office, Edin-
burgh,

1883. JPeacock, Ebenezer. 8 Mandeville-place, Manchester-square, Lon-
don, W.

1876. ^Peacock, Thomas Francis. 12 South-square, Gray’s Inn, London,
W.C.

1881. •Peakce, Hoeace, F.R.A.S., F.L.S., F.G.S. The Limes, Stour-
bridge.

1886. •Pearce, Mrs. Horace. The Limes, Stourbridge.
^

1888. §Pearce, Rev. R. J., D.C.L., Professor of Mathematics in the Univer-
sity of Durham. St. Giles’s Vicai^ge, Durham.

1882. §Pearce, Walter, M.B., B.Sc., F.G.S. St. Mary’s Hospital, Padding-
ton, London, W.

;
and Craufurd, Ray Mead, Maidenhead. ,

1884. ^Pearce, William. Winnipeg, Canada. „

1886. JPearsall, Howard D. 3 Cursitor-street, London, E.O.
1887. §Pearse, J. Walter. Brussels. «.

1881. |Pearse, Richard Seward. Southampton.
1883. IPearson, Arthur A Colonial Office, London, S.W.
1883. tPearson, Miss Helen E. 69 Alexandra-road, Southport.

1881. JPearson, John. Glentworth House, The Mount, York.
1883. ^Pearson, Mrs. Glentworth House, The Mount, York.
1872, *Pear8on, Joseph. Grove Farm, Merlin, Raleigh, Ontario, Canada.
1881. ^Pearson, Richard. 23 Bootham, York.
1870. JPearson, Rev. Samuel, M.A. Higbbury-quadrant, London, N.
1883. *Pearson, Thomas H. Golborne Park, near Newton-le-Willows,

Lancashire.

1863. §Pease, II. F. Brinkbiim, Darlington.

1863. JPease, Sir Joseph W., Bart., M.P. Hutton Hall, near Guis-
borough.

1863. tPease, J. W. Newcastle-on-Tyne.
1883. JPeck, John Henry. 62 Hoghton-slreet, Southport.

Peckitt, Henry. Carlton Husthwaite, Thirsk, Yorkshire.

1866. •Peckover, Alexander, F.S.A., ^F.L.S., F.R.G.S. Bank House,
Wisbech, Cambridgeshire.

1888. §Peckover, Miss Alexandrina. Bank House, Wisbech, Cambridgeshire.
•Peckover, Algernon, F.L.S. Sibald’s Holme, Wisbech, Cam-

bridgeshire.

1886. ^[Peddie, W. Spring Valley Villa, Morningside-road, Edinburgh.
3884. JPeebles,*W. E. 9 North Frederick-street, Dublin.

1883. JPeek, C. E. Conservative Club, London, S.W,
1878. *Peek, William. 16 Belgrave-place, Brighton.

1881. JPeggs, J. Wallace. 21 Queen Anne’s-gate, London, S.W.
1884. JPegler, Alfred. Elmheld, Southampton.
1861. •Peue, George, iun. Shotley Bridge*, Co. Durham.
1878. :};Peml%rton, Charles Seaton. 44 Lincoln’s Inn-fields, London,

W.O. <

1866. ^Pemberton, Oliver. 18 Temple-row, Birmingham.
1861. •Pender, Sir John, K.C.M.G. 18 Arlington-street, London, S.W.
1887. §Pendlebury, WiUwm H. Christ Church, Oxford. ®

1866. §Penqblly, William, F.R.S., F.G.S, Lamoma, Torquay.
1881. JPenty, W. G. Melboume-street, York.
1876. JPerceval, Rev. Canon John, M.A., LL.D. Rugby.
1846. JPbecy, JoHir, M.D., F.R.S., ,F.G.S. 1 Gloucester-crescent, Hyde

Park, London, W.
,

*
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*Perigal, Frederick. Cambridge Cattage, Kingswood, lleigate.
1886.

JPerkin, T. Dix. Greenford Green, Harrow, Middlesex.
1868. *Perkin, William Henry, Ph.H., F.RS., F.O.S. The Chestnuts,

Sudbu^, Harrow, Middlesex.
1884. :|:Perkin, William Henrv, jun., Ph.D. The Chestnuts, Sudbury,

Harrow, Middlesex.
1877. tP®rkins, Loftus. Seaford-street, Pegent-square, London, W.C.
1864. •parkins, V. R. Wott«n-under-Edge, Gloucestershire.
1885. §Perrin, Miss Emily. Girton College, Cambridge.
1886. JPerrin, Henry S. 31 Si. John’s Wood Park, London, N-.W.
1886. JPerrin, Mrs. 23 Holland Villas-road, Kensington, London, W.

Perry, The Right Rev. Charles, M.A., D.D. 32 Avenue-road,
Regent’s Park, London, N.W. *

1879. tP^^ry, James. Roseommon.
1874. *Perrt, John, M.E., D.Sc., F.R.S., Professor of Engineering and

. Applied Mathematics in the Technical College, Finsbury. 10
Benywern-road, So’uth Kensington, London, S.W.

1883. |Perry, Ottley L., F.R.G.S. Bolton-le-Moors, Lancashire.
1883. JPerry, Russell R. » 34 Duke-street, Brighton.
1870, *Perby, Jiev. S. J., D.Sc., F.R.S., F.R.A.S., F.R.M.S, Stonyhurst

College Observatory, Whalley, Blackburn.
1886. Ti^lUam, llanbury Villaj Stourbridge,

1883. §Petrie, Miss Anne S. Stone Hill, Rochdale.
1883. |Petrie, Miss Isabella. Stone Hill, Rochdale,
1871. •Peyton, John E. H., F.R.A.S., F.G.S. 6 Fourth-avenue, Brighton.
1882. JPfoundes, Charles, F.R.G.S. Spring Gardens, London, S.W.
1886. fPhelps, Colonel A. 23 Augustus-road, Edgbaston, Birmingham.
1884. tPkelps, Charles Edgar. Carisbrooke House, The Park, Nottingham.
1884. JPhelps, Mrs. Carisbrooke House, The Park, Nottingham.
1886. JPhelps, Hon. E. J. American Legation, Members’ Mansions, Victoria-

street, London, S.W.
1886. JPhelps, Mrs. Haipshall, Birmingham.
1863, •Pieen£, John Samuel, LL.D.,F.S.A., F.G.S., F.R.G.S. 6 Carlton-

terrace, Oakley-street, London, S.W.
1870. JPhilip, T. D. 61 South Castle-street, Liverpool.

1853. *Philips, Rev. Edward. Hollington, Uttoxeter, Staffordshire.

1853. *Philips, Herbert. The Oak House, Macclesfield.

Philips, Robert N., M.P. The Park, Manchester.
1877. §Philips, T. Al^hart. 53 Tredegar-square, Bow, London, E.
1863. fPhilipson, Dr. 1 Savile-row, Newcastle-on-Tyne.

1883. JPhillips, Arthur G. 20 Canning-street, Liverpool.

1862. ^[Phillips, Rev. George, D.D. Queen’s College, Cambridge.
1887. JPhillips, H. Harcourt, F.C.S. 18 Exchange-street, Manchester.
1880. §Phillips, John H., Hon. Sec. Philosophical and Archaeological

Society, Scarborough.
1883. I^Phillips, Mrs. Leah R. 1 East Park-terrace, Southampton.
1883. JPhillips, S. Rees. WanfStd House, Eieter.

1881. tPhillips, William. 9 Bootham-terrace, York.
1868. IPhipson, T. L., Ph.D., F.C.S. 4 The Cedars, Putney, Surrej',

S.W.
1884. •Picjjpri, Rev. H. Adair, M.A. 5 Canterbury-road, Oxford.

1883. •PicKard, Joseph William. Lindow-squareji Tjancaster.

1886. •Pickering, Spbnobb U. 48 Bryanston-square, London, W.
1884. •Pickett, Thomas E., M.D. Maysrille, Maoon County, Kentucky,

U.S.A.
1870. IPicton, J. Allanson, F.S.A. Sandyknowe, Wavertree, Liverpool.

1888. •Pidgeon, W. R. 42 Porchester-square, I^ndon, W.
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1871. |Pigot, Thomas F.,M.R.I.A. Royal College of Science, Dublin.
1884. JPike, L. G., M.A., F.Z.S. 4 The Grove, Highgate, London, N.
1866. JPiKE, L. Owen. 201 Maida-vale, London, W.
1873. tPike, W. II. University College, Toronto, Canada.
1867. IPilkington, Henry M., LL.D., Q.C. 46 Upper Mount-street,

Dublin.

1883. ifPilling, R. C. The Robin’s Nest, Blackburn.
Pirn, George, M.R.I.A. Brenanstowfl, Cabinteely, Co. Dublin.

1877. tPim, Joseph T. Greenbank, Monkstown, Co. Duton.
1884. XPinartf A. Q. N. L. 74 Market^streetj ’San Francisco

j U»S,A.
1868. JPinder, T. R. St. Andrew’s, Norwich.
1876. JPiKiE, Rev. G., M.A., Professor of Mathematics in the University of

iVAerdeen. 33 College Bounds, Old Aberdeen.
1884.^ JPirz, Anthony. Long Island, New York, U.S.A.
1887. IPitkin, James. 66 Red Lion-street, Clerkenwell, London, E.C.
1888, fPitman, Eizak. Hazelwood, Warminster-road, Bath.

1876. iPitman, John. Redclift* Hill, Bristol. »

1883. |Pitt, George Newton, M.A., M.D. 34 Ashbum-place, South
Kensington, London, S.W. *

1864. |Pitt, R. 6 Widcomb-terrace, Bath.

1883. §Pitt, Sydney. 34 Ashburn-place, South Kensington, London, S.W.
1868. IPitt-Rivers, Lieut.-General A. H. L., D.C.L.'J F.R.S., F.G.S.,

F.S.A. 4 Grosvenor-gardens, London, S.W.
1872. JPlant, Mrs. H. W. 28 Evirigton-street, Leicester.

1869. §Plant, James, F.G.S. 40 West-terrace, West-street, Leicester.

1886. |P/ayer, J. H. 6 Prince of Wales-terracey Kensington, London, W,
1842. Playfair, The Right Hon. Sir Lyon, K.C.B., Ph.D., LL.D., M.P.,

F.R.S. L. & E., F.C.S. 68 Onslow-gardens, South Kensington,
London, S.W.

1867. :|;Playpair, Lieut.-Colonel Sir R. L., K.C.M.G., H.M. Consul, Algeria.

(Messrs. King & Co., Pall Mall, London, S.W.)
1884. *Playfair, W. S., M.D., LL.D., Professor of Midwifery in King^s

College, London. 31 George-street, Hanover-square, London, W.
1888. §Pleydell, Mansell. Whatcombe, Blandford.

1883. *Plimpton, R. T., M.D. 23 Lansdowne-road, Clapham-road, London,
S.W.

1888. §Plowman, Thomas F. 6 Terrace-walks, Bath.

1867. tPiunkett, Thomas. Ballybr^hy House, Bonis-in-Ossory, Ireland.

1861. *PocHiN, Henry Davis, F.C.S. Bodnant Hall, near Conway.
1881. §Pocklington, Henry. 20 Park-row, Leeds.

1888. §Pocock, Rev. Francis. 4 Brunswick-place, Bath.
1846. tPoLE, William, Mus.Doc., F.R.S., M.Inst.C.E. Athenaeum Club,

Pall Mall, London, S.W.
1887. *Poles, A. J. S. Moor End, Kersal, Manchester.

*Pollexfen, Rev. John Hutton, M.A. Middleton Tyas Vicarage,
Richmond, Yorkshire.

Pollock, A. 62 Upper Sackville-sfreet, Dublin.

1862. *Polwhele, Thomas Roxburgh, M.A., F.G.S. Polwhele, Truro,
Cornwall. ^

1868. JPoRTAL, Wyndham S. Malshanger, Basingstoke.

1883. *Porter, Rev. C. T., LL.D, Brechin Lodge, Cambridge-r^ad, South-
port.

1874. jPorter, Rev. J. Xieslie, D.D., LL.D., Presidetit of Queen’s College,

Belfast.

1886. ^Porter, Paxton. Birmingham and Midland Institute, Birming-
ham.

.1866^ ^Porter, Robert. Highfield, Long Eaton, Nottingham.
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1888. §Porter, Hobert. Westfield House, Bloomfield-road, Bath.1883.

fPos%ate, Professor J. P., M.A. Trinity College, Cambridge.
1863. jPotter, D. M. Cramlington, near Newcastle-on~Tyne.
1887. §Potter, Edn^und P. Hollinhurst, Bolton.
f?j88. fPotter, M. C., B.A. St. Peter’s College, Cambridge.

Potter, Richard, M.A. 10 Brookside, Cambridge.
1883. §Potts, John. 33 Chestgr-road, Macclesfield.

1886. •Poulton, Edward B., M.A. Wykeham House, Oxford.

1873. ’"‘PoweU, Francis S., M.P., F.R.G.S. Horton Old Hall, Yorkshire
j

and 1 Cambridge-square, London, W.
1887. *Powell, Horatio Gibbs. Wood Villa, Tettenhall Wood, Wolver-

hamptoif.

1883. JPowell, John. Wannarlwydd House, near Swansea.
1876. JPowell, William Aifgustus Frederick. Norland House, Clifton,

Bristol.

1887.

'§PownalL George H. Manchester and Salford Bank, Mosley-street,

Manchester. ' •

1867. :j:Powrie, James. Reswallie, Forfar.

1855. *Poynter, John E. Clyde Neuk, Uddingston, Scotland.

1883. ^PorNTiNO, J. H., M.A., F.R.S., Professor ofPhysics in the Mason Col-

lege, Byrmingham. 385 Hagley-road, Edgbaston, Birmingham.
1884. §Prance, Courlonay C. Hatherley Court, Cheltenham.
1884. *Prankerd, A. A., D.C.L. Brazenose College, Oxford.

1869. *Pebbce, William Henry, F.R.S., M.Inst.C.E. Gothic Lodge,

Wimbledon Common, Surrey.

1888. •Preece, W. L. St. James’s-tei*race, London-road, Derby.

1884. *Premio-Real, His Excellency the Count of. Quebec, Canada.

•Prbstwioh, Joseph, M.A., F.R.S., F.G.S., F.C.S. Shoreham, near

Sovonoftks#

1884. *Pr^ost, Major L. de T. 2nd Battalion Argyll and Sutherland

Highlanders.
1871i :J:Price, Astley Paston. 47 Lincoln’s-Inn-fields, London, W.C.
1866. *Pricb, Rev. Bartholomew, M.A., F.R.S., F.R.A.S., Sedleian

Professor of Natural Philosophy in the University of Oxford,

• list. Giles’s, Oxford. „ „
1872. tPrice, David S., Ph.D. 26 Great George-street, Westminster, S.W.
1882. tPrice, John E., F.S.A. 27 Bedford-place, Russell-square, Lon-

don, W.C.
Price, J. T, Neath Abbey, Glamorganshire.

1888.

§Price, L. L. F. R., M.A. Oriel College, Oxford.

1881. §Price, Peter. 12 Windsor-place, Cardiff.

1876. •price, Rees. 1 Montague-place, Glasgow.
1876. •Price, William Philip. Tinberton Court, Gloucester.

1876, |;Priestley, John. 174 Lloyd-street, Greeiiheys, Manchester.

1876. JPrince, Thomas. 6 Marlborough-road, Bradford, Yorkshire.

1883. § Prince, Thomas. Horshanjyroad, Dorking. y.rw
1864. *Priop, R. C. A., M.D. 48 Yoik-terrace, Regent’s Park, London, N.W

.

3846. *PjEin;cHARi), Rev. Charles, 3d.D., P.R.S., F.G.S., F.R.A.S., Professor

of Astronomy in the University of Oxford. 8 Keble-terrace,

Oxford.
J. J. XI

1876. •Priwhard, Urban, M.D., F.R.C.S. 8 George-street, llanover-

square, London, W.
1888. §Probyn, Leslie 0. Onslow-square, Londbn, S.W.

^

1^1. ^Procter, John William. Ashcroft, Nunthorpc, Yo*.
1863. tProctor, R. S. Summerhill-temtce, Newcastle-on-Tyne.

Proctor, William. Elmhurst, Higher Erith-road, Torquay.

1885. tProfeit, Dr. Balmoral, N.B.
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1863. |Proud, Joseph. South Hetton, Newcastle-on-Tyne.
1884. *Proudfoot, Alexander. 2 Phillips-place, Montreal, Canada.

1879. *Prou8e, Oswald Milton, F.G.S., F.R,G.S. 17 Disraeli-road, Putney,
S.W.

1866. JProwse, Albert P. Whitchurch Villa, Mannamead, Plymouth.
1872. *Pryor, M. Robert. Weston Manor, Stevenage, Herts.

1871. *Puckle, Thomas John. Woodcote-grove, Carshalton, Surrey.

1873. iPullan, Lawrence. Bridge of Allan ,‘^N.B.
*

1867. *Pullar, Robert, F.R.S.E. Tayside, Perth.

1883. *Pullar, Rufus D.j F.C.S. Tayside, Perth.

1842. *Pumphrey, Charles. Southfield, King’s Norton, near Birmingham.
1887. §Pt7mphrey, William. Lyncombe, Bath. •

1886. §Purdie, Thomas, B.Sc., Ph.D., Professor of Chemistry in the Uni-
versity of St. Andrews. St. Andi^ws, N.B.

1862. JPurdon, Thomas Henry, M.J). Belfast.

1860. :|:PuRDT, Frederick, F.S.S., Principal of the Statistical Department
of the Poor Law Board, Whitfkhall, London. Victoria-road, Ken-
sington, London, W.

1881. JPurey-Cust, Very Rev. Arthur Percival, 5^I.A., Dean of York. The
Deanery, York.

1882. JPurrott, Charles. West End, near Southampton,
1874. tPuRSER, Frederick, M.A. Rathmines, Dublin.'

1866. :|:PttR8ER, Professor John, M.A., M.R.I.A. Queen’s College, Belfast.

1878. JPurser, John Mallet. 3 Wilton-terrace, Dublin.
1884. *Purves, W. Laidlaw. 20 Stafford-place, Oxford-street, London, W.
1860. *Pusey, S. E. B. Bouverie. Pusey House, Faringdon.
1883. §Pye-Smith, Arnold. 16 Fairfield-road, Croydon.
1883. §Pye-Smith, Mrs. 16 Fairfield-road, Croydon.
1868. §PyE-SMiTH, P. H., M.D., F.R.S. 64 Harley-street, W. ;

and Guy’a
Hospital, London, S.E. »

1879. §Pye-Smith, R. J. 360 Glossop-road, Sheffield.

1861. *Pyno, Joseph John. The Willows, Albert-road, Southport.

1888. §Quin, J. A., J.P. 14 South-parade, Bath.

1870. JHabbits, W. T. Forest Hill, London, S.E.
1887. §Rabone, John. Penderell House, Hamstead-road, Birmingham.
1860. JRadcliffb, Charles BLAjn>; M.D. 26 Cavendish-square, London, W.
1870. jRadcliffe, D. R. Phoenix Safe Works, Windsor, Liverpool.

1887. §Radcliffe, .Tames. 108 Higher Kin^street, DuMnfield, Cheshire.

1877. jRadford, George D. Mannamead, Plymouth.
1879. ^Radford, R. Heber. Wood Bank, Pitsmoor, Sheffield.

•Radford, William, M.D. Sidmoimt, Sidmoutb.
1866. *Rad8tock:, The Right Hon. Lord. 70 Portland-place, London, W.
1888. §Radway, C. W. 9 Bath-street, Bath.
1878. JRae, John, M.D., LL.D., F.R.S., F.R.G.S. 4 Addison-gardens,

Kensin^on, London, W.
1864. ^Raffles, Thomas Stamford. 13 Abercromby-square, Liverpool.
1887. •Rafale, John Row&nd. Derby-place, Whitefield, Manchester.
1864. JRainey, James T. St. George’s Lodge, Bath.

Rake, Joseph. Charlotte-street, Bristol. <s

1863. JRamsay, AlexaiKder, F.G.S. 2 Oowper-road, Acton, Middlesex, W.
1846. JRamsat, Sir Andrew Cbombib, LL.D., F.R.S., F.G.S. 7

Victoria-terrace, Beaumaris.
1884. George G., LL.D., Professor of Humanity in the University '

of Glasgow. 6 The College, Glasgow.
1884i ^Ramsay, Mrs. G. G. 6 The College, Glasgow.
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Iwl, ;{;Ram8ay, John. Xildalton^ Argyleshire.
. 1884. i^Ramsjly, R. A. 1134 Sherbrooke-street, Montreal, Canada.

1867. *Ramsay, W. F., M.D. Inveresk House, Nevern-road, London, S.W.
1876. *Ram8AY, William, Ph.D., F.R.S., F.O.S., Professor of Chemistry in
« University College, London, W.C.

1883. ^Ramsay, Mrs. 12 Arundel-gardens, London, W.
1886. iRamsay, Major. Straloch, N.B.
1887. JRalfasbottom, John. J^rnhill, Alderley Edge, Cheshire.
1873. *Ramsden, William. Bracken Hall,Great Horton, Bradford Yorkshire.
1835. *Rance, Henry. St. Andrew’s-street, Cambridge.
1869. *Rance, H. W. Ilenniker, LL.D. 10 Castletovm-road, West Ken-

sington,•London, S.W.
1866. IRandel, J. 60 Vittoria-street, Birmingham.
1868. *Ransom, Edwin, F.BfG.S. Ashburnham-road, Bedford.
1863. §Ran8ora, William Henry, M.D.,F.R.S. The Pavement, Nottingham.
1861. .^Ransomef Arthur, M.A., M.I)., F.R.S. Devisdale, Bowdon,

Mailchester. •

Ransome, Thomas. Hest Bank, near Lancaster.
1872. *Ranyard, Arthur O^wper, F.R.A.S. 26 Old-square, Lincoln’s Inn,

London, W.C.
Rashleigh,^Jonathan. 3 Cumberland-terrace, Regent’s ParkfLondon,

N.W. •

1864. :{;Rate, Rev. John, M.A. Lapley Vicarage, Penkridge, Staffordshire.

1870. :|;Rathbone, Benson. Exchange-buildings, Liverpool.
1870. |Rathbone, Philip H. Greenbank Cottage, Wavertree, Liverpool.
1870, §Rathbone, R. R. Beechwood House, Liverpool.
1874. JRAVENSTBur, E. G., F.R.G.S. 29 Lambert-road, Brixton, London,

S.W.
Rawdon, William Frederick, M.D. Bootham, York.

1870. tRawlins, G. W. The Hollies, Rainhill, Liverpool.
1866. *Rawlinson, Rev. Canon George, M.A., Camden Professor of An-

cient History in the University of Oxford. The Oaks, Precincts,

Canterbury.
1866. *RAWLiNsoir, Major-General Sir Henry C., K.C.B., LL.D., F.R.S.,

F.R.G.S. 21 Charles-street, Berkeley-square, London, W.
1887, [fRawson, Harry, Earlswood, Ellesmere Park, Eccles, Manchester.
1876. §Rawson, Sir Rawson W., K.C.M.G., C.B., F.R.G.S. 68 Corn-

wall-gardens, Queen’s-gate, London, S.W.
1886. 5:Rawson, W. Stepney, M.A., F.C.S. 68 Cornwall-gardens, Queen’s-

gate, London, S.W.
1883. JRay, Miss Catherine, Mount Cottage, Flask-walk, Hampstead,

, London, N.W.
1868. *RAYLBrGH, The Right Hon. Lord, M.A., D.C.L., LL.B., Sec.R.S.,

F.R.A.S., F.R.G.S. Terling Place, Witham, Essex.
1883. *Rayne, Charles A., M.B., B.Sc., M.R.C.S. 3 Queen-street, Lan-

caster.

1866. JRead, William. Albion House, Epworth, Rawtry.
*Read, W. H. Rudston, M.A.., F.L.S. 12 Blake-street, York.

1870. IRbadb, Thomas Mellare, F.G.S. Bluftdellsands, Liverpool.

1884. §Readman, .1. B., F.R.S.E. 9 Moray-place, Edinburgh.
1852. '"'REnp'BBN, Professor Pbtbb, M.D. 4 Lower-crescent, Belfast.

1887. §Redhead, R. Milne. Springfield, Seedley, Manchester.
1863. jBedmayne, Giles. 20 New Bond-street, Lopdon, W.
1888. §Rednall, Miss Edith E. Ashfield House, Neston, near Chester.

Redwood, Isaac. Cae Worn, near Neath, South Wales.
1861. JRbbd, Sir Edward J., K.O.B., M,P., F.R.S. 74 Gloucester-road,

r South Kensington, Iiondon, W.
F 2
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1876, tRees-Mogff, W. Wooldridge. Oholwell House, near Bristol.

1888. §Ilees, W. L. 11 North-crescent, Bedford-square, London, W.O.
1881.

§Reid, Arthur S., B.A., F.G.S. Trinity College, Glenalmond, N.B.
1888. *Rbii), Clement, F.Q.S, 28 Jermyn-street, London, S.W.
1876. IReid, James. 10 Woodside-terrace, Glasgow.
1884. jReid, Rev. James, B.A. Bay City, Michigan, U.S.A.
1887. *Reid, Walter Francis. Fieldside, Addlestone, Surrey.
1860. ifReid, William, M.D. Cruivie, Cupar, Fife.

1881. fUeid, William. 19^ Blake-street, York.
1876. §Reinold, a. W., M.A., F.R.S., Professor of Physical Science in the

Royal Naval College, Greenwich, S.E.J

1863. §Renals, E. ‘ Nottingham Express ’ Office, Nottingham.
1886. tRennett, Dr. 12 Golden-square, Aberdeen.
1867. |Renny, W. W. 8 Douglas-terrace, Brodghty Ferry, Dundee.
1884. Captain Francis. 6 Beauchamp-avenue, Leamington.
1883. •Reynolds, A. H. Manchester and Salford Bank, Sodth^rt.
1871. +RETN0LD8,

James Emerson, M.D./ F.R.S., F.O.S., ]S[!R.I.A., Pro-
fessor of Chemistry in the University of Dublin. The Laboratory,
Trinity College, Dublin.

1870. *R^ynold8, Osborne, M.A., LL.D., F.R.S., M.Tnst,O.E., Professor
of Engineering in Owens College, Manchester. Fallowfield,
Manchester.

1868. §Reynolds, Richard, F.C.S, 13 Briggate, Leeds.
1887. § Rhodes, George W. The Cottage, Victoria Park, Manchester.
1883. ^Rhodes, Dr. James. 26 Victoria-street, Glossop.
1868. *Rhodes, John. 18 Albion-street, Leeds.
1877. *Rhodes, John. 360 Blackburn-road, Accrington, Lancashire.

1888. § Rhodes, John George.
.
Beckenham, Kent.

1884. 1Rhodes, Lieut.-Colonel William. Quebec, Canada.
1877. *Riccardi, Dr. Paul, Secretary of the Society of Naturalists. Via

Stimmate, 16, Modena, Italy.

1888.

•Richardson, Arthur, M.D. Univemity Collie, Bristol.

1863. ^Richardson, Benjamin Ward, M.A., M.D., LL.D., F.R.S. 26
Manchester-square, London, W.

,

1861. tRichardson, Charles. 10 Berkeley-square, Bristol.

1869. *Richardson, Charles. 4 Northum^rland-avenue, Putney, S.W.
1863. *Richard8on, Edward. Warkworth, Northumberland.
1887. *Richard8on, Miss Emma. Conway House, Dunmurry, Co. Antrim.
1882. §Richardson, Rev. George, M.A. The College, Winchester.
1884. •Richardson, George Straker. Isthmian Club, 160 Piccadilly,

London, W.
1884. •Richardson, J. Clarke. Derwen Fawr, Swansea.
1870. ^Richardson, Ralph, F.R.S.E. 10 Magdala-place, Edinburgh.
1881. ^Richardson, W. B. Elm Bank, York.
1861. jRichardson, William. 4 Edward-street, Wemeth, Oldham.
1876. §Richardson, William Haden. City.Glass Works, Glasgow.
1886. §Richmond, Robert. Leighton Buzzard.
1863. jRichter, Otto, Ph.D. 407 St. Vincent-street, Glai^ow.
1868. fRicketts, Charles, M.D., F.G.S. 18 Hamilton-square, Birkenhead*
1877. {Ricketts, James, M.D. St. Helen’s, Lancashire.

•Riddell, MajoivGeneral Charles J. Buchanan, O.B., BbA*, F.B.S*
Oakiands, Chhdleigh, Devon.

1861. •Riddell, Henry B. Whitefield House, Rothbury, Morpeth*
1883. •Rideal, Samuel. Mayow-road, Forest Hill, Kent, S.E.
1872. I James. 98 Qneen^s-^oadf Brighton.

1862. {Ridgway, Henry Ackroyd, B.A. Bank field, HaKfaz.
1861. {Ridley, John. 19 Belsize-park, Hampstead, Ix>ndon, N.W.
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1^4. IRidout, Thomas. Ottawa, Canada.
1863. *Rigby, Samuel. Fern Bank, Liverpool-road, Chester.
1881. *Bigg, Arthur. 71 Warrington-crescent, London, W.
1883. *RiQa, Edward, M.A. Royal Mint, London, E.
1883. tRigg, F. F.,* M.A. 32 QueenWoad, Southport.
1883. *Rigge, Samuel Taylor, F.S.A. Balmoral-place, Halifax.
1873. ^Ripley, Sir Edward, Bart. Acacia, Apperley, near Leeds.

*Ridon, The Most Hon. fhe Marquis of, K.Q., &.C.S.I., C.I.E., D.O.L.,
F.R.S., F.L.S., F.R G.S. 1 Carlton-gardens, London, S.W.

1867. ^Ritchie, John. Fleuchar Craig, Dundee.
1855. %Kitchiey Mobert. 14 Hill-atre^y JBdinburgh.

1867. jRitchio, William. Emslea, Dundee.

1869.

’•Rivington, John. Babbicoinhe, near Torquay.
1888. §Robb, W. J. Firth College, Sheffield.

1854. fRobberds, Rev. John, B.A. ^^ttledown Tower, Cheltenham.
1869. *Robbins,»John, F.C.S. 67 Warrington-crescent, Maida'Vale, London,

W.* •

1878. ^Roberta, Charles, F.R.C.S. 2 Bolton-row, London, W.
1887. '"'Roberts, Evan. 3^Laurel-bank, Alexandra-road, Manchester.
1869. ^Roberts, Heorge Christopher. Hull.
1870. *Roberts, IfAAO, F.G.S. Kennessee, Maghull, Lancashire.

1883. ^Roberts, R^lph A. 23 Clyde-road, Dublin. ^

1881. Jl^oberts, R. D., M.A., D.Sc., F.G.S. Clare College, Cambridge.
1879. ^Roberts, Samuel. The Towers, Sheffield.

1879. {Roberts, Samuel, jun. The Towers, Sheffield.

1883. {Roberts, Sir William, M.D., F.R.S. 89 Mosley-street, Man-
chester.

1868. *RoBBRT8-ATr8TEN, W. CHANDLER, F.R.S., F.C.S., Chemist to the
Royal Mint, and Professor of Metallurgy in the Royal School
of Mines. Royal Mint, London, E.

1883. i^Robertson, Alexander. Montreal, Canada.
1884. '•Robertson, Andrew. Elmbank, Dorchester-street, Montreal, Canada.
1859. IRobertson, Dr. Andrew. Indego, Aberdeen.
1884. ifRobertson, E. Stanley, M.A. 43 Waterloo-road, Dublin.

1871. {Robertson, George, M.Inst.C.E., F.R.S.E. 47 Albany-street, Edin-
burgh.

1883. ^Robertson, George H. The Nook, Gateacre, near Liverpool.

1883. {Robertson, Mrs. George H. The Nook, Gateacre, near Liverpool.

1876. {Robertson, B. A. Newthorn, Ayton-road, Pollokshields, Glasgow.
1866. {Robertson, Sir William Tindal, M.D., M.P. 9 Belgrave-terrace,

Brighton.
1888. *Robins, E. C. Arts Club, Hanover-square, London, W.

1886.

•FUibinson, C. R. 27 Elvetham-road, Birmingham.
1886. ^Robinson, Edward E. 66 Dovey-street, Live^ool.
1861. {RoHnson, Enoch. Dukinfield, Ashton-under-Lyne.
1862. {Robinson, Rev. George, ^ech Hill, Armagh.
1887. §Robinson, Henry. 7 Westminster-chambers, London, S. W.
1873. {Robinson, Hugh. 82 Donegall-street, Belfast.

1887. {Robinson, James. Akroydon Villa, HaRfax, Yorkshire.

1861. JRobinson, John, M.lnst.C.E. Atlas Works, M^chester.

1888. §Robii)8on, John. Engineer’s Office, Barry, Cardiff.

1863. tRobinson, J. H. 6 Montallo-terrace, Barnafd Castle.

1878. {Robinson, John L. 108 Great Brunswick-street, Dublin. •

1876. {Robinson, M. E. 6 Park-circus, Glasgow. -

1887. §Robinson, Richard. Belliield Mill, Rochdale.

1881. fRobinson, Richard Atkinson. 195 Brompton-road, London, S.W*
1875. '•Robinson, Robert, M.InstiC.E., F.G.S. Beechwood, Darlington.
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1860. ifHobinson^ Admiral Sir Robert Spencer, K.O.B., F.R.S. 61 Eaton-
place, London, S.W.

1884. ^Robinson, Stillman. Columbus, Ohio, CJ.S.A.

1863. jRobinson, T. W. U. Houghton-le-Sprinf?, Durham.
1888. §Robottom, Arthur. 3 St. Alban’s-villas, Highgate-road, London,

N.W.
1870. *Rob8on, E. R. Palace Chambers, 9 Bjridgenstreet Westminster, S.W#
1876. :|:Robson, Hazleton R. 14 Royal-crescent West, Glasgow.

"

1855. XItoh8<m, Neil. 127 St, Virwent^street^ Glasgow.
1872. *Robson, William. Marchholm, Gillsland-road, Merchiston, Edin-

burgh.
1885. §Rodger, Edward. 1 Claremont-gardens, Glasgow,
1886. *Rodriguez, Epifanio. 12 John-street, Adelphi, London, W.C.
1872. ifRoDWBLL, George F., F.R.A.S., F.O.S. Marlborough College,

Wiltshire.
1866. Thomas. Grove-villas, Sitchurch.

* *

1860. ^Rogers, James E. Thorold, Professor of Economft Science and
Statistics in King’s College, London.

^
Beaumont-street, Oicfoid.

1867. James S. Rosemill, % Dundee.

1883.

i:Rogers, Major R. Alma House, Cbeltenliam.

1882. §Rogers, Rev. Saltren, M.A. Gwennap, Redruth. Pornwall.
1883. ^Rogers, Thomas Stanley, LL.B. 77 Albert-road, Southport,
1884. •Rogers, Walter M. Lamowa, Falmouth.
1886. ^Rogers, W. Woodbourne. Wheeley’s-road, Edgbaston, Birming-

ham.
1876. :|;Rollit, Sir A. K., M.P., B.A., LL.D., D.C.L., F.R.A.S., Hon,

Fellow K.C.L. Thwaite House, Cottingham, East Yorkshire.
1876. ^Romanes, George John, M.A., LL.D., F.R.S., F.L.S. 18 Corn-

wall-terrace, Regent’s Park, London, N.W.
1846. ^Ronalds, Edmund, Ph.D. Stewartfield, Bonnington, Edinburgh.
1869. JRoper, O. H. Magdalen-street, Exeter.

1872. jRoper, Freeman Clarke Samuel, F.L.S., F.G.S. Palgrave House,
Eastbourne.

1881. *Roper, W. O. Eadenbreck, Lancaster.

1865. *Roscoe, Sir Henry Enfield, B.A., Ph.D., LL.D., D.C.L., M.P.,
F.R.S., F.C.S. 10 Bramham-gardens, London, S.W.

1883. *11086, J. Holland, M.A. Aboyne, Bedford Hill-road, Balham,
London, S.W.

1885. Alexander. Riverfield, Inverness.

1874. |Ros8, Alexander Milton, M.A., M.D., F.G.S. Toronto, Canada.
1867. j:Ros8, David, LL.D. 32 Nelson-street, Dublin.
1887. §Ross, Edward. Marple, Cheshire.

1880, tl^ss, Captain G. E. A., F.R.G.S. 8 Collingham-gardens, Oromwell-
road, London, S.W.

1872. ^;Ross, James, M.D. Tenterfiold House, Waterfoot, near Manchester.
1869. *Ross, Rev. James Coulman. Baldon Vicarage, Oxford.
1874. XNosSf Rev. William. ChapelhUl Manse, Rothesay, Scotlamd.

1880. Major William Alexander. Acton House, Acton, London, W.
1869. *Rob8E, The Right iffon. the Earl of, B.A., D.O.L., LL.D., F,R.S.,

F.R.A.S., M.R.I.A. Birr Castle, Parsonstown, Ireland.

1866. *Rothera, George Bell. 17 Waverley-street, Nottinghaim
1876. JRottenburgh, Paul. 13 Albion-crescent, Glasgow.
1884. •Rouse, M. L. 343 Church-street, Toronto, Canada.
1861. tRouTH, Edward J., M.A., D.Sc., F.R.S., F.R.A.S., F.G.S. St.

Peter^s College, Cambridge. *

. 1881. Rev. William, M.A. Clifton Green, York.
1861. JRowan, David. Elliot>etreet, Glasgow.
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1888. IRowan, Frederick John. 134 St. Vincent-street, Glasgow.
1887. §Rowe, Rev. Alfred W., M.A., F.G.S. Felstead, Essex.
1881.

tRowe, Rev. G. Lord Mayor's Walk, York.
1866. §Rowe, Rev. John. liOad Vicarage, Langport, Somerset.
1877. JRowb, J. Brookeno, F.L.S., F.S.A. 16 Lockyer-street, Plymouth.
lo66. •Rownby, Thomas H., Ph.D., F.O.S., Professor of Chemistry in

Queen’s College, Galway. Salerno, Salthill, Galway.
1881. ^Rowntree, Joseph. 37 «St. Mary’s, York.
1881. *Rowntrbe, J. S. The Mount, York.
1862. |Row6ell, Rev. Evan Edward, M.A. Ilambledon Rectory, Godal*

ming.
1876. ^Roxburgh, John. 7 Royal Bank-terrace, Glasgow.
1883. JRoy, Charles S., M.D.^ F.R.S., Professor of Pathology in the Uni-

versity of CamVidge. Trinity College, Cambridge.
1886. tRoy, John. 33 Belvidere-street, Aberdeen.
1888. §Roy, Paibati Chum, B.A. Calcutta, Bengal, India

;
and University

Hall, Gordon-squa^ London, W.C.
1861. *Boyle, Peter, M.D., L.IT.C.P., M.R.C.S. 27 Lever-street, Man-

chester.

1876. JRircKER,, A. W., M.A., F.R.S., Professor of Physics in the Royal
School of Mines. Errington, Clapham Park, London, S.W.

1869. §RTrDLER, F>W., F.G.S. The Museum, Jermyn-street, London, S.W.
1882. IRumball, Thomas, M.Inst.C.E. 8 Queen Anne’s-gate, London, S.W.
1884. §Runtz, John. Linton Lodge, Lordship-road, Stoke Newington,

London, N.
1887. §Ruscoe, John, F.G.S. Ferndale, Gee Cross, near Manchester.

1847. fRusKiN, John, M.A., F.G.S. Brantwood, Coniston, Ambleside.
1876. *Russell, The Hon. F. A. R. Pembroke Lodge, Richmond Park

' Surrey.

1884. IRussell, George. Hoe Park House, Plymouth.
1883. *Russell, J. W. Merton College, Oxford.

Russell, John. 39 Mountjoy-square, Dublin.

1862. '"'Russell, Norman Scott. Arts Club, Hanover-square, London, W.
1876.' §Russell, R., F.G.S. 1 Sea View, St. Bees, Carnforth.

1886. tRussell, Thomas H. 3 Newhall-street, Birmingham.
1862. §RtrssELL, W. H. L., B.A., F.B.S. 3 Ridgmount-terrace, Highgate,

London, N.
1862. •Russell, William J., Ph.D., F.R.S., F.C.S., Lecturer on Chemistry

• in St. Bartholomew’s Medical College. 34 Upper Hamilton-
terrace, St. John’s Wood, London, N.W.

1886. §Ru8t, Arthur. Eversleigh, Leicester.

1883. •Ruston, Joseph, M.P. Monk’s Manor, Lincoln.

1871. §Rutherford, William, M.D., F.R.S., F.R.S.E., Professor of the
Institutes of Medicine in the University of Edinburgh.

1887. §Butherford, William. 7 Vine-grove, Chapman-street, Hulme, Man-
cli0S^0ir

1881, JRutson, Albert. Newby^Wiske, Thirsk.
Rutson, William. Newby Wiske, Northallerton, Yorkshire.

1879. JRuxton, Rear-Admiral Fitzherbert, R.Nv F.R.G.S. 41 Cromwell-
gardens, London, S.W.

1876. JRyaJlls, Charles Wager, LL.D. 3 Brick-court, Temple, London, E.C.

1886. ^RyTand, F. Augustus-rokd, Edgbaston, Birmingham.
1865. :{;Ryland, Thomas. The Redlands, Erdin^on, Birmingham.
1861. •Rylands, Thomas Glazbbbook, P.L.S., F.G.S. Highfields, Thel-

wall, near Warrington.

1,883. *Sabinef
JRobert, 3 Great TjTinchester-streef-buildinffSf Londony E, C,
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1883. :{;Sadler, Robert. 7 Lulworth-road, Birkdale, Southport.

1871. JSadler, Samuel Champemowne. Purton Court, Purton,near Swindon^
Wiltshire.

1886. tSaint, W. Johnston. 11 QueenVroad, Aberdeen,
1866. ^St. Albans, His Grace the Duke of. il^stwood Bodge, Arnold, near

Nottingham.
1886. §St. Clair, George, F.G.S. 127 Bristol-road, Birmingham.
1887. *Salford, the Right Rev. the Bishop of. Bishop's House,.Salford.
1881. :fSalkeld, William. 4 Paradise-terrace, Darlington.

1867. JSalmon, Rev. George, D.D., D.C.L., LL.D., F.R.S., Provost of
Trinity College, Dublin.

1883. ISalmond, Robert G. The Nook, Kingswood-roaJ, Upper Norwoods

1873. ^Salomons, Sir David, Bart. Broomhill, Junbiidge Wells.
1883. §Salt, Shirley H., M.A. 73 Queensborough-terrace, London, W.
1872. JSalvin, Osbert, M;A., F.R.S., F.L.S. Ilawksfold,JIaslemere..
1887. §Samson, C. L. Carmona, Kersal, Manchester.
1861 . *Samson, Henry. 6 St. Peter’s-sqiiafe, Manchester.
1861. *Sandeman, Archibald, M.A. Garry Cottage, Perth,

1876. ISandeman, David. Woodlands, Lenzie, Glasgow.
,

1 883. jSandeman, E. 63 Newton-street, Greenock.
1878. JSanders, Alfred, F.L.S. 2 Clarence-place, Gravefdhd, Kent.
1883. *Sanders, Charles J. B. Pennsylvania, Exeter.

1834. fSanders, Henry. 186 James-street, Montreal, Canada.
1872. fSanders, Mrs, 8 Powis-square, Brighton.
1883. JSanderson, Surgeon Allred. East India United Service Club, St.

JamesVsmiare, London, S.W.
1872. ^Sanderson, J. S. Bttrdon, M.D., LL.D., F.R.S., Professor of

Physiology in the University of Oxford. 64 Banbury-road,
Oxford.

1883. ^Sanderson, Mrs. Burdon. 64 Banbury-road, Oxford.
Sandes, Thomas, A.B. Sallow Glin, tarbert, Co. Kerry,

1864. itSandford, William. 9 Springdeld-place, Bath.
1886. §Sankey, Percy E. Lyndhurst, St. Peter’s, Kent.
1886. JSauborn, John Wentworth. Albion, New York, U.S,A,
1886. JSaundby, Robert, M.D. 83a Edmund-street, Birmingham.
1868. tSaunders, A., Milnst.C.E. King’s Ljj^nn.

1886. :t;Saunder8, C. T. Temple-row, Birmingham.
1881. JSaxinbers, Howard, F.L.S., F.Z.S. 7 Radnor-place, London, W.
1883. tS&'Unders, Rev. J. C. Cambridge.
1846. JSaitnders, Trblawnbt W., F.R.G.S. 3 Elmfield on the Knowles,.

Newton Abbot, Devon.
1884. :|:Saunders, William. London, Ontario, Canada.
1884. ISaunderson, C. E. 26 St. Famille-street, Montreal, Canada.
1887. §Savage, Rev. E. B

,
M.A. St. Thomas’ Parsonage, Douglas, Isle of

Man.
1871. §Savage, W. D. Ellerslie House, Brighton.
1883. iSavage, W. W. 1 09 St. James’s-street, Brighton.

1883. JSavery, G. M., M.A. ^ The College, Harrogate.
1872. *Sawyer, George David, F.R.M.S. 66 Bu<^ingham-place, Brighton.

1887. §Satce, Rev. A. H., M.A., Deputy Professor of Comparative Philo-
logy in the University of Oxford. Queen’s College, Oxford.

1884. tSayre, Robert H. Bethlehem, Pennsylvania, U.8.A.
1883. •Scarborough, George. Holly Bank, Halifax, Yorkshire*

1883. XScarithrickf CharUi* 6 Palace^gatey Kenaingtonf London^ W,
1884. fScarth, William Bain. Winnipeg, Manitoba, Canada.

J868. §Schacht, G. F. 1 Windsor-terrace, Clifton, Bristol.
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1879. *ScHAEER, E# A., F.R.S., M.R.O.S., Professor of Pliysiology in Uni-
versity College) London. 149 Ilarley-street, London, W.

1883. :t:Sohafer, Mrs. 149 Harley-street, London, W.
1888. §Scliarfi', Robert F., Pli.D., B.Sc. Science and Art Museum^
" Dublin.

1880. *Scbemmann, Louis Carl. Hamburg. (Care of Messrs. Allen Everitt
& Sons, Birmingham.)

1888. *ScbicUe, Rev, C. W., M*A. The Rectory, Langridge.
1842. Schofield, Joseph. Stubley Hall, Littleborough, Lancashire.

1887. ^Schofield, T. Thornfield, Talbot-road, Old Traffbrd, Manchester.
1883. jSchofield, William. Alma-road, Birkdale, Southport.
1886, §Scholes, L. Holly Bank, 19 Cleveland-road, Higher Crumpsall, near

Mancffester.

1888. §Scholoy, J. Cranefield. 30 Sussex-villas, Kensington, London, W.
1887. §Schorlemmer, Carl,^.L.D., F.R.S’., Professor of Organic Chemistry

in the Owens College, Manchester.
1876.* :J;Schum|in, Sigismond. 7 Royal Bank-place, Glasgow.

ScHUNCK, Edward, Ph.D., F.R.S., F.C.S. Oaklands, Kersall Moor,
. Manchester.

1873. *ScHTiaTE®, Arthur, Ph.D., F.R.S., F.R.A.S., Professor of Physics
in tlie Owens College, Manchester.

1861. *Schwabe, •Edmund Salis. Ryecroft House, Cheetham HDl, Man-
chester.

1887. ISchwabe, Colonel G. Salis. Portland House, Higher Crumpsall,
£LIlcll0Sl^0X'«

1847. *ScLAT£R, Philip Lutley, M.A., Ph.D., F.R.S., F.L.S., F.Q.S.,
F.R.G.S., Sec.Z.S. 3 Hanover-square, London, W.

1883. •ScLATER, William Lutley, B.A., F.Z.S. 3 Hanover-square, Lon-
don, W.

1867. tScoTT, Alexander. Clydesdale Bank, Dundee.
1881. •Scott, Alexander, M.A., D.Sc. 4 North Bailey, Durham.
1882. IScott, Colonel A. de C., R.E, Ordnance Survey Office, Southampton.
1878. •Scott, Arthur William, M.A., Professor of Mathematics and Natural

Science in St. David’s College, Lampeter.
1881. §Scott, Miss Charlotte Angus. Lancashire College, Whalley Range,

Manchester.
1886. IScott, George Jamieson, Bayview House, Aberdeen.
1886. fScott, Robert. 161 Queen Victoria-street, London, E.C.
1867. •Scott, Robert H., M.A., F.R.S., F.G.S., F.R.M.S., Secretaiw to

the Council of the Meteorological Office. 6 Elm Park-gardens,
London, S.W.

1861. §Scott, Rev. Robert Selkirk, D.D. IB Victoria-crescent, Dowanhill,
Glasgow.

1884. •Scott, Sydney C. 16 Queen-street, Cheapside, London, E.C.
1869. JScott, William Bower. Chudleigh, Devon.
1886. XScott-Moncriefft W, G. The Castle^ Banff^
1881. •Scrivener, A. P. HaglisrHouse, Wendover.
1883. $Scrivener, Mrs. Haglis House, Wendover.
1869. ISeaton, John Love. Th,e Park, Hull.

1880. JSedgwick, Adam, M.A., F.R.S. Trinity College, Cambridge.
1880. iSBBDOHM, Henry, F.L.S., F.Z.S. G Tenterden-street, Hanover-

• square, London, W. *

1861. •Seeley, Harry Govier, F.R.S., F.L.S,, F.G.S., F.R.G.S., F.Z.S.,

Professor of Geography in King’s College, London, The Vine,
Sevenoaks.

1866. ISeligman, H. L. 27 St. Vincent-place, Glai^ow.
1879. §Selim, Adolphus. 21 Mincing^lane, London, E.C.
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1S86. §Semple, Dr. United Service Olub, Edinburgh.
1887. §Semple, James 0., M.R.I.A. 64 Grosvenor-road, Katbmines^ Dublin.
1873. :t;Semple, R. H., M.D. 8 Torrington-square, London, W.C.
1888. §Senier, Alfred, M.D., Ph.D., F.O.S. Thomfield, Harold-road,

London, S.E. •

1868.

*Senior, George, F.S.S. Old Whittington, Chesterfield.
*

1888. •Sennett, Alfred R., A.M.Inst.C.E. 1 Temple-gardens, London, E.O.
1870. *Sephton, Rev. J. 90 Huskisson-street) Liverpool.
1883. §Seville, Miss M. A. Blythe House, Southport.
1876. §Seville, Thomas. Blythe House, Southport.
1868. tSewell, Philip E. Oatton, Norwich.
1888. §Shackle8, Charles F. Hornsea, near Hull. ,

1883. fShadwell, John Lancelot. 17 St. Charles-square, Ladbroke Grove-
road, London, W. »

1871. *Shand, James. Parkholme, Elm Park-gardens, London, S.W.
1867. gShanks, James. Dens Iron Works, Arbroath, N.B.

,

1881. fShann, George, M.D. Petergate, Y6rk. «

1869. *Shapter, Dr. Lewis, LL.D. 1 BarnMeld-crescent, Exeter.
1878. :|;Sharp, David, M.B. Bleckley, Shirley Warren, Southampton..

Sharp, Rev. John, B.A. Horbury, Wakefield.
1886. tSharp, T. B. French Walls, Birmingham.

•Sharp, William, M.D., F.R.S., F.G.S. Horton H«dbse, RugW.
Sharp, Rev. William, B.A. Mareham Rectory, near Boston, Lincoln-

shire.

1883. ^Sharpies, Charles 11., F.C.S. 7 Fishergate, Preston.
1870. iShaw, Duncan. Cordova, Spain.
1866. it^Shaw, George. Cannon-street, Birmingham.
1881. *Shaw, H. S^ Held, M.Inst.C.E., Professor of Engineering in Univer-

sity College, Liverpool.

1887. •Shaw, James B. Holly Bank, Cornbrook, Manchester.
1870. JShaw, John. 21 St. JamesWoad, Liverpool.

1846. JShaw, John, M.D., F.L.S., F.G.S. Viatoris Villa, B<5ston, Lincoln-
shire.

1887. §Shaw, Saville. College of Science, Newcastle-on-Tyne.
1883. •Shaw, W. N., M.A. Emmanuel House, Cambridge.
1883. fShaw, Mrs. W. N. Emmanuel House, Cambridge.
1883. fSheard, J. 42 Hoghton-street, Southport.
1883. •Shearer, Miss A. M. Bushy Hill, Cambuslang, Lanark.
1884. JSheldon, ProfeMor J. P. Downton College, near Salisbury.

1878. §Shelford, William, M.Inst.C.E. 36a Great George-street, West-
minster, S.W.

,

1866. JShenstone, Frederick S. Sutton Hall, Barcombe, Lewes.
1881. JShenstone, W. A. Clifton College, Bristol.

1886. jShepherd, Rev. Alexander. Ecclesmechen, Uphall, Edinburgh.
1863. tShepherd, A. B. 17 Great Cumberland-place, Hyde Park,London,W.
1886. jShepherd, Charles. 1 Wellington-street, Aberdeen.
1883. ^Shepherd, James. Birkdale, SoutUbort.

Sheppard, Rev. Henry W., B.A. The Parsonage, Emsworth, Hants.

1883. §Sherlock, David. Lcyver Leeson-street, Dublin.

1883. §Sherlock, Mrs. David. Lower Leeson-street, Dublin.

1883. fSherlock, Rev. Edgar. Bentham Rectory, vid Lancaster.^.

1886. ^Shield, Arthur H« 86a Great George-street, London, S.W.
1883. *ShiIlitoe, Buxton, F.R.C.S. 2 Frederick-place, OldJewry, London,E.C.
1867. tShinn, William C. 4 Varden’s-road, Clapham Junction, Surrey, S.W.
1887. *Shiplbt, Aethub E., M.A. Christ’s College, Cambridge.
1886. tShirras, Q. F. 16 Carden-place, Aberdeen.
.1888. |Shone, Isaac. Pentrefelin House, Wrexham.
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1870. *Shoolbkbd, James N.,M.Inst.O.E.,F.G.S. 3 Westminster-chambers.
• London, S.W.

1888. §Shoppee, O. H. 22 John-street, Bedford-row, London, W.O.
1888, §Shoppee, G. W. 64 Doughty-street, Gray’s Inn, London, W.C.
If76. fSHOBE, Th'omas W., F.C.S., F.G.S. Hartley Institution, South-

ampton. ^
1882. JShokb, T. W., M.rt, B.Sc., Lecturer on Comparative Anatomy at

* St. Bartholomew^ Hospital. 13 Hill Side, Crouch Hill, Lon-
don, N.

1881. XShuter, James L. 9 SUde^S'Voad, Haverstock Ilillf London

j

A'. W,
1883. iSibly, Miss Martha Agnes. Flook House, Taunton.
1883. •Sidebothanu Edward John. Erlesdene, Bawdon, Cheshire.
1883. *Sidebotham, James Nasmyth. Erlesdene, Bowdon, Cheshire.
1877. *Sidebotham, Joseph JiVatson. Erlesdene, Bowdon, Cheshire.
1885. *SiDQWiCK, Henry, M.A., Litt.D., Pi’ofessor of Moral Philosophy

in the University ^of Cambridge. Hillside, Chesterton-road,
Oambridge.

Sidney, M. J. F. Cowp^n, Newcastle-upon-Tyne.
1873. *Siemens, AlexandA*. 12 Queen Anne’s-gate, Westminster, S.W.
1878. :|:Sigerson, Professor George, M.D., F.L.S., M.K.I.A. 3 Clare-street,

Dublin.
1869. JSim, Joh^.* Hardgate, Aberdeen.
1871. JSime, James. Craigmount House, Grange, Edinburgh.
1862. t^imms, James. 138 Fleet-street, London, E.C.
1874. JSimms, William. The Linen Hall, Belfast.

1876. JSimon, Frederick. 24 Sutherland-gardens, London, W.
1887. *Simon, Henry. Darwin House, Didsbury.
1847. tSimon, Sir John, K.O.B., D.G.L., F.II.S., F.R.C.S., Consulting

Surgeon to St.* Thomas’s Hospital. 40 Kensington-square,
London, W.

1866. ^Simons, George. The Park, Nottingham.
1871. *SiMPSON, Alexander B., M.D., Professor of Midwifery in the Uni-

versity of Edinburgh. 52 Queen-street, Edinburgh.
1883. §Simpson, Byron R. 7 York-road, Birkdale, Southport.
1887. §Simpson, F. Estacion Central, Buenos Ayres.
1867. fSimpson, G. B. Seafield, Broughty Ferry, by Dundee.
1869. jSimpson, John. Maykirk, Kincardineshire.

1863. tSimpson, J. B., F.G.S. Hedgefield House, Blaydon-on-Tyne.
3867. ifSiMPsoN, Maxwell, M.D., LL.D., F.R.S., F.C.S., Professor of

Chemistry in Queen’s College, Cork.
1883. JSimpson, Walter M. 7 York-road, Birkdale, Southport.

Simpson, William. Bradmore House, Hammersmitn, London, W.
1884. ^Simpson, W. J. Ji., M.D. Town Houscy Aberdeen,
1887. ^Sinclair, Dr. 268 Oxford-street, Manchester.
1874. ^Sinclair, Thomas. Dunedin, Belfast.

1870. *Sinclair, W. P., M.P. 19 Devonshire-road, Prince’s Park, Liverpool.

1864. *Sircar, The Hon. Maheiidra Lai, M.D., C.I.E. 61 Sankaritola, Cal-
cutta.

1866. JSissons, William. 92 Park-street, Hidl.

1879. JSkertchly, Sydney B. J., F.G.S. 3 Loughborough-terrace, Carshal-

. ^ ton, Surrey.

1883. ISkillicome, W. N. 9 Queen’s-parade, Cheltenham.
1880. JSkinner, Provost. Inverurie, N.B.
1888. §Skrine, H. D., J.P., D.L. Claverton Manor, Bath.

1870. ISladen, Walter Percy, F.G.S., F.L.S. Orsett House, Ewell,
Surrey.

rpL873. {Slater, Clayton. Bamoldswick, near Leeds.



92 LIST OF MEMBERa
Year of
Election.

1842. •Slater, William. Park-lane, Higher Broughton, Manchester.1884,

JSlattery, James VV. 9 Stephen’s-green, Dublin.
1877. tSlaeman, Bey. Philip, L.Th., F.R.A.S., F.G.S. Clifton, Bristol.

1884. jSlooten, William Venn. Nova Scotia, Canada.
1849. Jsioper, George Elgar. Devizes.

1860. Jsioper, S. Elgar. Winterton, near Hythe, Southampton.
1867. JSmall, David. Gray House, Dundee. ^
1887. §Small, E. W. 1 1 Arthur-street, Nottingham.
1887. §Small, William. Cavendish-crescent North, The Park, Nottingham.
1881. itSmallshan, John. 81 Manchester-road, Southport.
1886. §Smart, James. Valley Works, Brechin, N.B.
1858. tSmeeton, G. H. Commercial-street, Leeds.

,

1876. §Smellie, Thomas D. 213 St. Vincent-street, Glasgow.
1877. JSmelt, Rev. Maurice Allen, M.A., F.I^ A.S. Heath Lodge, Chel-

tenham.
^

1876 ifSmieton, James. Panmure Villa, Broughty Ferry, Dundee.
1876. iSmietoh, John G. 3 Polworth-road, Coventry Park, Streatham,

^
London, S.W.

1867. JSmieton, Thomas A. Panmure Villa, BrOoghty Ferry, Dundee#
1867. iSmith, Aquilla, M.D., M.R.I.A. 121 Lower Daggot-street, Dublin.
1872. *Smith, Basil Woodd, F.R.A.S. Branch Hill Lodge, Hampstead

Heath, London, N.W.
1874. *Smith, Benjamin Leigh, F.R.G.S. Oxford and Cambridge Club,

Pall Mall, London, S.W.
1887. JSmith, Biyce. Rye Bank, Chorlton-cum-Hardy, Manchester.
1873. JSmith, C. Sidnpy College, Cambridge.
1887. *Smith, Charles. 739 Rochdale-road, Manchester,
1866. j:SMiTn, David, F.R.A.S. 40 Bennett’s-hill, Birmingham.
1886. JSmith, E. Fisher, J.P. The Priory, Dudley.
1886. JSmith, E. O. Council House, Birmingham.
1886. JSmith, Edwin. 33 Wheeley’s-road, Edgbaston, Birmingham.
1866. •Smith, F. C. Bank, Nottingham.
1887. §Smith, Rev. F. J., M.A. Trinity College, Oxford.
1866. j:Smith, Geoige. Port Dundas, Glasgow.
1885. JSmith, Rev. G. A., M.A. 91 Fountainhall-road, Aberdeen.
1860. *Sraith, Heywood, M.A., M.D. 18 Harley-street, Cavendish-square,

London, W.
1870. j:Sraith, H. L. Crabwall Hall, Cheshire.
1888. §Smith, H. W. Owens College, Manchester.
1886. j:SmiMi, Rev. James, B.D. Manse of Newhills, N.B.
1876. *Smith, J. Guthrie. 64 West Nile-street, Glasgow.
1874. :}:Smith, John Haigh. 77 Southbank-road, Southport.

Smith, John Peter George. Sweyney Cliff, Coalport, Iron Bridge,
Shropshire.

1871. iSmith, J. William Robertson, M.A., Lord Almoners Professor of
Arabic in the University of Cambridge.

1883. tSmith, M. Holroyd. Fern Hill, Haltfax.
1886. •Smith, Mrs. Hencotes House, Hexham.
1860. •Smith, Protherob, IV^ D. 42 Park-street, Grosvenor-squaxe, Lon-

don, W.
1837. Smith, Richard B^an. Villa Nova, Shrewsbuiy.

ji,

1886. :t:SMiTH, Robert it., M.In8t.C.E., Professor of Engiueenng in the
Mason Science College Birmingham.

^

1840. •Smith, Robert Mackay. 4 ^Uevue-crescent, Edinburgh.
1870. ISmith, Samuel. Baim of Liverpool, Liverpool.
1866. ^Smith, Samuel. 33 Compton-street, Goswell-road, London, E.C.
1873. ISmith, Swire. Lowfield, Keighley, Yorkshire.
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1867, |Smith, Thomas. Dundee.
1867. tSmith, Thomas. Poole Park Works, Dundee.
1869. ^Smith, Thomas James, F.G.S., F.C.S. Hornsea Burton, East York-

shire.
^

1884. ;|;Smith, Vernon. 127 Metcalfe-street, Ottawa, Canada.
1886. •Smith, Watson. 14/^ High-street, Chorlton-on-Medlock,Manchester.
1887. §Smitb, Dr. Wilberforce. 14 Stratford-place, London, W.
1862. fSniith, William. Egliftton Engine Works, Glasgow.
1876. •Smith, William. Sundon House, Clifton, Bristol.

1876. tSmith, William. 12 Woodside-place, Glasgow.
1883. fSmithells, Arthur, B.Sc., Professor of Chemistry in the Yorkshire

College, Leeds.
1883. ^Smithson, Edward Walter. 13 Lendal, York.
1883. fSmithson, Mrs. 13 Lendal, York.
1878. JSmithson, Joseph S. Balna^owan, Rathmines, Co. Dublin.
1882.

.
JSmithson, T. Spencer. Facit, Rochdale. . *

1874. JSmootHy, Frederick. Boeing, Essex.
1860. *SMrTH, Charles Piazzi, F.II.S.E., F.R.A.S. 16 Royal-terrace,

EdinbareU.
*

1883. ifSmyth, Rev. Christopher. The Vicarage, Bussage, Stroud.
1874. jSmyth, Hgnry. Downpatrick, Ireland.

1878. §Smyth, Mrsrisabella. Wigmore Lodge, Cullenswood-avenue, Dublin.
1867. *Smtth, John, jun., M.A., F.C.S., F.R.M.S., M.Inst.0.E.I. Milltown,

Banbridge, Ireland.

1864. JSmyth, Sir Warington W., M.A., F.R.S., F.G.S., F.R.G.S., Lecturer
on Mining and Mineralo^ at the Royal School of Mnes, and
Inspector of the Mineral Property of the Crown. 6 Inverness-
terrace, Bayswater, London, W.

1888. *Snape, H. Lloyd, D.Sc., Ph.Di, F.C.S., Professor of Chemistry in

University College, Aberystwith.
1883. Joseph, 13 Scartsbnck-street, Southport.

1888. §Snell, Albion T. Messrs. Immisch & Co., London.
1887. jSnell, Bernard J. 6 Park-place, Broughton, Manchester.
1878. §Snell, H. Saxon. 22 Southampton-buildings, London, W.C.
1879. *SoLLA8, W. J., M.A., D.Sc., F.K.S.E., F.G.S., Professor of Geology

in the University of Dublin. Trinity College, Dublin.
Sorbey, Alfred. The Rookery, Ashford, Bakewell.

1869. •Sorry, H. Clifton, LL.D.,F\R.S., F.G.S. Broomfield, Sheffield.

1879. *Sorby, Thomas W. Storthfield, Sheffield.

1888. §^rley. Professor W. R. University College, Cardiff.

1886. fSouthall, Alfred. Carrick House, Richmond Hill-road, Birmingham.
1866. •Southall, John Tertius. Parkfields, Ross, Herefordshire.

1869. ISouthaU, Norman. 44 Cannon-street West, London, E.C.
1887. §Sowerbutts, Eli. Market-place, Manchester.

1863. iSowerby, John. Shipcote House, Gateshead, Durham.
1883. fSpanton, William Dunncjtt, F.R.O.S. Chatterley House, Hanley,

Staffordshire.

1863. *Spark, H. King. Starforth House, Barnard Castle.

1869. *Spence, J. Berger. 31 Lombard-street,•London, E.O.

1887. §Spencer, F. M. Fernhill, Knutsford.

1881. JSpa^cer, Herbert E. Lord Mayor’s Walk, York.

1884. §Spencer, John, M.InstM.E. Globe Tube W rks, Wednesbury,
1861. fSpencer, John Frederick. 28 Great George-street, I^mdon, S.W.
1861. •i&pencer, Joseph, Springbankf Old Trafford, Muncheste^',

1863. •Spencer, Thomas. The Grove, Ryton, Blaydon-on-Tyne, Co.
Durham.

]1?76. tSpencer, W. H. Richmond Hill, Clifton, Bristol.



94 LIST OF MEMBERS.

Tear of
Election.

1884. *Spice, Robert Paulson, M.Inst.C.E. 21 Parliament-street, West-
minster, S.W.

1864. *Spicer, Henry, B.A., F.L.S., F.G.S. 14 Aberdeen Park, High-
bury, London, N.

1864. ^Spiller, John, F.C.S. 2 St. Mary’s-road, Oanohbu^, London, N,
1878. §Spotti8woode, George Andrew. 3 Cadogan-square, London, S.W.
1864. *Spottiswoode, W. Hugh, F.O.S. 41 Grosvenoivplace, London, S.W.
1864. *Spragtjb, Thomas Bond, M.A., F.R.S.E. 26 St. Andrew-squdre;

Edinbui’gh.

1883. §Spratliiig, W. J., B.Sc., F.G.S. Maythorpe, 74 Wickham-road,
Brockley, S.E.

1863. itSpratt, Joseph James. West-parade, Hull. ,

1888. §Spreat, John Henry. 1 South-parade, Bath.
1884. *Spruce, Samuel. Beech House, Tamworth.

Square, Joseph Elliot. 147 Maida Vale, London, W.
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1883. :|;Wigglesworth, Mrs. New Parks House, Falsgrave, Scarborough.
1881. •Wigglesworth, Robert. Harrogate Club, Harrogate.
1878. ^Wigham, John R. Albany House, Monkstown, Dublin.
1883. |Wigner, G. W. Plough-court, 37 Lombard-street, London, E.C.
1884. J WtlbcTf Charles Dana^ LL.D. G/hnd Pacifio Hotely Chicago^ U.S.A,
1881. JWiLBBRFORCE, W. W. Fishergate, York.
1887. JWild, George. Barnsley Colliery, Ashton-under-Lyne.
3887. *Wilde, Henry, F.R.S. The Hurst, Alderley Edge, Manchester.
1887. ^Wilkinson, C. H. Slaithwaite, near Huddersfield.
1867. fWilkinson, George. Temple Ilill, Killiney, Co. Dublin
1886. •Wilkinson, J. H. Corporation-street, Birmingham.
1879. Wilkinson, Joseph. York.
1887. •Wilkinson, Thomas Read. The Polygon, Ardwick, Manchester.
1872. ^Wilkinson, William. 168 North-street, 33rigbton.

’ 1869. §Wilks, George Augustus Frederick, M.D. Stanbury, Torquay.
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1869. IWillet, John, M.Inst.O.E. 86 Alhyn-place, Aberdeen,
1872. iWiLLETT, Henby, F.G.S. Arnold House, Brighton.

Williams, Charles James B., M.D., F.R.S. 47 Upper Brook-
street, Grosvenor-square, London, W.

1861. *Williams, Charles Theodore, M.A., M.B. 47 Upper Brook-street,
Grosvenor-square, London, W.

1887. ifWilliams, E. Leader, M.lnst.O.E. The Oaks, Altrincham.
1883. ^Williams, Edward Starbuck. Ty-ar-y-graig, Swansea.
1861. ^Williams, Harry Samuel, M.A., F.R.A.S. 1 Gorse-lane, Swansea.
1876. * Williams, Rev. Herbert A., M.A. S.P.G, College, Trichinopoly,

India.

1883. JWilliams, R§v. H. A. The Ridgeway, Wimbledon, Surrey.
1867. ^Williams, Rev. James. Llanfairinghornwy, Holyhead.
1888. §Williams, James. B^adud Villa, Entryhill, Bath.
1887. §Williams, J. Francis, Ph.D. Salem, New York, U.S.A.
1870, §William;^, John, F.C.S. 63 Warwick-gardens, Kensington,

L<mdon, W.
1888. *Williams, Miss Katherine.* Llandaff House, Pembroke-vale, Clifton,

Bristol.

1876. *Williams,,M. B. Killay House, near Swansea.
1879. IWiLLiAMs, Matthew "W., F.C.S. Queenwood College, Stock-

bridge*,»Hants.

1886. §Williams, Richard, J.P. Brunswick House, Wednesbury.
Williams, Robert, M.A. Bridehead, Dorset.

1883. JWilliams, R. Price. North Brow, Primrose Hill, London, N.W.
1869. JWiLLiAMS, Rev. Stephen. Stonyhurst College, Whalley, Blackburn.
1883. §Williams, T. II. 2 Chapel-walfi:, South Castle-street, Liverpool.

1888. tWilliams, T. Howell. 126 Fortess-road, London, N.W.
1888. §Williams, W. Cloud House, Stapleford, Nottinghamshire.
1877. *WiLLiAMS, W. Carleton, F.C.S. Firth College, Sheffield.

1866. J;William8, W. M. Stonebridge Park, Willesden.

1^3. JWilliamson, Miss. Sunnybank, Ripon, Yorkshire.

lS>0. *WiLLiAMS0N, Alexander William, Ph.D., LL.D., For. Sec. R.S.,
F.C.S., Corresponding Member of the French Academy. (Gene-
ral Treasurer.) 17 Buckingham-street, London, W.O.

1867. ^Williamson, Benjamin, M.A., E'.R.S., Professor of Natural Phi-
losophy in the University of Dublin. Trinity College, Dublin.

1876. J:Williamson, Rev. F. J. Ballantrae, Girvan, N.B.
1863. JWilliamson, John. South Shields.

1876, IWilliamson, Stephen. 19 James-street, Liverpool.
Williamson, William C., LL.D., F.R.S., Professor of Botany

in Owens College, Manchester. 4 Egerton-road, FaUowfield,
Manchester.

1883. JWiLLis, T. W. 61 Stanley-street, Southport.
1882. iWillmore, Charles. Queenwood College, near Stockbridge, Hants.
1869. *Will8, The Hon. Sir Alfred. Clive House, Esher, Surrey.
1886. ifWills, A. W. Wylde Gr4fen, Erdington, Birmingham.
1886. JWilson, Alexander B. Holywood, Belfast.

1^6. JWilson, A.lexander H. 2 Albyn-place, Abei'deen.

1878. JWilson, Professor Alexander S., M.A., B.Sc. 124 Bothwell-street,

^lasgow.
1859. JWilson, Alexander Stephen. North Kimhundy, SummerhiU, by

Aberdeen. %
"

1876. IWilson, Dr. Andrew. 118 Gilmore-place, Edinburgh.
.4874. IWilson, Colonel Sir C. W., R.E., K.O.B., K.C.M.G., D.C.L.,

F.R.S., F.R.G.S. Ordnance Survey Office, Southampton.
1050. jWilson, Sir Daniel. Torontoji Canada.
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Wilson, David. 124 Bothwell-sti’eet, Glasgow.
1863. Wilson, Frederic K. Alnwick, Northumberland.
1847. *Wilson, Frederick. 73 Newman-street, Oxford-street, London, W.
1885.

J Wilsonf
JBrigade-Surgetm G. A. East India United Service Club^

St. JameiS'‘8quarey Londony S. W.
1876. :J;

Wilson, George Fergusson, F.II.S., F.O.S., F.L.S. Heatberbanir,
Weybridge Heath, Surrey.

1874. *Wilson, George Orr. Dunardagh, Bl&ckrock, Co. Dublin.

'

1863. :|:Wilson, George W. Heron Hill, Hawick, N.B.
1883. *Wilson, Henry, M.A. Eastnor, Malvern Link, Worcestershire.

1879. tWilson, Henry J. 255 Pitsmoor-road, Sheffield.

1885. f Wilson, J. Dove, LL.D. 17 Rubislaw-terrace, Aberdeen.
1886. iWilson, J. E. B. Woodslee, Wimbledon, Surrey.

1865. IWilson, Rev. James M., M.A.,F.G.S. ^The College, Clifton, Bristol.

1884. j Wilson, James S. Grant. Geological Survey Office, Sheriff Court-
buildings, Edinburgh.

, :

1858. *Wilson, John. Seacroft Hall, near Leeds. ^

Wilson, John, F.R.S.E., F.G.S.,‘ Professor of Ajgriculture in the
University of Edinburgh. The University, Edinburgh.

1879. ^Wilson, John Wycliffe. Eastbourne, East Bank-road, Sheffield.

1876. tWilson, R. W. R. St. Stephen’s Club, Westminster, S.W.
1847. *Wil8on, Rev. Sumner. Preston Candover Vicarasj^e, Basingstoke.

1883. IWilson, T. Rivers Lodge, Harpenden, Hertfordshire.

1861. Jwilson, Thos. Bright. 4 Hope View, Fallowfield, Manchester.
1887. §Wilson, W., jun. Hillock, Terpersie, by Alford, Aberdeenshire.
1871. * Wilson, William E. Daramona House, Rathowen, Ireland.

1861. *WiLT8niRE, Rev. Thomas, M.A.,F.G.S.,F.L.S.,F.R.A.S., Assistant
Professor of Geology and Mineralogy in King’s College, London.
26 Granville-park, Lewisham, London, S.E.

1877. ifWindeatt, T. W. Dart View, Totnes.

1886. §Windle, Bertram C. A. 196 Church Hill-road, Handsworth, Bir-
mingham.

1887. 1Windsor, William Tessimond. Sandiway, Ashton-on-Mersey.
1886. t Winter, George W. 56 Wheeley’s-road, Edgbaston, Birmingham.
1887. §Winton, Colonel Sir F. de, K.C.M.G., F.R.G.S. 24 Tavistock-

road, Westbourne Park, London, W.
1868. *WiNW00D, Rev. II. H., M.A., F.Q.S. 11 Cavendish-crescent,

Bath.
1888. § WODEHOUSE, E. R., M.P. 66 Chester-square, London, S.W.
1883. §Wolfenden, Samuel. Cowley Hill, St. Helen’s, Lancashire.

1884. ij:Womack, Frederick, Lecturer on Physics and Applied Mathematics
at St. Bartholomew’s Hospital. 68 Abbey-road, London, N.W.

1881. •Wood, Alfred John. 6 Cambridge-gardens, Richmond, Surrey.

1883. §Wood, Mrs. A. J. 5 Cambridge-gardens, Richmond, SuiTey.

1863. •Wood, CoUingwood L. Freeland, Forgandenny, N.B.
1861. •Wood, Edward T. Blackhurst, Brinscall, Chorley, Lancashire.

1883. IWood, Miss Emily F. Egerton Lbdge, near Bolton, Lancashire.

1876. *Wood, George Wilham Rayner. Singleton, Manchester.

1878. §WooD, H. Trttemai^. M.A.* Society of Arts, John-street, Adelphi,
London, W.C.

1883. *WooD, James, LL.D. Grove House, Scarisbrick-streetk^uthport.

1881. §Wood, Jobn, B.*A., F.R.A.S. Wharfedale College, Boston Spa,
"Ypykslxiro . ^

1883. *Wood, J. H. Woodbine Lodge, Scarisbrick New-road, Southport.

1886. JWood, Rev. Joseph. Carpenter-road, Birmingham.
1883. tWood, Mrs. Mary. Ellison-place, Newcastle-on-Tyne*

1883. J Wood, P. F, Ardwick Lodge^ Parh-avenue, Southport*
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1864. tWood, Richard, M.D. Driffield, Yorkshire.
1871. JWood, Provost T. Barleyfield, Portobello, Edinburgh.
1860. tWood, Rev. Walter. Elie, Fife.

1866. •Wood, William, M.D. 09 Harley-street, London, "W.

3^72. §Wood, William Robert. Carlisle House, Brighton.
•Wood, Rev. William Spicer, M.A., D.D. Iligham, Rochester.

1863. *WooDALL, John Woodall, M.A., F.G.S. St. Nicholas House,
* Scarborough. •

1884. JWoodbuiT, C. J. H. 31 Devonshire-street, Boston, U.S.A.
1883. }:Woodcocs:, Herbert S. Tne Elms, Wigan.
1884. tWoodcock, T., B.A. The Old Hall School, Wellington, Shropshire.
1884. iWoodd, Ari^-hur B. Woodlands, Hampstead, London, N.W.
1860. •Woodd, Charles H. L., F.G.S. Roslyn House, Hampstead, London,
• N.W. •

1866. IWoodhill, J. C. Pakenham House, Charlotte-road, Edgbaston,
, Biimingham.

1871. t James. 61 Back George^treet, Manchester.
1888. •Woodiwiss, Alfred. Fernleigh, Paignton, South Devon.
1888. •Woodiwiss, Mrs. fi.lfred. Fernleigh, Paignton, South Devon.
1872. ^Woodman, James. 26 Albany-viUas, Hove, Sussex.

1869. X Woodmar^ William Robert
^ M.D. Ford House

^ Fveta*.
•Woods, Edward, M.Inst.O.E. 6b Victoria-street, Westminster,

London, S.W.
1883. tWoods, Dr. G. A., F.R.S.E., F.R.M.S. Carlton House, 67 Iloghton-

street, Southport.
Woods, Samuel. 1 Drapers -gardens, Throgmorton-street, London,

E.C.
1888. §Woodthorpe, Colonel. Messrs. King & Co., 45 Pall Mall, Lon-

don, S.W.
1887. •Woodward, Arthur Smith, F.G.S., F.L.S. 183b King’s-road, Chel-

sea, London, S.W.
•Woodward, C. J., B.Sc. 97 Harborne-road, Birmingham.

1886. Woodward, Harry Page, F.G.S. 129 Beaufort-street, London, S.W
1866. tWooDWAnfD, Hbnbt, LL.D., F.R.S., F.G.S., Keeper of the Depart-

ment of Geology, British Museum (Natural History), Cromwell-
road, London, S.W.

• 1870. tWooDWARD, Horace B., F.G.S. Geological Museum, Jermyn-street,
London, S.W.

1881. IWooler, W. A. Sadberge Hall, Darlington.

1884. •Woolcock, Henry. Rickerby House, St. Bees.

1877. JWoollcombe, Surgeon-Major Robert W. 14 Acre-place, Stoke,
Devonport.

1883. •Woolley, George Stephen. 69 Market-street, Manchester.
1866. tWoolley, Thomas Smith, jun. South Collingham, Newark.

Worcester, The Right Rev. Henry Philpott, D.D., Lord Bishop
of. Hartlebury CasUe, Kidderminster.

1874. tWorkman, Charles. CeiS-a, Windsor, Belfast.

1878. JWormell, Richard, M.A., D.Sc. Roydon, near Ware, Hertford-
shire. «

1863. •Worsley, Philip J. Rodney Lodge, Clifton, Bristol.

1866. •W^thington, Rev. Alfred William, B.A. Stourbridge, Worcester-
shire.

•

Worthington^ Archibald. Whitchurch, Salop,

Worthington, James. Sale Hall, Ashton-on-Mereey.
1866. :j:Worthy, George 8. 2 Arlin^n-terrace, Mornington-crescent,

Hampetead-road, London, N.W.
1884. ifWragge, Edmund. 109 Wdllesley-street, Toronto, Canada.
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1879. tWrentmore, Francis. 34 Holland Villas-road, Kensington, London,
S.W.

1883. *Wright, Rev. Arthur, M.A. Queen’s College, Cambridge.
1883. *Wright, Rev. Benjamin, M.A. The Rectory, Darlaston.

1871. §Weight, C. R. A., D.Sc., F.R.S., F.C.S., Lecturer on Chemistry
in St. Mary 8 Hospital Medical School, Paddington, London, W

.

1861. *Wright, E. Abbot. Castle Park, Frodsham, Cheshire.

1867. tWniGHT, E. Perceval, M.A., M.Ef., F.L.S., M.R.I.A., Professor
of Botany, and Director of the Museum, Dublin University.
6 Trinity College, Dublin.

1886. JWright, Frederick William. 4 Full-street, Derby.
1884. jWright, Harrison. Wilkes’ Barr^, Pennsylvania, U.S.A,
1876. JWright, James. 114 John-street, Glasgovr.

1874. Jw^right, Joseph. Cliftonville, Belfast, j

1866. :|:Wright, J. S. 168 Brearley-street West, Birmingham.
1884. JW’right, Professor R. Ramsay, M, A., B.Sc. University College,

Toronto, Canada.
Wright, T. G., M.D. Milnes House, Wakefield.

1876. fWright, William. 31 Queen Mary-avenue, Glasgow.
1871. JWrightson, Thomas, M.Inst.C.E., F.G.S. Norton Hall, Stockton-

on-Tees.

1887. :|:Wrigley, Rev. Dr., M.A., M.D., F.R.A.S. 16 '^Gauden-road, Lon-
don, S.W.

1876. % WiTNscH, Edward Alfred, F.G.S. Carharrack, Sconier, Cornwall.
1867. JWylie, Andrew. Prinlaws, Fifeshire.

1883. JWyllie, Andrew. 10 Park-road, Southport.

1886. {Wyness, James D., M.D. 63 School-hill, Aberdeen.

1871. iWynn, Mrs. Williams. Cefn, St. Asaph.
1862. IWynne, Arthur Beevor, F.G.S. Geological Survey Office, 14

Ilume-street, Dublin.

1876. jYabbicom, Thomas Henry. 37 White Ladies-road, Clifton, BristcV
•Yarborough, George Cook. Camp’s Mount, Doncaster.

1866. |Yates, Edwin. Stonebury, Edgl^ton, Birmingham.
1883. :|;Yates, James. Public Library, Leeds.

1867. tYeaman, James. Dundee.
1887. §Yeats, Dr. Chepstow.
1884. jYee, Fung, Secretary to the Chinese Legation. 49 Portland-place,

London, W.
1879. 1Yeomans, John. Upperthorpe, Sheffield.

1877. tYonge, Rev. Duke. Puslinch, Yealmpton, Devon.
1879. •York, His Grace the Archbishop of, D.D., F.R.S. The Palace,

Bishopthorpe, Yorkshire.

1884. tYork, Frederick. 87 Lancaster-road, Netting Hill, London, W.
1886. •Young, A. H., M.B., F.R.C.S., Professor of Anatomy in Owens

College, Manchester.

1884. JYoung, Frederick. 6 Queensberry-place, London, S.W.
18^. JYoung, Professor George Paxton. 121 Bloor-street, Toronto, Canada.
1876. tYouNG, John, M.D.^ Professor of Natural History in the University

of Glasgow. 38 Oecil-street, Hillhead, Glasgow.

1886. lYoung, R. Bruce. 8 Crown-gardens, Dowanhill, GlasgcQV.

1886. §Young, R. Fishef. New Barnet, Herts.

1883. •Young Sydney, D.Sc.. University Colley, Bristol.

1887. §Young, Sydney. 29 Mark-lane, London, E.C.

1868. ^Youngs, John. Richmond Hill, Norwich.

1870. X YuHUy Andrew, 7 Sardima^terrace, HiUhead, Qlaagow,
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1871. HIS IMPERIAL MAJESTY the EMPEROR of the BRAZILS.
1887* Cleveland Abbe. Wea^or Bureau of the Armj’’ Signal Office, Wash-

Agton, U.S.A. ^
1881. Professor Q. F. Barker. University of Pennsylvania, Philadelphia,

United States.

1870. Profe8Sor*Van Beneden, LL.D. Louvain, Belgium.
1887. Professor A. Bernthsen, Ph.D., Mannheim, L 14, 4, Germany.
1880. Professor Ludwig Boltzmann. Halbartgasse, 1, Graz, Austria.
1887. His Excellency R. Bonghi. Rome.
1887. Professor Lewis Boss. Dudley Observatory, Albany, New York,

United States.

1884. Professor H. P. Bowditch, M.D. Boston, Massachusetts, United
States.

1884. Professor George J. Brush. Yale College, New Haven, United
States.

1887. Professor J. W, Bruhl. Freiburg.

1864. Dr. H. D. Buya-Ballot, Superintendent of the Royal Meteorological
Institute of the Netherlands. Utrecht, Holland.

1887. Professor G. Capellini. Royal University of Bologna.
1887. Professor J. B. Oamoy. Louvain.
1887. H. Caro. Mannheim.
1861. Dr. Cams. Leipzig.

1887. F. W. Clarke. United States Geological Survey, Washington,
United States.

1855. Dr. Ferdinand Cohn. Breslau, Prussia.

1871. Professor Dr. Colding. Copenhagen.
1881. Professor Josiah P. Cooke. Harvard University, United States.

1873. Rrofessor Guido Cora. 74 Oorso Vittorio Emanuele, Turin.
1880. Professor Oomu. L^^Icole Polytechnique, Paris.

1870. J. M. Crafts, M.D. L*£cole des Mines, Paris.

1876. Professor Luigi Cremona. The University, Rome.
1889. W. H. Dali. United St^es Geological Survey, Washington, United

States.

1866, Dr. Geheimrath von Dechen. Bonn.
1862. Wilhelm Delifs, Professor of Ohemistrpin the University of Heidel-

bei».

1864. M. Des Oloizeaux. Rue Monsieur, 13, Paris.

1872. Professor G. Dewalque. Li5ge, Bmgium.
1870. Dr. Anton Dohm. Naples.

1882. Dr. Emil Du Bois-Reymond, Professor of Physiology. The University,
Berlin.

1876. Professor Alberto Eccher. Florence.
|874. Dr. W. Feddersen. Leipzig.
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1886. Dr. Otto Finsch. Bremen.
1887. Professor R. Fittig. Strasburg.
1872.

W. de Fonvielle. 60 Rue dee Abbesses, Paris.

1866. Professor E. Fr6my. L’lnstitut, Paris.

1887. Dr. Anton Fritsch. Prague.
1881. 0. M. Gariel, Secretary of the French Association for the Advance-

ment of Science. 4 Rue Antoine Dubois, Paris.

1866. Dr. Gaiidry. Paris. <

1861. Dr. Geinitz, Professor of Mineralogy and Geology. Dresden.
1884. Professor J. Willard Gibbs. Yale College, New Haven, United

States.

1884. Professor Wolcott Gibbs. Harvard University, Cambridge, Massa-
cliusetts, United States.

1 889. G. K. Gilbert. United States Geological /Purvey, Washington, Unifcd
States.

1870. William Gilpin. Denver, Colorado, United States.

1876. Dr. Benjamin A. Gould. Cambridge,*^Massachusetts, United States.
1884. Major A. W. Greely. Washington, United States.

1862. Dr. D. Bierens de Ilaan, Member of the Rcfyal Academy of Sciences,
Amsterdam. Leiden, Holland. <,

1876. Professor Ernst Haeckel. Jena.

1889. Horatio Hale. Clinton, Ontario, Canada. *'*

1881. Dr. Edwin H. Hall. Baltimore, United States.

1872. Professor Jfimes Hall. Albany, State of New York.
1881. M. Halphen. 21 Rue Ste. Anne, Paris.

1889. Dr. Max von Hantken. Budapesth.
1864. M. H(Sbert, Professor of Geology in the Sorbonne, Paris.

1887. Fr. von Hefner-Alteneck. Berlin.

1877. Professor II. L. F. von Helmholtz. Berlin.

1872. J. E. Hilgard, Assist.-Supt. U.S. Coast Survey. Washington, United
States.

1887. Professor W. His. Leipzig.

1887. S. Dana Horton. New York.
1881. Dr. A. A. W. Hubrecht. Leiden.
1887. Dr. Oliver W. Huntington. Harvard University, Cambridge, Massa-

chusetts, United States.

1884. Professor C. Loring Jackson. Harvard Univeffeity, Cambridge, Mas-
sachusetts, United States.

1867. Dr. Janssen, LL.D. The Observato^, Meudon, Seine-et-Oise.

1876. Dr. W. J. Janssen. Davos-Doerfli, Qraubunden, Switzerland.
1862. Charles Jessen, Med. et Phil. Dr. Kastanienallee, 69, Berlin.

1881. W. Woolsey Johnson, Professor of Mathematics in the United States
Naval Academy. Annapolis, United States.

1887. Professor C. Julin. Li^ge.

1876. Dr. Giuseppe Jung. 7 Via Principe Umberto, Milan.
1877. M. Akin Karoly. 92 Rue Richelieu, Paris.

1862. Aug. Kekul^, Professor of Chemist^ Bonn.
1884. Professor Dairoku Kikuchi, M.A. Imperial University, Tokyo, Japan,
1873. Dr. Felix Klein. The JJniversity, Leipzig.

1874. Dr. Knoblauch. Hallej Germany.
1866. Professor A. Kolliker. Wurzburg, Bavaria.
J 887. Dr. Arthur Kdnig. ‘ The University, Berlin.

1887. Professor Krause. Gottingen.

1877. Dr. Hugo Kronecker, Professor of Physiology. The University, Bern,
Switzerland.

1887. Lieutenant R. Kund. German African Society, Berlin.

188^. Professor A. Ladenburg. Kiel.
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1887. Professor J. W. Langley. Michigan, United States
1882. Professor S. P. Langley, LL.D., Secretary of the Smithsonian Insti-

tution, Washington, United States.

1887. Professor Count von Laubach. Gottingen.
14387. Dr. Leeds, Professor of Chemistry at the Stevens Institute, Hoboken,

New Jersey, United States.

1872. M. Georges Lemoine. 76 Rue d’Assas, Paris.

1887. Professor A. Lieben, Vienna.
1883. Dr. F. Lindemann, Professor of Mathematics in the University of

Konigsberg.
1877. Dr. M. Lindemann, Hon. Sec. of the Bremen Geographical Society,

Bremen.
1887. Professor G. Lippmann. Paris.

1^7. Dr. Georg Lunge. 25liiich.

1871. Professor Jacob Liiroth. The University, Freiburg, Germany.
187L Dr. Lu^lren. Copennager.
1869. Professor C. S. Lyman, ^ale College, New Haven, United States.

1887. Dr. Henry C. ^llcCgok. Philadelphia, United States.

1867. Professor Mannheim. Rue de la Pompe, 11, Passy, Paris.

1881. Professor O. C. Marsh. Yale College, New Haven, United States.

1867. Professor Martins, Director of the Jardin des Plantes. Montpellier,

France.
1887. Dr. 0. A. Martins. Berlin.

1887. Professor D. Mendel^ef. St. Petersburg.

1887. Professor N. Menschutkin. St. Petersburg.

1887. Professor Lothar Meyer. Tubingen.
1884. Albert A. Michelson. Cleveland, Ohio, United States.

1848. Professor .1. Milne-Edwards. Paris,

1887. Dr. Charles Sedgwick Minot. Boston, Massachusetts, United States.

1 877. Professor V. L. Moissenet. L’Ecole des Mines, Paris.

1864. Dr. Arnold Moritz. The University, Dorpat, Russia.

4#87. E. S. Morse. Peabody Academy of Science, Salem, Massachusetts,
' United States.

1866. Chevalier 0. Negri, President of the Italian Geographical Society,

Turin, Italy.

1864. Ilerr Neumayer^ Deutsche Seewarte, Hamburg.
1884. Professor Simon Newcomb. Washington, United States.

1869. Professor H. A. Newton. Yule College, New Haven, United
, States.

1887. Professor Noelting. Miihlhausen, Elsass.

1887. Dr. Pauli. H6chst-on-Main, Germany.
1866. M. E. Peligot, Memb. de I’lnstitut, Paris.

1867. Gustave Plarr, D.Sc. 22 Hadlow-road, Tunbridge, Kent.

1870. Professor Felix Plateau. 64 Boulevard du Jardin Zoologique, Gaud.
1884. Major J. W^. Powell, Director of the Geological Survey of the

United States. Waihington, United States.

1887. Professor W. Preyer. Jena.

1887. N. Pringsheim. Berlin.

1886. Professor Putnam, Secretary of the APmerican Association for the

Advancement of Science. Harvard University, Cambridge,
•Massachusetts, United States. ,

1887. Professor G. Quincke. Heidelberg.

1868. L. Radlkofer, Professor of Botany in the University of Munich.

1886. Rev. A. Renard. Royal Museum, Brussels.

1872. Professor Victor von Richter. St. Petersburg.

1873. Baron von Richthofen. The University, Leipzig.

1887. Dr. C. V. Riley. Washington, United States.



114 CORRESPONDING MEMBERS.

Year of

ElectiotJ.

1866. F. Romer, Ph.D., Professor of Geology and Palaeontology in the

University of Breslau. Breslau, Prussia.

1881. Professor Henry A. Rowland. Baltimore, United States.
1887.

M. le Marquis de Saporta. Aix-en-Provence, Boucl^es du Rhone.
1857. Professor Robert Schlaffintweit. Giessen.

1857. Baron Herman de Schlagintweit-Sakiinlunski. "Jaegersberg Castle,

near Forchheim, Bavaria.

1883. Dr. Ernst Schroder. Karlsruhe, Baden®
1874. Dr. G. Schweinfurth. Cairo.

1846. Baron de Selys-Longchamps. Liege, Belgium.
1872. Professor Carl Semper. Wurzburg, Bavaria.

1873. Dr. A. Shafarik. Prague.
1801. Dr. Werner von Siemens. Berlin.

1849. Dr. Siljestrom. Stockholm;. c

1870. Professor R. D. Silva. L’Ecole Centrale, Paris.

1887. Ernest Solvay. Brussels.

1888. Dr. Alfred Springer. Cincinnati, Ohjo. United States.

1800. Professor Steenstrup. Copenhagen.
1889. Professor G. Stefanescu. Bucharest.

^
1881. Ih\ Cyparissos Stephanos, 28 Rue de VArbalSte, Parts.

1881. Professor Sturm. Munster, Westphalia.
1871. Dr. Joseph Szabd. Pesth, Hungary.
1870, Professor Tchebichef, Membre de I’Acaddmie de St. Pdtersbourg.

1852. M. Pierre de Tchihatchef, Corresponding Member of the Institute of

France. 1 Piazza degli Zuaai, Florence.

1884. Professor Robert H, Thurston. Sibley College, Cornell University,

Ithaca, New York, United States.

1864. Dr. Otto' Torell, Professor of Geology in the University of Lund,
Sweden.

1887. Dr. T. M. Treub. Java.

1887, Professor John Trowbridge. Harvard University, Cambridge, Massa-

chusetts, United States. j

Arminius Vambery, Professor of Oriental Languages in the University

of Pesth, Hungary.
1889. Wladimir Vernadsky, Keeper of the Mineralogical Museum, University

‘ of St. Petersburg,

1887. Profe.ssor John Vilanova. Madrid.
1886. M. Jules Vuylsteke. 80 Rue de Lille, Menin, Belgium.
1887. Professor H. F. Weber. Zurich. ,

1887. Professor L. Weber. Breslau.

1887. Professor August Weismann. Freiburg.

1887. Dr. II. 0. White. Athens, Georgia, United States.

1881. Professor H. M. Whitney. l£loit College, Wisconsin, United
States.

1874. Professor Wiedemann. Leipzig.

1887. Professor G. Wiedemann. Leipzig.^

1887. Professor R. Wiedersheim. Freiburg.

1887. Professor J. Wisliceniis. Leipzig.

1887. Dr. Otto N. Witt. 33LrIdndeDallde, Westend-Oliarlottenburg, Berlin.

1887. />/*. Ludwig H. Wolf. Leipzig.

1876. Professor Adolph Wullner. Aix-la-Ohapelle. v*

1887. Professor 0. A. Yofing. Princeton College, United States.

1887. Professor F. Zirkel. Leipzig.
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LIST OF SOCIETIES AND PUBLIC INSTITUTIONS
TO WHICH A COPY OF THE REPORT IS PRESENTED.

. GREAT BRITAIN AND IRELAND.
A*diniralty, Library of the.

Antbropolofjical Institute.

Arts, Society of.

Asiatic Society (Royal).

Astronomical Society (Royal).

Belfast, Queen’s College.

Birmingham, Midland Institute.

Bristol Philosophical Institution.

Cambridge Philosophical Society.

Cardiff, University College of South
Wales.

^
Cheniical Soc»ty.
Civil Engineers, Institution of.

Cornwall, Royal Geological Society of.

Dublin, Royal College of Surgeons in

Ireland.
r-, Royal Gedk)gical Society of

Ireland.

, Royal Irish Academy.
, Royal Society of.

Dundee, University College.

East India Library.

Edinburgh, Royal Society of., Royal Medical Society of.

, Scottish Society of Arts.

Exeter, Albert Memorial Museum.
Geographical Society (Royal).

Geological Society.

Geology, Museum of Practical.

Glasgow Philosophical Society.

, Institution ofEngineersand Ship-
builders in Scotland.*

Greenwich, Royal Observatory.

Kew Observatory.
Leeds, Mechanics’ Institute.

Leeds, Philosophical and Literary So-
ciety of.

Linnean Society.

Liverpool, Free Public Library and
Museum.

, Royal Institution.

London Institution.

Manchester Literary and Philosophical
Society.

, Mechanics’ Institute.

Mechanical Engineers, Institution of.

i

Meteorological Office.

}

Meteorological Society (Royal).
Newcastle-upon-Tyne Literary and

Philosophical Society.

, Public Library.

Norwich, The Free Library.

Nottingham, The Free Library.

Oxford, Ashmolean Society.

, Radcliffe Observatory.

Physicians, Royal College of.

Plymouth Institution.

Royal Engineers’ Institute, Chatham.
Royal Institution.

Royal Society.

Royal Statistical Society.

Salford, Royal Museum and Library.

Sheffield, Firth College.

Southampton, Hartley Institution.

Stonyhurst College Observatory.
Surgeons, Royal College of.

United Service Institution.

University College.

Wales (South), Royal Institution.

War Office, Library of the.

Yorkshire Philosophical Society.

Zoological Society.

EUROPE.
Berlin Der Kaiserlichen Aka-

demie der W^sen-
schaften.

Sciences.

Bonn University Library.

Brussels ..• Royal Academy of

Sciences.

Charkow University Library.

Coimbra Meteorological Ob-
servatorv.

Copenhagen ...Royal Society, of
Sciences.

Dorpat, Russia...University Library.

Dresden Royal Museum.
Frankfort Natural History So-

ciety.

Genevji Natural History So-
ciety.

Gottingen University Library.

Halle . . .* Leopoldinisch-
Carolinische

Akademie.
Harlem Soci^t^ Hollandaise

des Sciences.

Heidelberg University Library.
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Helsingfors University Library.
Kasan, Russia ...University Library.
Kiel Royal Observatory.
Kiev University Library.
Lausanne The Academy.
Leyden University Library.
Liege University Library.
Lisbon Academia Real des

Sciences.

Milan The Institute.

Modena Royal Academy.
^Moscow Society of Naturalists,

University Library.
Munich University Library.
Naples Royal Academy of

Sciences.

Nicolaieff. University Library.
Paris Association Franoaise

pour I’Avancement
des Sciences.

Geographical Society.

Geological Society.

Paris Royal Academy of
Sciences.

School of Mines.
Piiltova Imperial Observatory.
Rome Accademia dei Lin(fei

.

Collegio Romano.
Italian Geographical

Society,

Italian Society of
Sciences.

St. Petersburg . University Library.
Imperial Observatory.

Stockholm Royal Academy.
Turin R<§yal Academy of
• Sciences. ^
Utrecht f University Library. .

Vienna The Imperial Libjrary.

A. Centr&U Austalt fur
a Meteorologie und

e Erdmagnetismus.
Zurich General Swiss Society.

Agra ..

Bombay

Calcutta

ASIA.

,The College. Calcutta
.Elphinstone Institu- ...

tion. .

.

Grant Medical Col- Madras..
lege. ..

Asiatic Society.

Hindoo College.

Hoogly College.

Medical College.

.The Observatory.
•University Library.

AFRICA.
Cape of Good Hope . . . The Royal Observatory.

Albany .,

Boston

California

Cambridge

Manitoba .

Montreal .

New York

AMERICA.

.The Institute.

AmericanAcademy of

Arts and Sciences.

.The University.

Harvard University
Library.

.Historical and Scien-
tific Society.

.McGill College.

.Lyceum of Natural
History.

Philadelphia...American Medical As-
sociation.

American Philosophical
Society.

Franklin Institute.

Toronto The Observatory.
Washington ...The Naval Observatory.

Smithsonian Institution.
United States Geolo-

gical Survey of the
Territories.

AUSTRALIA.
C

Adelaide .... The Colonial Government.

Victoria . . , The Colonial Government.

NEW ZEALAND.
Canterbury Museum.

Spottisn’oode Co. Printers^ New-street StjuarOf London.
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GENERAL LIST OF WORKS.

ALBERT Memorial, a Descriptive and Illustrated Account
of the National Monument at Kensington. Illustrated by numerous
Engravings. Doynb C. Brll. With 24 Plates. Folio. 12i. 12«.

Handbook. 16mo. la.; Illustrated, 28. 6(/.

ABBpTT (Rev, J.). Momoirs of a Church of England Missionary
in the North American Colonies. PostSvo. 2«.

ABERCROMBIEm(JoiiN). Enquiries concerning the Intellectual
Powers and tne Investigation of Truth. Fcap. 8vo. 3s, Bi.

ACLAND (Rev. 0.). The Manners and Customs of India. Post
Svj. 2s.

ACWORTlS (W.^M.) The Railways of England. With Illustra*

tions. 8vo. -

.dSSOP’S FABLES. A New Version. By Rev. Thomas James.
With 100 Woodcuts, by Tenwibi. and Wolfe. Post 8vo. 2s. 6d.

AGRICULTURAL (Royal) JOURNAL. {Published ha^f-yearly.)

AINGER (A. C.), I*atin Grammar. [See Eton.]

ALICE (Princess); GRAND DUCHESS OF HESSE. Letters
to H.M. THE Queen. With a Memoir by H.R.H. Princess Christian.
Portrait. Crown 8vo. 7a. 6d., or Original Edition.

AMBER-WITCH (The). A most interesting Trial for Witch-
craft. Translated by Ladt Duff Gordon. Post 8vo. 2s.

AMERICA. [See Bates, Nadaillao, Rumbold.]

APOCRYPHA ; With a Commentary Explanatory^ and Critical.

By Dr. Salmon, Prof. Fu ler, Archdeacon Farrar, Archdeicon Gilford,

Canon Rawlinson, Dr. Edersheim, Rev. J. II. Lnpton, Rkv. O. J. Pall.

Edited by Hknby Wage, D.D. 2vols. Medium 8vo. 6()s.

ARGYLL (DoKB of). Unity of Nature. Third Edition. 8vo. 128.

ARISTOTLE. [See Grotb.]

ARTHUR’S (Little) History of England. By Lady Calloott.
JTcw Sdition, continued (0 1878. With Woodcuts. Foap. 8vo. Is. 6d.

—

History OF France, from the Earliest Times to the
Fall of the Second Empire. With Woodcuts. Fep. 8vo. 2s.

AUSTIN (John). General Jurisprudence; or. The Philosophy
of Positive Law. Edited by Robert Campbell. 2 Vols. 8vo. S2a.

—

Student’s Edition, compiled from the above work,
by Robert Campbell. Post 8vo. 128.

Analysis of, 'By Gordon Campbell. Post 8vo. Of.

BABER (E. C.) Travels in W. China. Maps. Royal 8vo. 6a.

BAINES (Thomas), Greenhouse and Stove Plants, Flower-
ing and Fine- Leaved. Pains, Ferns, and Lyeopodiums. With full

details of the Propagation and Cultivation. 8vo. 88. 6<i.



2 LIST OF WORKS

BARCLAY (BISHOP). Extracts from the Talmud, illustrating
the Teaching of the Bible. With an Introduction. 8vo. 14a.

BARKLEY (H. C.). Five Years among the Bulgarians and Turks
between the Danube and the Black Sea. Pos^Svo. 10a. Oi.

Bulgaria Before the War, Post 8vo. 10#.

My Boyhood. Woodcuts. Post 8vo. 6s.

BARROW (John). Life of Sir F. Drake. Post 8vo. 2#.

BATES (H. W.). Records of a Naturalist on the Amazons during
Bleven Years* Adventure and Travel. Illustrations. Postftvo, 7a. 6d

BATTLE ABBEY ROLL. [See Clevelanu ]

BAX (Capt.). Russian Tartary, Eastern Siberia, China, Japan,
&c. Illustrations. Crown 8vo. 12>.

BEACONSPIELD'S (Lord) Letters, and *' Correspondence srlth

his Sister," 1830—1852. A Ntw Edition svith additional letters and
notes. Portrait. Crown Svo. 2». *(

BECKETT (Sir Edmund). ^'Should the Revised New^rTesla-
ment be Authorised ? ** Post Svo. 6s.

BELL (Sir Cmas.). Familiar Letters. Portrait. Post 8/0. 12a.

-— (Dothb C.). Notices of the Historic Personp buried in
tlie Chapel of the Tower of London. Ill ist.ations. Crown 8vo. 14#.

BENJAMIN (S. G. W.). Persia and the Persians. With 60 Illus-
trations. 8vo. 24s.

BENSON (Archbishop). The Cathedral; its necessary place in
the Life and Work of the Church. Post Svo. 6s.

BERKELEY (Hastings). Wealth and Welfare: an Exami-
ration of Recent Changes in the Production and Distribution of
Wealth in the United Kingdom, and of the Effect of our National
Trade Policy on the General Welfare of the Nation. Crown 8vo. 6s.

BERTRAM (Jas. G.). Harvest of the Sea : an Account of British
Food Fishes, Fisheries and Fisher Folk. Illustratfons. Post 8vo. 9a.

BIBLE COMMENTARY. The Old Testament. Explanatory
and Critical. With a Revision of the Translation. By BISHOPS
and CLERGY of the ANGLICAN CHURCH. Edited by F. C. Cook,
M.A., Canon of Exeter. 6 Voi.s. Medium Svo. 61, 16a.

j-OKNEsie—

D

euteronomy.
|

^^24/.^^*
|

—Song of Solomon.

^^*>a^** I
Joshua— Kings.

|

Vol. V. 20*. Isaiab, Jeremiah.

^ Kings ii.

—

Esther.
j

^^26^^
|
Ezekiel—Malachi.

The New Testament. 4 Vols. Medium 8vo. 41. 14s,

Vol. I.

18s.

Vol. II.
20*.

Introduction, St. Mat-
thew, St. Mark, St.
Luke.
St. John.
Acts of the Apostle-i.

^®
28* I

Romans— Philemon.

Vol. IV. I Hebrews — Rbvbla-
28*. ) TION.

The Apocrypha. 2 vols. Medium 8vo. 50a.

The Student’s Edition. Abridged and Edited
by Rev. J. M. Fuller, M.A. Crown Svo. 7*. 6d. each Volume. Old
Testament, 4 Vols, New Testament. 2 Vols.

BIGG-WITHER (T. P.). Pioneering in South Brazil; Three Tears
of Forest and Prairie Life in the Province of Parana. Illustration's

.

2 vols. Crown 8v .. 24*.
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f

BIRD (Isabella.)* Hawaiian Archipelago; or Six Months among
the Palm GroveAi Coral Reefs, and Volcanoes of the Sandwich Islands.
Illustrations. Crown Svo. 7s. 6d.

A Lady's Life in the Rocky Mountains. Illustrations.
Post 8vo. 7s. Bd.

The Golden Chersonese and thfi Way Thither. Illustra-
tions. Post 8vo. 144 .

" Unbeaten Tracks in Japan; Inclu*!ing Visits to the
Aborigines of Yezo and the Shrines of Nikko and Is4. Ulus ra-
tions. Crown 8vo. 74. 6d.

BISSET (Sir Johk), Sport and War in South Africa from 1834 to
1867. Illustrations. Crown 8vo. 144 .

BLACKIE (C.). Geographical Etymology ; or, Dictionary of
* Place Names, l^hiid Edition. Crown 8vo. 7s.

BLUNT (Lai)Y^nnb)T The Bedouins of the Euphrates Valley.
With some account of the Arabs and their llorf^cs. Illustrations.
2 Vols. Crown 8vo. 244 .

A Pilgrimage to Nejd, the Cradle of the Arab Race, and
aWisit to the Arab Emir. Illustrations. 2 Vols. PostSro. 244.

BLUNT (Rev. J. J.). Undesigned Coincidences in the Writings of
the Old and NewJj^staments,anArgument of their Veracity. Post 8vo. 6s.

History of the Christian Church in the First Three
Centuries. Post 8vo. 6s,

The Parish Priest; His Duties, Acquirements, and
Obligations. Post Svo. 64.

BOOK OF COMMON PRAYER. Illustrated with Coloured
Borders,. Initial Letters,' and Woodcuts. 8vo. 18s.

BORROW (Gborob). The Bible in Spain; or, the Journeys and
Imprisonments of an Englishman in an attempt t'^ circulate the
Scriptures in the Peninsula. Portrait. Post 8vo. 24 . 6d.

The Zincali. An Account of the Gipsies of Spain ;

Their Manners, Customs, Religion, and Language. Post 8vo.
2s. 6d.

Lavengro ; The Scholar—The Gypsy—and the Priest.
Post 8vo. 24 . 6d,

Romany Rye. A Sequel to Lavengro, Post 8vo, 2«. 6d.

Wild Wales : its People, Language, and Scenery,
Post 8vo. 24. 6d.

Romano Lavo-Lil. With Illustrations of the English
Gypsies; their Poetry and Habitations. Post 8vo. 5s.

BOSWELL’S Life of Samuel Johnson, LL.D. Including the
Tour to the Hebrides. Edited by Mr. Crokkb. Seventh Edition,
Portraits. 1 vol. Medium 8vo. 124,

BOWEN (Lord Justice). Virgil in English V^yse, Eclogues and
.iEneid, Books I.—VI. M'lp and Frontispiece. Crown 870. 124.

BRADLEY (Dean). Arthur Penrhyn Stanley ; Biographical
Lectures. Crown Svo. 84. 6d.

BREWER (Rev. J. S.). The Reign of Henry VIII.; from his
Ancession till the Death of Wolsey. Illustrated from Original Docn.
monts. Edited by Jauss Gaiadnsb, With Portrait. 2 vols. 8vo. 304.

—^ The Endowments and EBtal)lishment of the Church of
England. Third Edition. Revised and Edited by Lkwis T.
Dibdin, M.A., Barristcr-at-Law. Post 8v^ 64.
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BRIDGES (Mbs. F. D.). A Lady's Travels in Japan, Thibet,
Yarkand,Kashmir, Java, the Straits of Malacca, Vancouver's Island,&c.
With Mapand Illustrations from Sketchesby the Author. Crown 8ro. 15s.

BRITISH ASSOCIATION REPORTS. 8vo.'

The Reports for the years 1881 to 1875 may be obtained at the Offices

of the British Association.
Glasgow, 1876, 25«. Swansea, 1880, ‘Zis. Canada, 1884, 24s.

Plymouth, 1877, 24*. York, 1881, 21s, Aberdeen, 1885, 24s.

Dublin, 1878, 24s. Southampton, 1882, 24s. Birmingham, 1886, 24s,

Sheffield, 1879, 24s.
{ Southport, 1^3, 24s.

]
Manchester^ 1887, 24s.

BROADFOOT (Mijob W., R.E.) Record of the Services in
Afghanistan and the Piitjab of Major George Br(fHd foot, C.B.,Governor-
General's Agent on the N. W. Frontier of lnd?a. Compiled from his
papers and those of Lords Ellouhorough andllardinge. Maps. Svo. 15s.

BROCKIiEHUEST (T. U.). Mexico To-day ; A Country Vitli a
Great Future. With a Glance at the Pr^istoric Remains and Anti-

quities of the Montezumas. Plates and Woodout8.| Medium Svo, 21s.

BRUCE (Hon. W. N.). Life of Sir Charles Napier, [See Na^pibr.]

BRUGSCK (Professob). A History of Egypt under the
Pharaohs. Derived entirely from Monuments, with a Memc^r on the

Exodus of the Israelites. Maps. 2 Vols. 8vo. 32s. ^

BULGARIA. [See Barkley, Huhk, Mikchin.]

BUNBURY (B. H.), A History of Ancient^eography, among the
Greeks and Romans, from the Earliest Ages till the Fall of the Roman
Empire. Maps. 2 Vols. Svo. 21s.

BURBIDGE (F. W.). The Gardens of the Sun : or A Naturalist's

Journal in Borneo and the Sulu Archipelago. Illustrations. Or. Svo. 14s.

BURCKHARDT'S Cicerone ; or Art Guide to Painting in Italy.

New Edition, revised by J. A. Crowe, Post 8vo» 6s.

BURGES (Sir James Blaep, Bart.) Selections from his Letters

and Papers, as Under-Secretary of State for Foreign Affairs. With
Notices of his Life. Edited by James Hutton. 8vo. 15s.

BUBGON (J. W.), Dean op Chichester. The Revision Revised :

(1.) The New Greek Text; (2.) The New English Version; (8.) West-
cott and Hort’a Textual Theory. Second Edition. Svo. 14s.— Lives of Twelve Good Men, Martin J. Routh,
Hugh James Rore, Chas. Marriott, Edward Hawkins, Samuel Wil-
berforce, Richard Lynch Cotton, Richard Gresswel), Henry Octavius
Coxo, Henry Longueville Mansol, Wm. Jscobs'^n, Ohas. Page Eden,
Chas. Longuet Higgins. 2 vols. Third Edition Crown Svo. 24s.

burke (Edmuhr). [See Pahkhurst.]

BURN (CoL.). Dictionary of Naval and Military Technical
Terms, English and Frenchr-French and Bngltah. Crown Svo. 16s

BUTTMANN'8 LBXILOGUS; a Critical Examination of the
Meaning of niunerous Greek Words, chiefly in Homer and Hesiod.

By Rev. J. R. Fishlaxe. Svo. 12s.

BUXTON (Charles). Memoirs of Sir Thomas Fowell BuxiOin.

Bart. Portrait. Svo. 16s. Popvlar Editions Feap. Svo. 5s.

Notes of Thought. With a Biographical Notice by
Rev. J. LLEWBm.VN Daviks, M.A. StcoA I Edition, Post Svo. 6s.

- - (Sydney C.). A Handbook to the Political Questidns
of the Day ; with the Argutnehts on Either Side. Seventh Edition.

Svo. 8s, f

-
- Finance and Pol itica, an Historical Study. 1783-188$.

2 Vols. 26s.

BYLE3 (Sir John). Foundations of Religion in the Mind aiM
Heart of Man. Post Svo. 6s.
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BYRON’S (Loed) LIFE AND WORKS
Lzvs, LbttbbS; and Journals. By Thomas Moori. One
Volume. Portraits. Royal 8vo. It, Sd.

Lifb and PoBTtOAL WoRNS. Popitlar Edition, Portraits.
2 Vols. Royal 8vo. 16«.

PoBTiOAL Works. Library Edition, Portrait. 6 Vols. 8iro.45s.

Poetical Works. Cabinet Edition, Plates. 10 Vols. 12ino. 80s.

Poetical Works. Pocket Ed, 8 Vols. 16mo. In a case. 21s.

Poetical Works. Popidar Edition, Plates. Royal 8vo. 7s. 6d.

PoEfioAL Works. Pearl Edition, Crown Sro. 2a. 6c2* Olotb.
. 6<i.

^
Ghxldb Harold. With 80 Engravings. Crown 8vo. 12a.
Cbildb Harold. lOmo. 2a. %d,

• Cbildb Harolu Vignettes. 16mo. 1a.

Cbildb Harold. « Portrait. 16mo. dd
Tales and^Pobms. 16mo. 2a. ^d,

Miscellaneous. 2 Vols. 16mo. bs.

Dramas and Plays. 2 Vols. lOmo. 6a.
Don Juan and Bbppo. 2 Vols. 16mo. 6a.
Beauties. Poetry and Prose. Portrait. Fcap. 8vo. ds. Od.

CAILLARD (Miss 5m.). The Invisible Powers of Nature. Some
Elementary Lessons in Physical Science for Beginners. Post 8vo. 6^

CAMPBELL (Lord). Autobiography, Journals and Oorrespon-
deuce. By Mrs. llardcastle. Portrait. 2 Vols. 8vo. 30<.

-— — Lord Chancellors and Keepers of the Great
Seal of England. From the Earliest Times to the Death of Lord Eldon
in 1888. 10 Vols. Crown 8vo. 0t. each.

Chief Justices of England. From the Norman
Conquest to the Death of Lord Tenterden. 4 Vols. Crown 8vo. 6«. each.

-— (Thob.) Essay on English Poetry. With Short
Lives of the British Poets. Post 8vo. 3s. 6d,

CAREY (Life of). [See Gsorob Smith.]

CARLISLE (Bishop or). Walks in the Regions of Science and
Faith—^a Series of Essays. Crown Svo, 7s. 6d.

CARNARVON (Lord). Portugali Qalliciai and the Basque
Provinces. PostSvo. 8s. 6d.

CARNOTA (CoNDB da). The Life and Eventful Career of F.M. the
Duke of Saldanha ; Soldier and Statesman. 2 Vols. 8vo. 82s.

CARTWRIGHT (W. 0.). The Jesuits : their Constitution and
Teaching. An Historical Sketch. 8vo. 9s.

OAVALCASBLLB’S WORKa [See Cbowb.]

CESNOLA (Gbn.)^ Cyprus; its Ancient Cities, Tombs, and Tem-
ples. With 400 Illnstrations. Medium Svo. Ms.

CHAMBERS (G. F.). A Practical and Conversational Pooket
Dictionary of the English, French, and German Languages. Designed
for Travellers and Btudeuts generally. Small Svo. 6s.

OHrLD.CHAPLIN(Dr?). Benedioite; or, Song of the Three Children;
bein^ Illustrations of the iPower, Beneficence, and Design manifested

hy the Creator in his Works. PostSvo. fisk

OHISHOIiM (Mrs.); Perils of the Phlar Seas; True Stories of
Arotto Dlsoovei^ and Adventure. Illnstrations. Post 8vo. 6s.

fBURTON (Arohdmaooit}* Poetical Re Post 8m Ts,6d,
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.

CLASSIC PREACHERS OF THE EKOLISH CHURCH.
Lectures delivered at St. James’. 3 Vols. Post 8vo. 7s. 6d. each.

CLEVELAND (Ddohjss or). The Battle Abbey Boll. With
some account of the Norman Lineages. S Volg. 8m. 4to. 48s.

CLiy£*S (Lord) Life. By Rsy. G. K. Glbio. Post Syo. 8«. 6d,

CLODE (0. Me). Militaiy Forces of the Crown ; their Adminlstra*
tion and Government. 2 Vols. 8vo. 21s. each.

Administration of Justice under Military and Martial
Law, asapplicable to the Army, Navy, and Auxiliary Force^. 8vo. 12s.

COLEBROOKE (Sir Edward, Bart.). Life of the Hod. Mount-
Stuart Glpiiinstone. With Portrait and Plans. *2 Vols. 8vo. 26s.

COLERIDGE (Samobl Taylor), and the English Romantic School.
By Prop. Brandl. An English Edition by Lady Eastlakk.^ With
Portrait, Crown 8vo. 12s • •

Table-Talk. Portrait. .12n»o. 8«. 6d,

COLES (John), Summer Travelling in Iceland. *^With a Chapter
on Askja. By E. D. Moboak. Map and Illustrations. 18s. *

COLLINS (J, Churton). Bolingbrokb : an Historical Study,
With an Essay on Voltaire in England. Crown 8vo. 7s.

COLONIAL LIBRARY. [See Home and Colonial Library.]

COOK (Canon P. C.). The Revised Versi^^ of the Three First
Gospels, considered in its Bearings upon the Record of Our Lord^s
Words and Incidents in His Life. 8vo. 95.

The Origins of Language and Religion. Considered
in Five Essays. 8vo. 16«.

COOKE (B. W.), Leaves from my Sketch-Book. With Descrip*
tive Text 60 Plates. 2 Vols. Small folio. Sis. 6d. each.

—- (W. H.). Collections towards the History and Anti-
quities of the County of Hereford. Vol. III. In continuation of
Duncumb’s History. Illustrations. 4to. £2 12s. 6d.

COOKERY (Modern Domestic). Adapted for Private Families.
By a Lady. Woodcuts. Fcap. 8vo. 6s.

COBNEY GRAIN. By Himself. Post 8vo. U.
COURTHOPE (W. J.). The Liberal Movement in English

Literature. A Series of Essays. Post 8vo. 6s.

CRABBE (Rby. G.). Life & Works. Illustrations. Royal Svo. 7^.

CRAIK (Herat). Life of Jonathan Swift. Portrait. 8vo. 18e.

CRIPPS (Wilvrbd). Old English Plate : Ecclesiastical, Decorative,
and Domestic, its Makers and Marks. New Edition. With Illustra-
tions and 2010 facsimile Plate Marks. Medium Svo. 21s

Tables of the Date Letters and Marks sold separately. 6s.— French Plate ; Its Makers and Marks. With facsimiles.
8vo. 8s.

CROKER (Rt. Hon. J. W.). Correspondence, Ac., relating to
the chief Political and ^cial Events of the first half of the present
Century. Edited by Louxs J. Jernirgs. M.P. With Portrait. 3
Vols. Svo. 46s.

Progressive Geography for Children. 18mo. l3. 6d,

Bosweirs Life of^ Johnson. [iSec Boswell.]
Historical Essay on the Guillotine. Fcap. Svo, le.

CROWE AND CAYALCASELLE. Lives of the Early Flemish
Painters. Woodcutw. Post Svo, 7s. 6d. ; or Large Paper 8vo, 15s. ^
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»

CROWE'S Life and Times of Titian, with some Account of his
Family, chiefly fix>m jiqw and unpublished records. With Portrait and
Illustrations. 2 Yols. Svo. 2l«.

—

" Raphael *, His Life and Works, with Particular Refer-
ence to recently discovered Records, and an exhaustive Study of
Ebctant Drawings ^nd Pictures. 2 Vols. 8vo. 83s.

CUMMIKG (R. Gordon), Five Years of a HuntePs Life in the
Far Interior of South Africa. Woodcuts. Post 8vo. 6s.

CURRIE (C. L.). An Argument for the Divinity of Jesus Christ.
Tfanslated from the Freucli of the Aimfi Em. Bouqaud. Post 8vo. 6«.

CURTIUS' (PROFiKi^soR) Student's Greek Grammar, for the Upper
Forms. Edited by Db Wm. Smith. Post 8vo. 6«.

-

Elucidations of the above Grammar. Translated by
• * Evblyn Abbott Post 8vo. 7s. Qd.

Smaller Greek Grammar for the Middle and Lower
Forms. Abridged from the larger work. 12mo. 8r. 6d.

... , . Accidence of the Greek Language. Extracted from
the above work. 12mo. 23. 6d.

9— Principles of Greek Etymology. Translated by A. S.
WiLKiKS and E. B. Enolabo. New Edition. 2 Vols. 8vo. 28s.

; The Greek Verb, its Structure and Development.
Translated by^. 8. Wilkiks, and E. B. Enoland. 8vo. 12«.

CURZOFT (Hon. Robert). Visits to the Monasteries of the Levant.
Illustrations. Post 8vo. 7s. 6(2.

OUST (General). Warriors of the 17th Century—Civil Wars of
France and England. 2 Vols. 16s. Commanders of Fleets and Armies.
2 Vols. 18s.

Annals of the Wars—18th & 19th Century.
With Maps. 9 Vols. Post 8vo. 6s. each.

DARWIN'S (Charles) Life aud Letters, with an autobiographical •

Chapter. Rdi»ed by his Son, Franct.s Dauwin, F.R.S. With Por-
trait and Woodcuts. 3 Vols. 8vo. 36s.

' ' WORKS :—New and Cheaper Editions. ;
*

Journal of a Naturalist during a Votaqb round the
World. Crown 8vo.

Origin of Species bt Means of Natural Selection ; or, the
Preservation of Favoured Races in the Struggle for Life. Library
Edition. 2 Tol^<. Crown 8vo. 12.J.

; or i>opiilar Edition, Crown 8vo. 6s.

Descent of Man, and Selection in Relation to Sex.
Woodcutd. Library Editif'n. 2 vols. Crown 8vo. 16s. ; or popular
Edition, Crown 8vo. 7s. 6d.

Variation of Animals and Plants under Domestication.
Woodcuts. 2 Vols. Crown 8vo. 16s.

Expressions of the Emotions in Man and Animals. With
Illustrations. Crown 8vo. {^In preparation.

Various Contrivances bt which Orchids are Fertilized
by Insrots. Woodcuts. Crown 8vo. 7s. 6d.

Movements and# Habits of Climbing Plants. Woodcuts.
Crown 8vo. 6s.

Ikseotivorous Plants. Woodcu«8# Crown 8vo. 9f.

Effbots of Cross and Sblf-Fer«ilization in the Vegetable
Kikoook. Crown 8vo. 9s.

Different Forms of Flowers on Plants of the same
Spboxbs. Crown 8V0. 7s. 6d. *
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DARWIN—
PowBR 09 Moyehbkt IN PLANTS. Woodcuts. Cr. 8ro.

Tbb Formation ot Teoetablb Movio TBRoiraH tbb Aotxom or
Worms. With Illustratloos. PostSvo. €«. *

Lifb op Erasmus Darwin. With a Study of hla Works by
fiiuixsT Kbaosb. Portrait. Kew Edition. Crown 8vo. 7«. 6<l.

Facts and Arouments for Darwin. By Friir Hullbr.
Translated by W. 8. Dallas. Woodcuts. Post 8to. 6s.

DAVY (Sir Humphry). Consolations in Travel; or, Days
of a Philosopher. Woodcuts. Fcap. 8vo. 8«. 6(f.— Salmonia; or, Days of Ply PkUing. Woodcuts.
Fcap. gyo. 8#. 64.

l)E COSSON (Major E. A.). The Cradle of the Blue N;le; a
Journey through Abyssinia and Soudan. *Map and lllustratitns.
2 Vols. Post 8vo. 21«. «

Days and Nights of Service with Sir Frerald Graham’s
Field Force at Suakim. Plan and Illustrations. Crown 8vo. 14«.

DENNIS (Georob). The Cities and Cemeteries of Etruria.
20 Plans and 200 Illustrations. 2 Vols. Medinm 8to. 21a.

,

(Robert), Industrial Ireland. Suggegtious for a Prac-
tical Policy of “ Ireland for the Irish.” Crown 8vo. 6a.

DERBY (Earl of). Iliad of Homer reiKered into English
Blank Verse. With Portrait. 2 Vols. Post Svo. 10a.

DERRY (Bishop of). Witness of the Psalms to Christ and Cjbris-
tianity. The Banapton Lectures for 1876. 8vo. 14a.

DICEY (Prop. A. V.). Euglaud’s Case against Home Rule.
Third Edition. Crown 8vo. 7a. 6d.

Why England Maintain** the Union. A popular rendering
oftbeabive. By C. E. S. Fcap. 8vo. la.

DOG-BREAKING. [See Hutchinson.]

DRAKE’S (Sir Franois) Life, Voyages, and Exploits, by Sea and
Land. By John Babbow. Post 8vo. 2a.

DRINKWATBR (John). History of the Siege of Gibraltar,
1779-1788. With a Description of that Garrison. PostSvo. 2a.

DU CHAILLU (Paul B.). Land of the Midnight Suh; lUns-
trations. 2 Vols. 8vo. 86a.— The Viking Age. The Early History, Manners,
and Customs of the AucesUrs of the Englbh-speaking Nations. Illus-
trated from antiquities found in monnds, cairns, and bogs, as well as
from the ancient Sagas and Eddas. With 1,200 Illustrations, 2 Vols.
8vo.

'

DUFFERIN (Lord). Letters from High Latitudes
j a Twht Voy-

agetoIceIand,JaoMayen,and Spitsbergen. Woodeuts. Post Svo, 7a. 6d.

Speeches and Addresses, Political and Literaiy,
delivered in the Houae .of Lords, in Canada, and elsewhere. 8vo. 12a

DUJirCAN (Col.) Hirtory of the Royal ArtUloiy. Com.
piled from the Original Records. Portraits. 2 VolSi. Syn, 18a.

—

English in Spain; or, The Stoi^ of the War of Suc-
cession, 18844840. WlthlUustwtlohs, 8yo. 16r. /

DURER (Albert); his Life and Work, By
Translated from the OeriLan. Edited by F. A. Eaton, M.A. With
Portrait and Ulostratlons. 2 Vols. Medium Svo; * ija,

(SiB C.), Contributions to the lifceintRls of thee
Pine Arte. With Mlmolr by Laot EASTlaxx* 2 Vols. 8to, 24a,
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BDWAJRDB (W. H.). Voyage np the River AmazoUi including a

Visit to Pars. PostSvo. 8s.

ELDON’S' (Lord) Public and Private LifCi with Selections from
hla Diaries, &o. By Hobaoi Twiss. Portrait. 8Vols. PostSvo. 81i.

' ELOIN (Loan). Letters and Journals. Edited bj Thkodobs
Walbomd. With Preface by Dean Stanley. 8vo. 14s.

ELLESMERE (Lord). Two Sieges of Vienna by the Turks.
Translated from the German. PostSvo. 8s.

ELLIS (W.). Madagascar Revisited. The Persecutions and
Hespio Sufibrings of the Native Christians. Illnstrations. 8vo. 16«.—— Memoir. By His Soh. Portrait. 8vo. lOs. 6(f.

(RoBiHSOKt* Poems and Fragments of Catullus. 16mo. 6s.

ELPHIKSTONE (Ho^. M.). History of lndia->the Hindoo and
•Mahbmmedan P^ods. Edited by Pkovkssob Cowbli.. Map. 8vo. 18s.

-—2 Tbd Rise of the British Power in the East. A
CoQtinuati(m of hlPHistory of India in the Hindoo «nd Mahommedan
Periods. Efited by Sib E. Coi.ebbooke, Bart. With Maps. 8vo. I6s.

Life of. [See Colebbookb.]

(H. W.). Patterns and Instructions for Orna-
nr^tal Taming. With 70 Illastrations. Small 4to. 15s.

ELTON (Capt.) and H. B. COTTERILL. Adventures and
Discoveries among the Lakes and Mountains of Eastern and Central
AMca. With Mip and illastrations. Svo. 21s.

ENGLAND. [SecARTHUR

—

Brewer— Croxer—Hume—Markham
, --BuiTH<~>and Stanhope.]

ESSAYS ON CATHEDRALS. Edited, with an Introduction.
By Dean Howson. 8vo. 12s.

ETON LATIN GRAMMAR. For me in the Upper Forms.
By Fbanois Hsy Rawlins, M.A., and William Ralph Inub,
M. A., Assistant Masters at Eton. Croarn 8vo. 6s.

ELEMENTARY LATIN GRAMMAR. For use in
the Lower Foms. Compiled by A. C. Ainobr, M.A., and U. G.
WinTlb, M.A. Crown 8vo. 8s. 6(1.

— THE PREPARATORY ETON GiiAMMAR. Abridged
from the above Work. By the same Editors. Crown 8vo. 2s.— FIRST LATIN EXERCISE BOOK, adapted to the
Eleven^ary and Preparatory Urammars. By the same Editors.
Crown 8vo. 2s. 6d,

FOURTH FORM OVID. Selections from Ovid and
Tibullns. With Notes by H. G. Wintlb. Post 8vo. 2s. 6d.

HORACE. The Odes, Epodes. and Carmen Smcnlare.
With Notes. By P. W. Cornish. M.A. Maps. Crown 8to. 6s.

EXERCISES IN ALGEBRA, by E. P. Rouse, M.A,, and
Arthur Cocxskott, M.A. Crown 8vo. 3s.

BXER0I3ES IN ARITHMETIC. By Rev. T. Daltoh,
M.A. Crown 8vo. 8s.

FBLTOE (Rev. J. Lett),. ,
Memorials of John Flin^ South, twice

President of the Boy'al College of Sufgeons. Portrait. Crown 8vo. 7s. 6d.

FERGTTSSON (Jaxe0.|. History of Architecture in ali Countries
fixm the Earliest Times. With 1,600 Illastrations. 4 Vels. Medium Svo.

Tols. I.Ac II. Ancient and Medimval. 63a
ilL Indian

FITZGERAtiD (Bishop), i^itires on Ecclesiastical History,
Ineluding tlie origin end' nrogrese of the English Reformation, from
Wioilft to the Gmt Bebemon. With • Ms aoir. 2 Vols. Svo. 21s.
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FITZPATRICK (William J.). The Correspondence of Daniel

O’Connell, the Liberator. Nov first published, with Notes. With
Portrait. 2 Vole. 8vo. 36».

FLEMING (PRorsssoR). Student’s Manual of Moral PhilosophT.

With Quotations and References. PostSvo. 7«. 6d«

FLOWER GARDEN. By Rev. Thos. Jambs. Fcap. 8vo. 1«.

FORD (Riohari)). Gatherings from Spain. Post Syo. 8s. 64.

FORSYTH (William). Hortensius; an Historical Essay on the
Office and Duties of an Advocate. Illustrations. 8vo. 7|. 6d.

FRANCE (History of). [See Arthur—Markham —Smith—
Stcdents’—Tocqukvillf,.] •

FRENCH IN ALGIERS; The Soldier of the Foreign Legion—
and the Prisoners of Abd-el-Kadir. Post 8vo. is. •

FRSRE
(
Sib Bartlb ). Indian Missions. * Stnall 8yo. 2s. 84.

-— Missionary Labour In Eastern Africa,t Crown 8vo. 5s,

Bengal Famine. How it will be Met and Eow to

Prevent Future Famines in India. With Maps. Crown 8vo. 6«,

(Mart). Old Deccan Days, or Hindoo Fairy* Legends
current in Southern India, with Introduction by Sir Bartlb Frbbb.
With Illustrations. Post 8vo.

GALTON (F.). Art of Travel
;

or, Hints^n the Shifts and Con-
trivances available in Wild Countries. Woodents. PostSvo, 7«. 6d.

GAMBIBR PARRY (T.). The Ministry of Fine ArtM the
Happiness of Life. Revised Edition, with an Index, 8vo. 145.

GEOGRAPHY. [See Bukbury— Croker— Richardson— Smith
—Students'.]

GEOGRAPHICAL SOCIETY’S JOURNAL. (1846 to 1881.)
SUPPLEMENTAUY PAPER?.

Vol. I., Part i. Travels and Researches in Western China. By
E. CoLBORNK Babkr. Maps. Royal 8vo. 5s.

Part ii.--l. Notes on the Recent Geography of Central Asia;
from Russian Sources. By E. Dklmar Morgan. 2. Pro«
gress of Dlsrovery on the Coasts of New Guinea. By C. B.
Markham, With Bihliographical Appendix, by E. 0. Rye.
Maps. Koyal 8vo. 5a.

Part iU.—1. Report on Part of the Gbilzi Country, Ac. By
Lifut. J. 8. Bboaufoot. 2. Journey from Shiraz to Jasbk.
By J. U. Preece. Royal 8vo. 2*. Cd.

Part Iv.—Geographical Education. By J. S. Kbltik. Royal
8vo. 2s. 6d.

Vol. IL, Part i.--l. Exploration in South'rnand South western
China. By Archibald R. Coi quhoun. 2. Bibliography
and Cartography of Hispaniola. By H. Ling Roth.
3. Explorations in Zanzibar Dominions by Lieut. Chas.
Stewart smith, H.N. Boyal 8vo, 25. 6d.

Part ii.—A Bibliography of Algeria, from the Expedition of

( haries y. in 1641 to 18^7. By Sir K. Lambert Playfair.
Royal 8vo. 45.

GEORGE (Ernest). The Mosel; Twenty Etchings. ImperiaUto. 42s,

Loire and South of France; Twfintj Etchings. Folio. 42s,

GERMANY (History or). [See Markham.]
GIBBON’S History of the Decline and Fall of the Roman Empire.

Edited with notes b/MiLVAN, GtizoT, and Dr. Wv. Smith. Maps.
8 Vole. 8vo. 60a. Student’s Edition. 7a. fid. (Bee Student’s.)

GIFFARD (Edward).^ Deeds of Naval Daring; or, Aneodotestof
the BrlHsh Navy. Foap.Svo. 3a. fid.
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OILBBRT (Josun). Landscape in Art : before the days of Claude
and Salvator. With leo Illustrations. Medium 8vo. 80s.

OILL (Capt.). The River of Golden Sand, A Journey through
China to Burmalj. Edited by E. C. Babbb. With Memoir by Col.

Yule, C.B, Portrait, Map and Illustrations. PostSvo. 7s. 64.

(Mrs.). Six Months in Ascension. An Unscientific Ac-
count of a Scientific Expedition. Map. Crown 8vo. 9s.

GLADSTONE (W. E.). Rome and the Newest Fashions in

Religion. 8vo. 7s.

*--
- Gleanings of Past Years, 1848-78. 7 Vols. Sma'l

8vo. 2s. eacli. I. The Throne, the Prince Consort, the Cabinet and
Constitution, il. Personal and Literary. III. Hiatorical and Specu-
lative. IV. Foreign. V. and VI, Ecclesiastical. VII. Miscelianeons.

QLEIG (G. R.). Campaigns of the British Army at Waahington

9 ^nd New Orleans* PostSvo. 2s.

Story of the Battle of Waterloo. Post 8vo. 3s,

—

Narrative of ^le’s Brigade in Affghanistan. Post 870. 2a— — Lifo Qf Lord Clive. Post 8vo. 8«. 6rf.

Sir Thomas Munro. Post 8vo. ' Za. Zd»

GLYNN^S (Sir Sthphbn). Notes on the Churches of Kent. With
Preface bv W. II. Gladstone, M.P. IllustratiODS. 8vo. 12s.

GOLDSMITH’S (Oliver) Works. Edited with Notes by Peter
CUNViNOHABf. V^nettes. 4 Vols. 8vo. SOa.

QOMM (F.M. Sir Wm.). His Letters and Journals, 1799 to

1816. Edited by F.C. Carr Gomm. With Portrait. 8vo. 12s.

GORDON (Sir Alex.). Sketches of German Life, and Scenes
ftom the War of Liberation. PostSvo. 81. fid.

(Ladt Duff), The Amber-Witch. Post 8vo. 2s.

See also Ros.s.

The French in Algiers. PostSvo. 2s.

GOULBURN (E. M.), D.D., Dean of Norw’cS. Three Counsels of

the Divine Master f r the conduct of tho Spiritual Life :—The Com-
moncemeot,' The Virtues ; Tho Co ' flict. 2 Vols. Cr. 8 vo. 16s.

GRAMMARS. [See Curtius— P’ton—Hall — Hutton—Kino
EDWAKD-.>LeATHKS—MAETZNEB—MATTHIiB—SMITH. ]

GRANVILLE (Charles). Sir Hector’s Watch. 2a 6tf.

'

' A Broken Stinup- Leather. 2a Zd.

GREECE (History of), [See Grots—Smith—Students’.]

GREY (Earl). Ireland: the Cause of its Present Condition
and the Measures proposed for its Improve ment. Crown 8vo. 3s. fid.

GROTB’S (Gboroe) WORKS
History of Greece. From the Earliest Times to the
Death of Alexander the Great. New Edition. Portrait, Map, and
Plans. 10 Vols. Post 8vo. 5s. each. (The Volumes may be had Separately.)

Plato, and other Companions of Socrates. 3 Vols. 8vo. 46a;
or, a New Edition, Edited by Alexander Bain. 4 Vols. Crown 8vo.
5s. each. (The Volume faay he had Separately.)

Aristotle. 8vo. 12a
Minor Works. P^trait. 8ro. 14a

Personal Life* Portrait. 8vo. 12a
GBOTB (Mrs.). A Sketch. By Lady Eastlake. Crown 8vo. 6a

GUILLEMARD (F. H.), M.D. The "Wiyage of the Marchesa to

New Guinea. With Notices of Formosa and the Islands of the Malay
Archipelago, New Edition. With Maps i 160 Illustrations. One
volume. Medium 8vo. .

a
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HALL’S (T. D.) School Manual of English Grammar. With
IllustratlonB and Practical Exercises. ISmo. 8f» Set.

Primary English Grammar for Elementary Schools.
With namerous Exercises, and gradaated P&TsiDg Lessons. ISmo. Is.

Manual of English Composition. With Copious Illustra-

tions and Practical Exercises. 12mo. 8s, 6d.

- Child’s First Latin Book, comprising a full Practice of
Nouns, Pronouns, and Adjectives, with the Verbs. ISmo. Ss.

HALLAM’S (Hihbt) WORKS
Thk Constitutional Hisiobi or Enoland, from the Aoees-

Sion of Henry the Seventh to the Death of George the Second. Lilrary
Edition^ 3 Vols. 8vo. 30s. OaUMi 8 Vols. Post ^o. Stu-

dent's Editum, Post 8vo. 7s. 6d,

History or Europs durihg thd J|Iii>dle Ages. Library
Edition, 3 Vols. 8vo. 80s. Cabinet Edition, 8 V«ols. Post 8vo. 12s.

Student's Edition, Post 8vo. 7s. 6d.

Literary History of Europe during the 15th, 16ifl, and
17th Cbkturibs. Library Edition, 3 Vols. 8vo. 86s. Odbinet Edition,

4 Vols. Post 8vo. 16s. f.

' — (Arthur) Literary Remains; in Terse and Prose.
Portrait. Fcap. 8vo. 8s. 6d. ,

HAMILTON (Andrew). Rheinsberg : Memorials of Frederick the
Great and Prince Henry of Prussia. 2 Vols. Crown 8vo. 2!s.

HART’S ARMY LIST. {Publuhed Quarterly and Annually.)

HAY (Sib J. H. Drummond). Western Barbary, its Wild Tribes
and Savage Animals. Post 8vo. 2s.

HAYWARD (A.). Sketches of Eminent Statesmen and Writers,
2 Vols. 8vo. 285.

The Art of Dining, or Gastronomy and Gastronomers.
Post 8vo. 2s.

A Selection from his Correspondence. Edited with
an Introductory account of Mr. Hayward's Early Life. By H. B.
Cabijslk 2 vols. Crown Svo. 24s.

HEAD’S (Sir Francis) WORKS
The Royal Engineer. Illustrations. Svo. 124.

Life or Sir John Burgoyne. Post Syo. Is.

Rapid Journeys across the Pampas. Post 8yo. 24.

Bubbles from the Bbunnen. Illustrations, Post 8yo. 7s. 6d.

Stokers and Pokers ; or, the L. and N. W. R. Post Svo. 24.

HEBER’S (Bishop) Journals in India. 2 Tols. Post Svo. 7s,

Poetical Works. Portrait. Fcap. 8ro. 84. Cd

HERODOTUS. A New English Version. Edited, with Notes
and Essays by Canon Rawunson, SiR K-. Kawlinsok and Sib J. G.
Wilkinson. Maps and Woodcuts. 4 Vols. Svo. 48*.

BERRIES (Rt. Hon. John). Memoir of his Public Life.

By his Son, Edward Ht^rries, C.B. 2 Vols. Svo. 24i.

HERSCHEL’S (Caroline) Memoir and Correi^ondence* ^
Mrs. John Hxrscyrl. With Portrait. Crown Syo. 7s, 8d. ^
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» FOREIGN HAND BOOKS.
HAND*BOOE—TRAYBL-TALK. English, French, German, and

. Italian. New an^Revlsed Edition. 18mo. Bs. 6d.— DICTIONARY : English, French, and German.
Oontaintog all the yforui and idiomatic phrases likely to be required by
a traveller. Bound in leather. 16mo. 6s.

HOLLAND AND BELGIUM. Map and Plans. Qa.

NORTH GERMANY and THE RHINE,

-

The Black Forest, the Hartz, Tljtlringerwald, Saxon Switzerland,
* Rtigen, the Qla#t Mountains, Taunus, Odenwald, Elsass, and Loth*

ringen. Map and Plans. PostSvo. 10s.

SOUTH GERMANY,— Wurtemborg, Bavaria,
• Jiustrla, Styrla, Sirfzburg. the Alps, Tyrol, Hungary, and the Danube,

from Ulm to the Bla^ Sea. Maps and Plans. Post 8vo. 10s.

SWTITZBRLAND, Alps of Savoy, and Piedmont.
jn Two Parts. Maps and Plans. Post 8yo. 10^,

PRANCE, Part I. Normandy, Brittany, the French
Alas, the Loire, Seine, Garonne, and Pyrenees. Maps and Plans.
r#. W.

FRANCE, Part II. Central France, Anvergne, the
Cevennes, Burgutgly, the Rhone and Saone, Provence, Nimes, Arles,
Marseilles, the French Alps, Alsace, Lorraine, Champagne, Ac. Maps
and Plans. PostSvo. 7s. 6d,

j. MEDITERRANEAN — its Principal Islands,
Cities, Seaports, Harbours, and Border Lands. For Travellers and
Yachtsmen, with nearly 60 Maps and Plans. Post 8vo. 20s.

—ALGERIA AND TUNIS. Algiers, Constantine,
Oran, the AUas Range. Maps and Plans. PostSvo. 10#.

PARIS, and Environs. Maps and Plans. Zs, 6d.— SPAIN, Madrid, The Castiles, The Basque Provinces,
• Leon, The Astarias, Galicia, Estremadura, Andalusia, Konda,,Granada,

Murcia, Valencia, Catalonia, Aragon, Navarre, The Balearic Islands,

Ac. Maps and Plans. Post 8vo. 20#.

— —- PORTUGAL, Lisbon, Oporto, Cintra, Mafra,
Madeira, the Azores, and the Canary Inlands, Ac. Map and Plan.
PostSvo. 12#*

NORTH ITALY, Turin, Milan, Cremona, the
Italian Lakes, Bergamo, Brescia, Verona, Mantna, Vicenza, Padua,
Ferrara, Bologna, Ravenna, Rimini, Piacenza, Genoa, the Riviera,

Venio^ Parma, Modena, and Romagna. Maps and Plans. PostSvo. 10#.

—-—- CENTRAL ITALY, Florence, Lucca, Tuscany, The
Marshes, Umbria, &e. Maps and Plans. Post Svo. 10#.——

. ROME AND ITS Ehvibons, 50 Maps and Plans, 10^.— SOUTH ITALY, Naples, Pompeii, Herculaneum,
and VesnviUB. Maps and Plans. Post Svo. 10#.

— NORWAY, Christiania, Bergen, Trondhjem, The
Fjelds and Fjords. Maps and Plans. PostSvo. 9s.

SWEDEN, Stockholm, Upsala, Gothenburg, the
Shores of the. Baltic, Ac, Maps and Plan. PostSvo. 6«.— DENMARK, Slesvrig, Hflstein, Copenhagen, Jut*
land, Iceland. Mapa and Plans. PostSvo. 6#.

PRUSSIA, S», PwiRSBiTRa.^Mospow, Pound, and
FiNiiiim. Maps and Plans. PostSvo. m
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f

HAND-BOOK—GREECE, the Ionian Islands, Athens, the Pelopon-
nesus, the Islands of the ^gean Sea. Albania, Thessalf, Macedonia,
dte. In Two Farts. Maps, Plans, and Views. Post Svo. 24a.

TURKEY IN ASIA

—

Conssintinopm, the Bos-.
phorus, Dardanelles, Brousa, Plain of Troy. Crete, Cyprus, Smyrna,
Ephesus, the Seven Churches, Coasts of the Black Sea, Armenia,
Euphrates Valley, Route to India, &c. Maps and Plans. Post 8vo, 16a.

EGYPT, The Course of the Nile through Egypt
and Nubia, Alexandria, Cairo, Thebes, Suez Canal, the Pyramids,
Sinai, the Fyoom, &c. Maps and Plans. Post 8vo. 16a.''

HOLY LAND

—

Stria, Palfstinb, Peninsula of
Sinai, Edom, Syrian Deserts, Petra, Damascus

;
and Palmyra. Maps

and Plans. Post 8vo. 20a.

*** Map of Palestine. Inaca^e. 12a.
,

BOMBAY— Poonah, Becjapoor, Kolapoor, Goa,
Jubulpoor, Indore, Surat, Baroda, Ahmedahad, Sl^nauth, Kurraohee,
Ac. Map and Plans. Post 8vo. 15s.

' — MADRAS—Trichinopoli, Madura, Tinnevelly,Tutl-
corin, Bangalore, Mysore, The Nilglria, Wynaad, Ootacatmvid, Calicut,
Hyderabad, Ajanta, Elura Caves, Ac. Maps and Plans. Post 8vo. 16s.

BENGAL— Calcutta, Ori,ssa, British Burmah,
Rangoon, Moulmein, Mandalay, Darjiling, Dacca, Patna, Benares,
N.-W. Provinces, Allahabad, Cawnpore, Lucknow, Agra, Gwalior,
Nainl Tal, Delhi, Ac. Maps and Plans. Post 8vo. 20s.

' - — THE PANJAB—Amraoti, Indore, Ajmir, Jaypur,
Rohtak, Saharanpnr, Ambala, Lodiana, Lahore, Kniu, Simla, Sialkot,
Peshawar, Rawul Find!, Attock, Karachi, Slbi, &c. Maps. 15s.

ENGLISH HAND-BOOKS.

HAND-BOOK—BKGLAND AND WALES. An Alphabetical
Hand-Book. Condensed into One Volume for the Use of Travellers.
'With a Map. PostSvo.

LONDON. Maps and Plans. 16mo. 8a. 6d.

ENVIRONS OP LONDON within a circuit of 20
miles. 2 Vols. Crown 8vo. 21s.

ST. PAUL’S CATHEDRAL. 20 Woodcuts. 10s. 6d.

EASTERN COUNTIES, Chelmsford, Harwich, Col-
chester, Maldon, Cambridge, E’y, Newmarket, Bury St, Edmuuds,
Ipswich, Woodbridge, Felixstowe, Lowestoft, Norwich, Yarmouth,
Cromer, &c. Map and Plans. Post 8vo.

CATHEDRALS of Oxford, Peterborough, Norwich,
Ely, and Lincoln. With 90 Illustrations. Crown 8vo. 2l«.

KENT, Canterbury, Dover, Ramsgate, Sheeruess,
Rochester, Chatham, Woolwich. Maps alid Plans. Post 8yo. 7t. 6d.

SUSSEX, Brighton, Chichester, Worthing, Hastings,
Lewes, Arundel, Ac. |V(nps and Plana. Post 8vo. 0s.

SURREY AND HANTS, Kingston, Croydon, Rei-
gate, Guildford, Dorking, Winchester, Southampton, New Forest,
Portsmouth, Isns cv Wiobt, &o. Maps and Plans. Post 8vo. 10s.'
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HAND-^OOK—BERKS, BUCKS, AND OXON, Windsor, Eton,
* Reading, Aylesbury, Uxbridge, Wycombe, Henley, Oxford, Blenheim,

the Thames, Ac. Maps and Plans. Post 8vo. 9$,

WILTL, DORSET, AND SOMERSET, Salisbury,

Chippenham, Weymouth, Sherborne, Wells, Bath, Bristol, Taunton,
Ac. Map. Post 8vo. i2s.

DEVON, Exeter, Ilfracombe, Linton, Sidmoutb,
Davlish, Teignmouth, Plymouth, Devonport, Torquay. Maps and Plan^.

Post^vo. 7i. 6d.

, CORNWALL, Launceston, Penzance, Falmouth,
the Lizard, Lana’s End, Ac. Maps. Post 8vo. 6s.

• CATHEDRALS of Winchester, Salisbury, Exeter,
• Wells, Chichester, Rochester, Canterbury, and St. Albans. With 130

Illustrations, 2 Vois. Crown 8vo. 36a. St. Albans separately. 6a.

^ GLOUCESTER, HEREFORD, and WORCESTER,
Cirencester, Chelteubam, Stroud, Tewkesbury, Leo ninster, Ross, Mal-
vern, Kidderminster, Dudley, Evesham, &c. Map. Post 8vo. 9a.

—— CATHEDRALS of Bristol, Gloucester, Hereford,
Worcester, and Lichfield. With 50 Illustrations. Crown 8vo. 16a.

— NORTif WALES, Bangor, Carnarvon, Beaumaris,
Snowdoo, Llanberis, Dolgelly, Conway, Ac. Maps. Post 8vo. 7a.

SOUTH WALES, Monmouth, Llandaff, Merthyr,
Vale of Neath, Pembroke, Carmarthen, Tenby, Swansea, Tbe Wye, Ac.
Map. Post 8vo. 7a.

CATHEDRALS OP BANGOR, ST. ASAPH,
Llandaff, and St, David’s. With Illastrations. Post Sro. 15s.

NORTHAMPTONSHIRE AND RUTLAND—
Northampton, Peterborough, Towcester, Daventry, Market Ilar-

borough, Kettering, Wellingborough, Thrapston, Stamford, Upping-
ham, Oakham. Maps. Post 8vo. 7a. 6d.

DERBY, NOTTS, LEICESTER, STAFFORD,
Matlock, Bakewel1,Cbat8Worth,ThePeak, Buxton, Hardwick, Dove Dale,
Ashbome, Southwell, Mansfield, Retford, Burton, Belvoir, Melton Mow-
bray, Wolverhampton, Lichfielo, Walsall, Tamworth. M.'jp. PostSvo.

SHROPSHIRE AND CHESHIRE, Shrewsbury, Lud-
low, Bridgnorth, Oswestry, Chester, Crewe, Alderley, Stockport,

Birkenhead. Maps and Plans. Post Svo. 6s.

LANCASHIRE, Warrington, Bury, Manchester,
Liverpool, Burnley, Clltheroe,Bolton, Blackburne, Wigan. Preston,Roch-
dale, Lancaster, S )uthport, Blackpool, Ac. Maps A Plans. PostSvo. 7s. 6d.

YORKSHIRE, Doncaster, Hull, Selby, Beverley,
Scarborough, Whitby, Hairogate, Ripm, Leeds, Wakefield, Bradford,
Halifax, HnudersfielU, Sheffield. Map and Plans. Post Svo. 12«.

CATHEDRALS of York, Ripou, Durham, Carlisle,

Chester, and Manchester. With 60 Illustrations. 2 Vols. Cr. 8vo. 21a.

— DURHAM AB© NORTHUMBERLAND, New-
castle, Darlington, Stockton, Hartlepool, Sl ’^lds, BerwIck-on-Tweed,
Morpeth, Tynemouth, Coldstream, Aluwiot, Ac. Map. Post 8vo. 9«.

1
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HAND-BOOK—SCOTLAND, Ediuburgh, Melrose, Kelso,Olasgow,
Dumfries, Ayr, Stirling, Arran, The Clyde, Oban, Inverary, Loch
Lomond, Loch Katrine and Tinssachn, Caledonian Canal, Inverness,
Perth, Dundee, Aberdeen, Braemar, Skye, Caithness, Ross, Suther-
land, Ac. Maps and Plans. Post 8vo. 9«. '

IRE Ijand, Dublin, Belfast, the Giant's Cause-
way, Donegal, Galway, Wexford, Cork, Limerick, Waterford, Killar-
ney, Bantry, Glengariff, Ac. Maps and Plans. Post 8vo. lO*.

IIAYTER LEWIS (J.) The Holy Places of Jerusalem, Illus-

trations. 8vo. 10s. 6d

IIISLOP (i’TEPHBN). [See Smith, Geoboji.] •

HOLLWAY (J. G.). A Month in Norway, ^cap. 8yo. 2s,

HONEY BEE. By Key. Thomas James. Fcap. 8vo. la.

HOOK (Dean). Church Dictionary. A Manual of Reference for

Chrgymen and Students. New Edition, tJ ordiighly revised. Edited by
Walter

U

ooK, M.A.jandW.R.W. Stephens, M. A. Med. 8vo. 21«.

' (Theodore) Life. By J. G. Lockhart. Pc^-p. 8vo. Is.

HOPE (A. J. Bbrespord). Worship iu the Church of England.
8vo, 9s. ;

or, Popular S^lcclionsfrom, 8vo, 2i. Sd,

Worship and Order. 8vo. 9s. «

HOPE-SCOTT (Jambs), Memoir. [See Ornsby.]

HORACE ; a New Edition of the Text. Edited by Dear Milman.
With 100 Woodcuts. Crown 8vo. 7$. 6d.

[See Eton.]

HOSACK (John). The Rise and Growth of the Law ofNatLas; as
established by general usage and by treaties, from the earliest times
to the Treaty of Utrecht. 8vo. 12«.

HOUGHTON’S (Lord) Monographs, Pereonal and Social. With
Portraits. Crown 8vo. 10a. 6d.

Poetical Works. Collected Edition, With Por-
trait. 2yols. Fcap.Sv'O. 12a.

HOME AND COLONIAL LIBRARY. A Series of Works
adapted for all circles and classes of Readers, hating been selected

for their acknowledged interest, and ability of the Anthers. Post 8to.
Published at 2a. and da. 6d. each, and arranged under two disBnetIte
beads as follows

CLASS A.

HISTORY. BIOGRAPHY. AND HISTORIC TALES.
SIEGE OF GIBRALTAR. By
John Dbinrwatkb. 2a.

THE AMBER-WITCH. By
Ladt Duff Gordon. 2a.

CROMWELL AND BUNYAN.
By Robert Southet. 2a.

LIFE OF Sir FRANCIS DRAKE.
By John Barrow. 2a.

CAMPAIGNS AT WASHING-
TON. By Rrv.G. R.Glrio. 2a.

THE FRENCH IN ALGIERS.
By Lady Duff Gordon. 2a.

THE PALL OF THE JESUITS.
2a.

LIFE OF CONDfi. By Lord Ma-
hon. 8a. 6d.

**

SALE'S BRIGADE. By Riy.
O. R. Gliio. 2a.

THE SIEGES OP VURNNA.
By Lord Ellrsmbrr. 2a.

THE WAYSIDE CROSS. By
Capt, Milman. 2a.

SKETCHES OFGERMAN LIFE.
By Sir A. Gordon, 8a. 6d.

THE BATTLE of WATERLOO.
By Rrv. G. R. Gliio 8a. 64.

AUTOBIOGRAPHY OP STEP-
FENS. 2a.

THE BRITISH POETS. By
Thomas Campbell. 8a. 64.

HIB'tORICAL ESSAYS. By
Lord Mahon. 8a. 64

LIFE OF LORD OLIVE. By
Rrt. G. R. Glhio. 8a. 64.

NORTH WESTERN RAIL-
WAY, By Sir F. B. Hhao. 2a.

LIFEOFMUNRO. ByBRY.«fr.
R. Glriu. 8a. 64.
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VOYAGES.
CLASS B.

TRAVELS, AND ADVENTURES.
JOURNALS IN INDIA. By i HIGHLAND SPORTS. By
Bishop Hrkbb. 2 Yols. 7«. Chablbs St. John. 3s. 6d.

TRAVELS IN THB HOLY LAND. PAMPAS JOURNEYS. By
By Irby and Manolbb. 2«. F. B. Hbad. 2a.
MOROCCO AND THE MOORS. GATHERINGS FROM SPAIN.
By J. Dbummond Hay. 2a. By Richard Ford. 8a. 6d.

LETTERS FROM thb BALTIC. THE RIVER AMAZON. By
By A Lady. 2s. W. H. F-dwards. 2a.

NEW SftUTH WALES. By Mrs. MANNERS & CUSTOMS ( P
Mbrbdith. 2a. INDIA. By Rbv.C.Aclahd. 2a.

THE WESTINilifiS. ByM.G. ADVENTURES IN MEXICO.
Lbwis. 2a. By G. F. Ruxton. 8a. 6d.

SKETCHES OF PERi'^JA. By PORTUGAL AND GALICIA.
Si# John Maloolh. d.f. 6d. By Lord Carnarvon. 3a 6d.

MEMOIRS OF FATTIER RIPA. BUSH LIFE IN AUSTRALIA.
2a. • By Rev. H. W. Hayoarth 2a.

TVpEE ANIH OMOO. By THE LIBYAN DESERT. By
Hkrmann MkIiVILDB. 2 Vols. a Baylb St. dOHN. 2a.

MISSIONARY LIFE IN CAN- SIERRA LEONE. By A Lady.
ADA. By Rbv. J. Abbott. 2a. 8A.6d.

LETT^ tS FROM MADRAS. By
A Lady. 2a. i

Each work may be had separately.

HUBNER (Babon A Voyage through the British Empire;
South Africa, Aintralia, New Zealand, The Straits Settleniouts, India,

the South Sea islands, California, Oregon, Canada, &c. With a Map.
Vols. Crown 8vo. 24*.

HUB'N (A. Von). The Struggle of the Bulgarians for National
Independence : A History of the War between Bulgaria and Servia
in 188 >,

under Prince Alexander With Map. Crown 8 vo. 9s.

HUME (The StudeatV). A History of England, from the inva-

sion of Julius Cicsar to the Revolution of 1688. New Edition, revised,

corrected, and continued to the Treaty of Berlin, 1878. By J. S.

Brewer, M. A. With 7 Coloured Maps & 70 Woodcuts. Post 8vo. 7a. 6j.
Sold also in 3 parts. Price 2a. 6d, each.

HBNNEWELL (James F.). England’s Chronicle in Stone :

Derived from Personal Observations of the Catliedrals, Churches,
Abbeys, Monasteries, Castles, and Palaces, made in .Tourneys through
the Imperial Island. With Illustrations. Medium 8vo. 24a.

HUTCHINSON (Gen.). Dog Breaking, with Odds and Ends for

those who love the Dog and the Gun. With 40 Illustrations. Crown
8vo. 7a. 6ci. A Summary of the Rules for Gamekeepers. 1a.

HUTTON (H.E.). PrincipiaGraeca; an Introduction to theiStady
of Greek. Comprehending Grammar, Delectus, and Exercise-book,

with Vocabularies. Sixth Edition. 12mo. 8a. 3d.

(James). James and Philip van Artevelde, Two
remarkable Episodes in the annals of Flanders ; with a description of

the state of Society in Flanders in the 14th Century. Cr. 8vo. 10a. 3d,

HYMNOIjOGY, Dictionary of. [See Julian.]

ICELAND. [See Coles—Dufferin.]

INDIA. [See Broadfoot—Elphinstone—Hand-book-Smith

—

TEMPiiE—MoNiER Williams—Lyall.]

INGE (Wm. Ralph). • Society in Rome under the Casars.
C' ows 8yo. 65.

INGRAM (John K.) A Dictionary of Latin Etymology. 8vo.

IRBY AND MANGLES’ Travels in Egypt, Nubia, »yria, wiu
the Holy Land. Post 8vo. 2a.

IRELAND. [See Dennis—Grey.]

'Smith

—

Caesars.
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JAMES (F. L.). The Wild Tribes of the Soudan : with an account
of the route from Wady llallah to Dongola and Berber. With
Chapter on the Condition of the Soudan^^by Siu S. Baker. Map and
Illustrations. Crown 8vo. 79. 6d.

JAMESON (Mrs.). Lives of the Early Italian Painters

—

and the Progress of Painting In Italy—Cimabue to Bassano. With
60 Portraits Post 8vo. 129.

JAPAN.
.

[See Bird—Moursey—Reed.]

JENNINGS (Louis J.), Rambles among the Hills*in the Peak
of Derbyshire and on the South Downs. With sketches of people by
the way. With 23 Illuatiations. Crown 8io. 129.

Field Paths and Green Lanes : or Walks in Surrey
and Sussex. Popular Edition. With Illustrations. Crqjrn 8vo. 69. /

JERVIS (Rev. W. H.). The Oallican *Church, from tfle Con-
cordat of Bologna, 1616, to the RevC!lution. With an Introduction.

Portraits. 2 Vols. 8vo. 289.

JESSE (Edward). Gleanings in Natural History. Fcp.&vo. 8«. 6d.

JOHNSON’S (Dr. Samuel) Life. [See Boswell.]

JULIAN (Rev. John J.). A Dictionary of Hytinology. A
Companion to Existing Hymn Books. Setting forth the Origin and
History of the Hymns contained in the Principal Hymnals, with
Notices of their Authors. Medium 8vo.'

JUNIUS’ Handwriting Professionally investigated. Edited by the
Hon. E. Twirletoh. With Facsimiles, Woodcuts, &c. 4to. £S 89.

KERR (Robt.). The Consulting Architect: PracticaF^Notes on
Administrative Difficulties. Crown 8vo. 99.

KING EDWARD VIth’s Latin Grammar. 12mo. 8s. 6d.

First Latin Book. 12mo. 2«. 6ci.

KIRK (J. Foster). History of Charles the Bold, Duke of Bur-
gundy. Portrait. 3 Vols. 8vo. 469,

KIRKES’ Handbook of Physiology. Edited by W, Morrant
Baker and V. D. Karris. With 6(X) Illustrations. Post 8vo. 14«,

KUGLER’S HANDBOOK OP PAINTING.—The Italian Schools.
A New Edition, revised, incorporat ngthe results of all the most recent
discoveries. By Six A. Henry Layakd. With 200 Illustrations. 2 vols.

Crown 8vo. 309.

The German, Flemish, and
Dutch Schools. Rsvlsed. By J, A. Crowb. With 60 Illustrations.

2 Vols. Crown 8vo. 21f.

LANE (E. W.). Account of the Manners and Customs of Modem
Egyptians. With Illustrations. 2 Vols. Post 8vo. 129.

LAWLESS (Hon. Emily). Major Lawrence, F.L.S. ; a Novel.
3 Vols. Crown 8vo. 319. 6d. Cheap Edition, 69.

LATAKD (Sir A. H.). Nineveh and its Remains. With Illustra-

tions. Post 8vo. 79. 6(1.

Nineveh and Babylon : Discoveries in the Ruins,
with Travels in Armenia, Kurdistan, Ac. IlIuBtratlons. PostSvo. 79.64.

Early Adventures in Persia, Babylonia, and Susiana,
indnding a residence among the Bakhtiyari and other wild tribes,

before tbe discover/ of Nineveh. Purtralr, lilustiations and Maps.
2 Vol(. Crown 8VO. 219.

DEATHES (STANufr). Practical Hebrew Grammar. With the
Hebrew Text of Genesis i.—vi., and Psalms i.—vi. Grammatical.
Analysis and Vocabulary. Post 8vo. 79. 64.

LENNEP (Rev, H. J. Van). Missionary Travels in Asia Elinor.
With Illustrations of Biblical History and Arcbnology. Map and
Woodcuts. 2 Volu. PostSvo. 249.
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LENfTEP. Modera Custbma and Manners of Bible Lands, in
Illustration of Scripture. Maps and Illustrations. 8 Vols, 8vo. ai«.

LESLIE (C. R.)» Handbook for Young Paiutera. Illustrations.
Post 8vo.

LETO (PoMPONio), Eight Months at Rome during the Yatican
Council. 8vo. 12«.

LETTERS PROM the Baltic. By Lady Eastlake. Post 8ro. 78 .— Madras. By Mrs. Maitland, Post 8yo.

Sierra Leone. By Mrs. Melville. 3.f. 6f/.

LEVI (Leone). Tlistory of British .Commerce; and Economic
Progress of Mte Nation, from 176a to 1878. 8vo. ia«.

The MTages and Earnings of the Working Classes
in IS83-4. 8ro. 3s. 6(1.

MlWiS (T. Hatter). The Holy Places of Jerusalem. Illustrations.
8vo. 10«. 6d. ^

LEX SA.LIC^; the Ten Texts with the Glosses and the Lex
P Eraendata. Synoptically edited by J. H. UaRsiiLS. With Notes on

the Frankish Words in the Lex Salica by H. Kbkn, of Leyden. 4to. 42s.

LIDDELL (Dean). Student’s History of Rome, from the earliest
^rimes to the estahlishmont of the Empire. Woodcuts. Post Svo. 7x. 6<l

LIITDSA.Y (Lord). Sketches of the History of Christian Art.
2 Vols. Crov^ 8vo. 2(s.

LISPINGS from LDW LATITUDES; or. the Journal of the Hon.
ImpnlsiaQitshington. Edited by LoRDDuKrBRiN. With 24 Plates.4to.21s.

LIVINGSTONE (Dr). First Expedition to Africa, 1840-56.
Illustrations. Post 8vo. 7a. 6d.

-Second Expedition to Africa, 1868-64, Illustra-
tions. Post 8vo. 7a. 6d.

Last Journals in Central Africa, to his Death.
By Rev. Hobaob Wat.i,rb. Maps and Illustrations. 2 Vols. 8vo. 16a

Personal Life. By Wm. G. Blaikie, D.D. With
Map and Portrait. 8ro. 6s.

LIVINGSTONIA. Adventures in Exploring Lake Nyassa. By
E. D Yonya, R.N. Maps. Po.st 8vo, 7s, 6d.

LOCKHART (J. G.). Ancient Spanish Ballads. Historical and
Romaatio. Translated, with Notes. Illustrations. Crown 8vo. 6a.

' Life of Theodore Hook. Fcap. 8vo. Is.

LONDON : its History, Antiquarian and Modern. Founded on
the work by tiie late Peter Cunningham. F.S A. A new and thoroughly
revised edition. UyJAMRS Tiiorvh, P.S.A. and H. B WnaATUBY,
Library edition, on laid paper. 3 Vols. Medium 8vo. [In tlu Press.

LOUDON (Mrs.). Gardening for Ladies. With Directions and
Calendar of Operations for Every Month. Woodcuts. Fcap. 8vo. 3a. 6d.

LUMHOLTZ (Dr. C.) Four Years’ T avels in Australia, including
a Year’s Residence among the Cannibals and Little Known Savage
Tribes in the N.E. Part of the OontinenL With Maps and 100 Illus.
tratlons. Medium 8vo. [Nearly Ready.

LUTHER (Martin). The First Principles of the Reformation,
or the Three Primary Works of Dr. Martin Luther. Portrait. 8vo. 12a.

LYALL (Sir AiFREitfC.), K.C.B. Asiatic Studies
; Religious and

Social. 8vo. ]2«.

LTELL (Sir Charles). Student’s Elements of Geology. A new
Edition, entirely revised by PnoFicasoB P. M. Dukoan, F.R.S. With
600 Illustrations. Post 8vo. 9a.

Life, Letters, and Journals. Edited by
hit sister-in-law, Mas. Lybll. With Pv .alts. 2 Vols. 8vo. 80a.

• G 2
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LYELL (K.M.). Handbook of Ferns. Post 8vo. 7fi. 6d,

LYNDHURST (Lord). [See Martin.]

LYTTON (Lord). A Memoir of Julian tfane. Portrait. Posl
8vo. 6«.

M®CLINTOCK ( Sir L.). Narrative of the Discovery of the
Fate of Sir John Franklin and hii< Companions in the Arctic Seas.

With liluHtrations. Post 8vo. 7s. 8<i.

MACDONALD (A.). Too Late for Gordon and Kharjioum. The
Testimony of an Independent Eyo-wituess of the Heroic Efforts for

their Rescue and Relief. With Maps jind 8vo. 12.y. »

MACGREGOR (J.). Rob Roy on the Jordan, Nile, Red Sea, Gen-
nesareth, &c. A Canoe Cndse in Palestine and Egypt and the Waters
of Damascus. With 70 Iliustrations. Crown 8vo. 7a. 6d. •

MAETZNER’S English Grammar. A Methodical, Analytical,
and Historical Treatise on tlie Orthography, Pmsody, Inflections, and
Syntax. By Ci.aib J. Gbecr. LL.D. SVois. bvo. 36«.

MAHON (Lord). [See Stanhope.] •

MAINE (Sir H. Sumner). Ancient Law : its Conueotiou with the
Eariy History of Society, and its Relation to Modern Idetw'’*. Bvo. 12a.

Village Communities in the East and West. 8vo. 12s.

Early History of Institutions. 8vo. 12«.— Dissertations on Early Law auS Custom. 8vo. 12s,

Popular Government. I.—Prospects of Popular
Oovevnmeot. II.—Nature of Denincracy, 111,—Ago ofvProgress,
IV.—Constitution of the United States. Bvo. 12s.

International Law. 8vo, T.s. Cr/.

MALCOLM (Sir John). Sketches of Persia. Post 8vo. 3^. 6ef.

MALLOCK (W. H.). Property an<l Progress : or, Facts against
Fallacies. A i»rief Enquiry into Contemporary Social Agitation in
England. Post 8vo. 6s.

MANSEL (Dean). Letters, Lectures, and Reviews. 8vo. 12«.

MARCO POLO. [See Yule.]

MARKHAM (Mrs.). History of England. From the First Inva-

sion by the Romans, continued down to 1880. Woodcuts. 12mo. 8«. 6d.

History of France. From the Conquest of Gaul by
Julius Cffisar, continued down to 1878. Woodcuts. 12mo. 3s, 6d.

History of Germany. From its invasion by Marius,
continued down to the completion of Colt gue Cathedral. Woodcuts.
12mo. d«. 6<f.

(Clements R.). A Popular Account of Peruvian Bark
and its introduction into British India. With Maps. PostSvo. 14s.

MARSH (G. P.). Student's Manual of the English Language,
Edited with Additions. By l)n. Wm. Smith. Post 8vo. 7s. 3d.

MARTIN (Sir Theodore). Life of Lord Lyndhurst. With
Portraits. 8vo. 16s.

MASTERS in English Theology. Lectures by Eminent Divines.
With Introduction by Canon Barry. Post 8vo. 7s. 3d.

MATTHIiE’S Greek Grammar. At>ridged by Blomvibld.
Revised by E. 8. Cbookb. 12mo. 4s.

MAUREL’S Character^ Actions, and Writings of Wellington.
Fcap. 8vo. Is. 3d.

MELVILLE (Hermann). Marquesas and South Sea Islands.

2 Vols. PostSvf. 7r, m
MEREDITH (Mrs. Charles). Notes and Sketches of New Sont )’

Wales. Post 8vo. 2s.
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MEXICO. [See Brocklkhokst—IIuxton.J

MICHAEL ANGELO, Sculptor, Painter, and Architect, His Life
and Works. By C. Hrath Wilson. llluHtrations. 8vo. 16«.

MILLER (Wm.). a Dictionary of English Names of Plants
applied flmotig Engli h speaking People to Plants, Trees, and Shnibs.
In Two Parts. Laiin-English and English-Latin. Mediuin 8vo. V2a.

MILMAN’S (Dean) WORKS:—
History of the Jews, from the earliest Period down to Moden;

Times. 8 Vols, Post 8vo. 12s.

Early Christianity, from the Birth of Christ to the Aboli-
tion of Paganism iri tin- Uomtin Empire. 8 Vols. PostSvo. 12/.

Latin Christianity, including that of the Popes to the
Pontificate of V. 9 Vola. Post 8vo* 30s.

UA:ffi)BOOK TO St. •Paul’s Cathedral. Woodcuts. 10.v. dfZ.

Qointi Horatii Kla^oi Opera. Woodcuts. Sm. 8vo. 7s. 6d.

Fall OF JeruiAlem. Pcap. 8vo. 1«.

(Caft. B. a.) Wayside Cross. Post 8vo. 2«.

(Bishop, D.D.
)

Life. With a Selection from his
Conltepondoi’ce and Jotimals. By his Sister. Map. 8vo. 12«.

MILNE (David, M.A.). A Readable Dictionary of the English
Language. Etymologically arranged. Crown 8vo. 7s. Gd.

MINCHIN (j. G.). The Growth of Freedom in the Balkan
Peniimila. With a Map. OroAvn 8vo. 10s. Cd.

MlVAlP*? (St. Georoe). Lessons from Nature; as manifested in

Mind and Matter. 8vo. l.'j*.— The Cat. An Introduction to the Study of Backboned
Aiijrnals,eHpecially Mammals. With200Illiistratu»ns. MediumSvo. 30/.

MOGGRIDGE (M. W.). Method in Almsgiving. A Handbook
for Helpers. Post 8vo, 3.s-. 6d.

MONTEFIORE (Sir Moses). Selections from Letters and
Journals. By Lucien Wolk. With Portrait. Crown 8vo. 10/, 6J.

MOORE (Thomas). Life and Letters of Lord Byron. [See Bybon,]

MOTLEY (John Lothrop). The Covrcf-pondence of. With
Portrait. 2 Vols. 8vo.

- History of the United Netherlands; from the
Death of William the Silent to the Twelve Years’ Truce, 1609. Portraits.

4 Vols, Post 8vo. 6/. each.—— Life and Death of John of Barneveld.
With a View of the Primary Causes jind Movements of the Thirty Years’
War. Illustrations. 2 Vols. Post 8vo. 12/.

MOZLBY (Canon). Treatise on the Augustinian doctrine of
Predestination, with an Analysis of the Couteuts, Crown 8vo. 9s,

MUNRO’S (General) Life and Letters. By Rsv. G. R. Olbio.
Post 8vo. 8/. Gd.

MUNTHE (Axel\ Letters from a Mourning City. Naples dur-
ing the Autumn of 1884. Tran.slatcd by Maude Valeiue White.
With a Frontispiece. Crown Svo, <5/.

MURCHISON (Sir Rodfkior). And his Contemporaries. By
Abcbibald Grikie, Portraits. 2 Vols. Svo. 80/.

MURRAY (A. 8.). A History of Greek Sculpture from the
Enrliest Times. With 130 Illustrations. 2 Vols. Royal 8vo. 62/. Qd.

MURRAY'S MAGAZINE. A New Home and Colonial Monthly
Periodical. Is. Vol. I., Jan.—Jime, 1887. Vol. II., July—December,
1887. Vol. III., .Ian.—June, 1888. Vol. IV, July- -December, 1888. 8vo.
7/. 6d. each.
*** Forwarded Monthly on receipt of an annual suhscription of 18/,
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MUSTERS* (C^pT.) PaiaguuiauH; a Year’s V^andenDgi oTer
Untrodden Ground from tbe Straits of Magellan to ibe Kio Nei^ro.

IlliiHtrations. PostSTO. 7s. Sd. «

KADAILLAC ^Marquis db). Prebistoric" Amenca, Tiaitalaled
*

by N. D’Anvebs. With Illustrations. 8vo. ifi.

NAPIER (General Sir Charles),'*' His Life. By the',Hen.
W>i. NapiER pRUCE. With Pm tj ait and Maps. Cretan bvo. 12«.

(Qenl. Sir Okoboe‘.‘ T.). PasiiiageB in his Early
Military Life written Ly himself. Edited by his Son, G^^vral W’m.
C. E. Napier. With Portrait. Crown 8vo. y. (Ul.

(Sir Wm.). English Battles and Sieges of the Peninsular
War. Portrait. Post 8vo.

napoleon at Fontaiheblbad and Eiri. Journals, •l^tes
of Conversations. By Sir Nkii. Caupbrll^ Portrait. 6vo. 16r.

NASMYTH (James). An Autobiography. Elited by Samuel
Smiles, LL.D., with Portrait, and 70 Illustrations. Post 8vo, 6*. ; or
Large Paper, IPs.

And JAMES CARPENTER. The Moon: Con-
sidered as a Planet, a World, end a SatePife. With 2fl^’late> and
numerous Woodcuts. New and Cheaper hdltit n. Medium J>vo. 21s.

NEW TESTAMENT. With Short Expiratory Conjn*entary.

By Arcburacoji Churton, M.A., and the Bishop of St, David's.

With 110 authentic Views, Ac. 2 Vols. Crown 8vo. 21s. bound.

NEW TH (Samuel). First Book of Natural Philtsophy
;
aus^ntro-

ductiou to the Study of Statics, Dynamics, Hydrostatics, Light, Heat,
and Sound, with numerous Examides. Small 6vo. 8s. M.

' Elements of Mechanics, including Hydrostatics,

with numerous Examples. Small 8vo. Cd.

— Mathematical Examples. A Graduated Series

of Elementary Examples in Arithmetic, Algebra, Logarithms, 'I'rigo*

nometry, and Mechanics. Small 8vo. 8s. 6d.

NIMROD, On the Chace—Turf—and Road. With Portrait and
Plates. Crown 8vo. 6s. Or with Coloured Plates, 7s. Od.

NORDHOFF (Chas.). Communistic Societies of the United
States. With 40 Illustrations. 8vo. 16s.

NORTHCOTE’S (Sib John) Notebook in the Long Parliament.
Containing Proceedings during its First Session, 1640. Edited, with
a Memoir, by A. H. A. Hamilton. Crown 8vo. 9s.

O’CONNELL (Daniel). Correspondence of. (See Fitz-
PATRICK*)

ORNSbY iProp. R.). Memoirs of J. Hope Scott, Q.C. (of

Abbotsford). With Selections from his Correspondence. 2 vols. 8fo.24s.

OTTER (R. H.). Winters Abroad : Some Information respecting
Places visited by the Author on account of his Health. Intended for

the Use and Guidance of Invalids. 7$. 6d.

OVID LESSONS. [See Eton.]

OWEN (Lieut.-Col.). Principles and Practice of Modem Artillery,

Including Artillery Material, Gunnery, Ihd Organisation and Use of
Artillery in Warfare. With Illustrations. 6vo. 16«.

OXBKHAM (Rbv. W.). English Notes for Latin Elegiacs ; with
Prefiitory Rules of Co&posltion in Elegiac Metre. 12mo. 8s. 0d.

PAGET (Lord Gboroe). The Light Cavalry, Brigade in the
Crimea. Map. Grown 8vo. 10s. 6d. ^

PALGRAVE (R. H. I.). Local Taxation of Great Britain and
Ireland. 8vo. 8»,
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PALLISER (Mrs.). Mottoes for Monuments, or Epitaphs selected
for General Use and Study. With Illustrations. Crown Svo. 7«. 6d.

PANKHURST (E. A.). The Wi-dom of Edmund Burke : Being
Selections from h^s Speeches and Writirgs, chiefly bearing upon
Political QueBtionf«. Fop. 8vo. 6s.

PARIS (Dil). Philosophy in Sport made Science in Earnest

;

or, the First Principles of Natural Philosophy inculcated by aid of the
Toys and Sports of Youth. Woodcuts. Post Svo. 7«.6d.

PARKYKS’ (Mansfield) Three Years* Residence in Abyssinia;
with Iravels in that Country. With Illustrations. Post Svo. 7s. Bd.

PEEL’S (Sir Rober^ Memoirs. 2 Yols. Post Svo. 1 5a.

PENN (Riohard). Maxims and Hints for an Angler and Chess*
player. Woodcuts, ij'cap. Svo. ts.

PER6>Y* (John, M.D.).* Metalluroy. Fuel, Wood, Peat, Coal,
Charcoal, Coke, Fire^plays. Illustrations. Svo. d0«.

1™— liCad, iAluding part of Silver. Illustrations. Svo. 80a.

•- Silver and Gold. Part I. Illustrations. Svo. 80a.

PERRY (Rev. Canon). Life of St. Hugh of Avalon, Bishop of
Lind^ln. Post Svo. 10^. 6(2.

History of the English Church. See Students’ Manuals.

PERSIA. [See BENJAgiiN.]

PHILLIPS (Samuel). Literary Essays from The Times.” With
Piprtrait 2 Vols. Fcsp.Svo, 7s.

POLLOCK (C. E.). A Book of Family Prayers. Selected from
the Liturgy of the Church of England. 16mo. 3s. 6d.

POPE’S (Alexander) Works. With Introductions and Notes,

by J. W. Cbokkr, Rbv. W. Elwin, and W. J Coitbtiiopb. Vols. f.

—IV., VI.—X. With Portraits, Svo. 10*. 6(2. each. (Vol. V., con*

taining the Life and a General Index, is t o.'irly ready).

PORTER (Rev. J. L.). Damascus, Palmyra, and Lebanon. Map
and Woodcuts. Post Svo. 7s, 6d.

PRAYER-BOOK (Beautifully Illustrated). With Notes, by
Rrv. Thos. Jambs. Median) Svo. I8a. cloth.

PRINCESS CHARLOTTE OF WALES. Memoir and
Correspondence. By Lady Rose Wbioall. With Portrait. Svo. Ss. 6rf.

PRIVY COUNCIL JUDGMENTS in Ecclesiastical Cases re-

lating to Doctrine and Discipline. Svo. 10*. 6d.

PSALMS OP DAVID. With Notes Explanatory and Critical by
Dean Johnson, Canon Elliott, and Canon Cook. Medium Svo. ' 10s. 6d.

PUBS IN BOOTS. With 12 Illustrations. By Otto Speoktki.
16mo. 1a. Bd. Or coloured. 2j. Bd.

QUARTERLY REVIEW (The). Svo. 6s.

RAE (Edward). Country of the Moors. A Journey from Tripoli

to the Holy City of Rairwan. Map and Etchings. Crown Svo. 12*.

— The White Sea Peninsula. Journey to the White
Sea, and the Kola Peninsula. Map and Illustrations. Crown Svo. 15a.—^ (George). The Country Banker; His Clients, Cares, and
Work, ( rom the EzpeBence of Forty Years. Crown 8v(^. 7a. Bd.

RAMBLES m the Syrian Deserts. Post Svo. 10s. 6d.

RASSAM (Hormukd). British Mission to Abyssinia. Illustra-

tions. 2 Vols. Svo. 28a.

RAWLlNSON*S (Canon) Five Great Monarchies of Cbaldssa,

• Assyria, Media, Babylonia, and Persia. With Maps and Illustrations.

8 Volk 8v<». 42a.
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BAWLINSON'S (Sir Hbnrt) England and Russia in the East; a
SeriuH of Papers on the Condition of Central Asia. Map. 8vo. 12«.

[See Herodotus.]

REED (Sir E. J.) Iron-Clad Ships
; their Qualities, Performances,

and Cost. With Illustrations. 8vo. i2«.

Japan : Its History, Traditions, and Religions. With
Narrative of a Visit in 1879. Illustrations. 2 Vols. 8vo. 28s.

- A Practical Treatise on Shipbuilding in Iron and Steel.

Second and revised edition, with Woodcuts. 8vo. Preparation.

REJECTED ADDRESSES (The). By Jambs and Hoaloi Smith.
Woodcuts. Post 8vo. 3<. 6d. ; or Popular Editiop, Fcap. 8vo. la

REMBRANDT. [See Middleton.]

REVISED VERSION OF N.T. [See Bbckktt-Burgon—Cook.]
RICARDO’S (David.) Works. With a NoUice of his Life and

Writings. By J. R. M'Cwuxmjh. 8vo. 16^

RIPA (Father). Residence at the Court of Pekinf. Post 8vo. 2s*

ROBERTSON (Canon). History of the Christian Church, from the

Apostolic Age to the Reformation, 1517. 8 Vols. Post8vo. 6f. each.

ROBINSON (Rbv. Dr.). Biblical Researches in Palestine*and the

Adjacent Regions, 1838—62. Maps. 8 Vols. 8vo. 42«.

English Flower Garden. With an Illustrated

Dictionary of all the Plants used, and Directions for their Culture

and Arrangement. With numerous Illustrations. Medium 8vo.

The Vegetable Garden ; or, the Edible Vcg^blcs,
Salads, and Herbs cultivated In Europe and America. By MMt ViL-
MORiN Andkieox. With 760 Illustrations. 8vo. 16^.

Sub-Tropical Garden. Illustrations. Small 8vo. 6$.

Parka and Gat dens of Paris, considered in
Relation to the Wants of other Cities and of Public and Private
Gaideiis. With 360 illustrations. Svo. 18«.

- Wild Garden; or. Our Groves and Gardens
nisde Beautiful by the Naturalization of Hardy Exotic Plants. With
90 Illustrations. 8vo. 1C«. Sd.—— God’s Acre Beautiful; or, the Cemeteries of the
Future. With 8 Illustrations. Svo. 7«. 6d.

ROMANS, St. Paul’s Epistle to the. W ith Notts and Commentary
by E. H. Gifkokd, D.D., Archdeacon of London, Medium Svo. 1s.(d.

ROME (History of). [See Gibbon—Inqb—Liddbll—Smith

—

Students’.]

ROM ILLY (Hugh H.). The Western Pacific and New Guinea.
2ud Edition. With a Map. Crown Svo. 7«. 6d.

(H enry). The Punishment ofDeath. To which is added
a Treatise on Public Responsibility and Vote by Ballot. Crown Svo. 9«.

ROSS (Mis.). Three Geneiations of English Women; or. The
Memoirs and Correspondence of Mrs. John Taylor, Mrs. Sarah Austin,
and Lii'iy Duff Gordon. With Portialts. 2 Vols. Crown Svo. 24a

The Land of Manfred. Picturesque Excursions in
ApuMa and other little visited parts of Southern Italy, with special
reference to their HistoricfidassTciations. WithlllUNtrations.CrownSvo.

RUMBOLD (Sir Horace). The Great Silver River ; Notes of a
Ret^ldence in the Argentine Republic. With Illustrations. 8vo. 12a

RDXTON (Geo. F.). Travels inMexico; with Adventures among Wild
TribM and Animals oftfe Prairies and Rocky Mountains. Post Svo. 8s.6<f.

ST. JOHN (Chablbs). Wild Sports and Natural History of the
Highlands of Scotli^d. Illustrated Edition. Crown Svo. 16<. Ch$€j
SdUion^ Post Svo. 8s. 6d.
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ST. John (Batlb) AdventureH in the Libyan Desert. PoBtSvo. 2«.

SALE’S (Sir Robert) Brigade in Affghanistan. With an Account of

the Defence of Jellalabad. By Rby. G. R. Olbiq. Post 8to. 2s.

* SALMON (Prof. George, D.D.). An Introduction to the Study
of the New Testap'ent, ivnd an Investigation into Modern Biblical

Criticism, based on the most recent Sources of Information. Svo. 16a.

Lectures on the Infallibility of tho Church. 8vo. 12s.

SCEPTICISM IN GEOLOGY; and the Reasons for It. An
asi^roblage of facts from Nature combining to refute the theory of

“Causes now in Action.” ByVKuiFiBB. Woodcuts. Crown 8vo. ta.

SCHLIEMANN ^r. Henry). Ancient Mycenae. With 600
Illustrations. Medium Svo. 60a.

Ilios
;

the City and Country of the Trojans,
• With an AutolJlography, With 20C0 Illustrations. Imperial Svo. 60a.

Ti^ja : Results of the Latest Researches and
. Discoverirli on tho site of Homer’s Troy, and other sites made in 188?.

With Maps, Plans, and Illustrations. Medium fcvc, 42a.

Tityna; A Prehistoric Palace of the Kings of

Tiryns, discovered by excavations in 1884-5. with Preface and Notes by
ft^fess'rr Adler and DOipfeld. With Coloured Lithographs, Wood-
cuts, Plans, Ac,, from Drawings taken on the spot. Medium 8vo. 42a,

SCHOMBERG (General). The Odyssey of Homer, rendered
into English verse. 2 vols. Svo, 24a.

SCHREIBKR (I^ady Charlotte). English Fans and Fan Leaves
•' Collected and Dekcribed. With 100 Plates. Folio. £7 7a. Handsomely

bound.

SCOTT (Sir Gilbert). The Rise and Development of Mediseval
Architecture. With 400 Illustrations. 2 VoJs. Medium Svo. 42a.

SCRUTTON (T. E.). The Laws of Copyright. An Examination
of the Principles which sliould Regulate Literary and Artistic Pro-

perty in England and other Countries. 8vo. lOa. 6d.

SBBBOHM (Henry). Siberia in Asia, With Dei*criptions of the
Natural History, Migrations of Birds, Ac. Illustrations. Crown Svo. 14a.

SELBOKNB (Lorl). Notes on some Passages in the Liturgical
History of the Reformed English Church. Svo. 6a.

SHADOWS OP A SICK ROOM. Preface by Canon Liddon.
16mo. 2a. 6d,

SHAH OF PERSIA’S Diary during his Tour through Europe in

1873. With Portrait. Crown Svo. 12a.

SHAIRP (Principal) and his Friends. By Wm. Knight, Pro-
fessor of Moial Philosophy in the University of St. Andrews. With
Portrait, Svo. ISa.

SHAW (T. B.). Manual of English Literature. Post 8yo. 7s, 6d.

Specimens of English Literature. Selected from the

Chief Writers. Post Svo. 7a. 6<f.

(Robert). Visit to High Tartary, Yarkand, and Kashgar,
and Return Journey over the Karakorum Pass. With Map and
Illustrations. Svo 16a.

SIEMENS (Sir Wm.),40.B. Life of. By Wm. Pole, C.E. Portraits.

8vo. 16a.

Selection from the Papers of. Plates. 3 vols. Svo.

SIERRA LEONE ; Described in Letters to Friends at Home. By
Mbs. Mbi.villb. Post Svo. 8a. 6«i.

SIMMONS (Cart.). Constitution and r'*<«ctice of Courts-Mar-
tial. Svo. 15a.
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SMILES’ (Samuil, LL.D.) WORKS:— * *

British Enqineers
; from the Earliest Period to the Death of

the Stephensons. Illustrations. 5 Yols. Crown Sro. 7#. M. each.

George Stephensor. Post 8vo. 2«. 6flf. ,
James Nasmyth. Portrait and Illustrations. Post 8to. 6a.

Scotch Naturalist (Thos.Edward), Illustrations. Post 8vo. 6s.

Scotch Geologist (Pobert Dick). Illustrations. 8vo. 12j.

Self-Help. With Illustrations of Conduct and Perseyer*
ance. Post 8vo. 6s.

Character. A Book of Noble Characteristics. Post P\ro. 6s,

Thrift. A Book of Domestic Counsel. Post 8vo. 6a.

Duty. With Illustrations of Courage, Patience, and Endurance.
Post 8vo. 6s.

Industrial Biography,* or. Iron-Workera ?knd Tool-Makhras
Post 8vo. 6s.

^
Men of Ikvention. Post 8yo. 6s. •

Life and Labour; or, Characteristics of Men of Culture
aud Genius. Pust8vo. 6s.

Boy’s Voyage Round the World. Illustrations. Post 8j;o. 6a.

SMITH (Dr. George) t^tudent’s Manual of the Geography of British
India, Physical aud Political. Wiih Maps. PostSvo. 7$. 6d.

Life of John Wilson, D.D. (Bombay^ Missionary and
Phllmifhroplst. Portrait. PostSvo. 9s.

Life of Wni. (’arey, D.D., 1761- 1834. Shoemaker and
Missionary. Professor of Sanscrit, Bengalee and Mara'heo at the Colle'ge
of Fort William, Calcutta. Illustrations. PostSvo. 7s 6d,

Life of Stephen Hislop, Pioneer, Misrionary,'and Naturalist
inCt utral India, 1844-1863. Portrait and lllustratl' ns. 8to. ]4«,

(Philip). History of the Ancient World, from the Creation
to the Fall of the Roman Empire, a.d. 478. 3 Vols, 8vo. SlA 6d.

SMITH’S (Dr. Wm.) DICTIONARIES
Dictionary of the Bible; its Antiquities, Biography,
Geography, and Natural History. liluKtrationg. 3 Vols, 8vo. 106«.

Concise Bible Dictionary. Illustrations. 8yo. 21 a.

Smaller Bible Dictionary. Illustrations. Post 8vo. 7a. 6d.

Christian Antiquities. Comprising the History, Insti-
tiuhms, and Antiquities of the Christian Church. Illustrations. 2 Vols.
Medium Svo. 31. Ida. 6d.

Christian Biography, Literature, Sects, and Doctrines
;

from the Times of the Apostles to the Age of Charlemagne. Medium 8vo.
Now complete in 4 V* Is. 61. I6s. 6cl

Greek and Roman Antiquities. Illustrations. Med. 8yo. 28a.

Greek and Roman Biography and Mythology. Illustrations.
S Vols. Medium Svo. il. 4*.

Greek and Roman Geography. 2 Vols. Illustrations.
Medium 8vo. 66«.

Atlas of Ancient Geography-Biblical and Classical.
Folio. 61. 6s.

Classical Dictionary of MYTHOLoat, Biography, and
Oeoobapbt. I Vol. With 760 Woodcuts. 8to, 18i.

Smaller Classical Dior. Woodcuts. Crown 8yo. 7s. 6d.

Smaller Dictionary cTf Greek and Rohan Antiquities.
Woodcuts. Crown 8vo, 7s. 6d.

Complete Latin-Bngpish Dictionary. With Tables of the «
Roman Calendar, Measnres, Weights, Money, and a Dictionary of
Proper Names. 19th Edition. 8vo. 16s.
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SMITH’S (Dr. Wu.) Dictionaries—con^iwwed
Smaller Latin-English Diotionart. 30th Edition. 12mo.

78 6d.

' Copious and Critical English - Latin Diotionart, 5th
Edition. Svo. 16s.

Smaller Englisb-Latin Diotionart. 1 3th Edit. 12mo. 7s. 6(1.

SMITH'S (Dr. Wm.) ENGLISH COURSE
School Manual of English Grammar, with Copious Exercises
an^ Appendices. PostSvo. 3tt,6d,

pRiHART English Grammar, for Elementary Schools, wit i

carefully gradHafed Parsing Lessons. 16mo. Is.

Manual op English Composition. With Copious Illustra-

tions and Practical Exercises. 12ino. 3s. 6d,

• pRiMART Hist(hit OF BRITAIN. 12mo. 2s. 6(2.

School Manual^ of Modern Geographt, Physical and
Political. ®Po8t8vo. 6a

A Smaller Manual of Modern Geography. 16mo. 2^. 6(2.

SMITH’S (Dr. Wm.) FRENCH COURSE
French Principia. Part I. A First Course, containing a

Grammar, Delectus, Exercises, and Vocabularies. 12mo. 3<. 6d.

Appendix to French Principia. Part I. Containing ad-

ditional Exerciles, with Examination Papers. 12mo. 2.<». 6(f.

French Principia. Part II. A Reading Book, containing

, Fables, Stories, and Anecdotes, Natural liibtory, and Scenes from the

History of France. With Grammatical Questions, Notes and copious

Etymological Dictionary. 12mo. 4«. 6ti.

French Principia. Part III. Prose Composition, containing

Hints on Translation of English into Frenc)*, the Principal Rules of

the French Syntax compared with the English, and a Systematic Course

of Exercises on the Syntax. 12nio. 4s. 6d.

Student’s French Grammar. With Introduction by M. Littr5.

Post 8vo. 6#.

Smaller Grammar of the French Language. Abridged
from the above. 12mo. Ss. M.

SMITH’S (Dr. Wm.) GERMAN COURSE :~
German Principia. Part 1. A First German Course, contain-

ing aGrammar, Delectus, Exercise Book, and Vocabularies. 12mo. Ss. 6<2.

German Principia. Part II. A Reading Book ;
containing

Fables, Anecdotes, Natural History, and Scenes from the History of

Germany. With Questions, Notes, and Dictionary. 12mo. 8«. 6d.

Practical German Grammar. Post 8vo. 3d. 6(2.

SMITH’S (Dr. Wm.) ITALIAN COURSE
Italian Principia. Part I. An Italian Course, containing a

Grammar, Delectus, Exercise Book, with Vocabularies, and Materials

for Italian Conversation. 12mo. 3s. 6d.

Italian Principia. Part II. A First Italian Reading Book,

(»ntalning Fables, Anecdotes, History, and Passages from the best

Italian Authors, with Grammatical Questions, Notes, and a Copious

Etymological Dictionary. i2mo. 8s. 6d.

SMITH’S (Dr. Wm.) CATIN COURSE:—
The Young Beginner’s First Latin Book; Containing the

Rudiments of Grammar, Easy Grammatical Questions and Exercises,

with Vocabularies. Being a Stepping stone to Principia Latina, Part I.

12mo. 2<.

The Young Beginner’s Second Latin Book : Containing an
easy Latin Reading Book, with an An# Is of the Sentences, Notes,

and a Dictionary. Being a Stepping-atoue to principia liaUna, Part 1 1

.

12mo. 2a.
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SMITH’S (Dr, Wm.) Latin Coursb—continued,

Prinoipia Latina. Part 1. First Latin Course, containing a
Grammar, Delectus,and Exeitsise Book, with Vocabulariea. 12mo. 8«. 6<f.

In this Edition the Cases of the Nouns, Adje ctives, and Pronouns

are arranged both as in the obdinabt Gbammaks and as in the Pubuo
SoHooii Pbimbb, together with the corresponding Exercises.

Appendix to Prinoipia Latina. Part '1.
; being Additional

Exercises, with Examination Papers. 12mo. 2s. 6d.

Prinoipia Latina, Part II. A Reading-book of Mythology,

Geography, Roman Antiquities, and History. With Notes ^nd Dic-

tionary. 12mo. 3«. 6d.

Prinoipia Latina. Pari HI. A Poetry Bock. Hexameters
and Pentameters

;
Eclog. Ovidianee *, Latin Prosody. 12ino, 8a. 6d.

Prinoipia Latina. Part IV. Prose Composition. Rules of

Syntax, with Examples, Explanations of Synowyms, and ExertSsea

on the Syntax. 12mo. da. 6d.

Prinoipia Latina. Part V. Short Tales' and (Anecdotes for

Translation into Latin. 12rao. 8a.

Latin- English Vocabulary and First Latin-EnoLish
Dictionaby kob PHiEDhUs, CoBNKUUs Nkpob, ANDCiEHAB. 12mo. da.6d.

Student’s Latin Grammar, For the Higher Forms. new
and tlioroughly revised Edition. Post 8vo. da.

Smaller Latin Grammar. New Edition. 12mo. 3s, 6d.

Tacitus, Germania, Agbioola, and FirSt Book of the
Annals. 12rao. 3v. 6d.

SMITH’S iDR. Wm.) GREEK COURSE;—
iNiTiAGRiBCA. Parti. A FirstQreek Course, containingaGram-

mar, Delectus, and Exercise-book. With VocahularieH, 12mo. 8a. 6d.

Appendix to Initia Gkajoa. Part I. Containing additional

Exerci.ses. With Examination Papers. Post 8vo. 2s. 6d.

Initia Gr.®oa. Part II. A Reading Book. Containing

Shf»rt Tales. Anecdotes, Fables, Mythology, and Grecian History.

12mo. 8a. 6d.

Initia Gr.soA. Part III. Prose Composition. Containing the

Rules of Syntax, with copious Examples and Exercises. 12ino. 8a. 6d.

Student’s Greek Grammar. For the Higher Forms.
Post 8vo. 6a.

Smaller Greek Grammar. 12mo. 3s. 6d,

Greek Accidence. 12mo. 28.

6

d.

Plato, Apology of Socrates, &c. With Notes. 12mo. 3^, 6d ,

SMITH’S (Dr. Wm.) SMALLER HISTORIES:—
SoRiPTURE History. Maps and Woodcuts. 16mo. 38,

6

d,

Ancient History. Woodcuts. 16mo. 8«. 6d,

Ancient Geography, Woodcuts. Idino. 3«. 6d.

Modern Geography. 16ino. 28,3d,

Qrbeos. With Coloured Map and Woodcuts. 16mo. 38. 3d,

Rohe. With Coloured Maps and Woodcuts. 16mo. 38, 3d,

Classical Mythology. Woodcuts. 18mo, 38. 3d,

England. With Coloured Maps and Woodcuts. 16mo. 38, 3d.

English Literature. ]6mo. 38, 3d.

Specimens of English Literature. 16mo. 8s. 3d,

SOMERVILLE (Mary). Physical Geography. PostSvo. 9«.

— Connexion of the Physical Sciences. Post 8vo; 9f.
^

Molecular an*H Microscopic Science. Illustrations.

t Vols. PottSvo. 21a.

/

I

1

I

I



WBLI8HED BY MR. MURRAY. 29

s6uTH (John P.). Houso’ old Surgery
; or, Hiats for Emergen-

cies. With Woodcuts, reap. 8vo. 8$. 6d.

Memoii^ of. [See Feltob.]

SOUTHEY (Robt.). Lives of Bunyan and CromwelL Post 8vo, 2a.

STANHOPE’S (Earl) WORKS
History of England from the Reign of Queen Anne to
THE Peace of Versailleb, 1701-83. 9 Vols. Post 8fo. 6s, eaco.

LifB OP William Pitt. Portraits. 3 Vols. 8vo. 36a.

Miscellanies. 2 Vols. Post 8vo. 13a.

British India, prom its Origin to 1783. Post 8fo. 3a. 6d .

History of i orty-Five.” Post 8vo. 3a.
’ Historical a^iD Critical Essays. Post 8vo. 3a. 6d.

The Retreat f#om Moscow, and other Essays. PostSvo. 7a. 6d.

Life of Bklisarius. Post 8vo. 10a. 6d.

• Life of Condk. Post 8vo. 8a. 6ti.

Story op Joan op Arc. Pcap. 8vo. la.

JTddrbsses on Various Occasions. 16mo. la.

[See also Wellington.]

STANLEY’S (Dean) WORKS
Sinai and Palestine. Coloured Maps. 8yo. 12a.

Bible in the Holy Land; Extracted from the above Work.
Woodcuts. PostSvo. 3«. 6d.

Eastern Church. Plans. Crown 8vo. 6a.

Jewish Church, Prom the Earliest Times to the Christian
Era. Portrait and iMaps. 3 Vols. Crown 8vo. 18a.

Church op Scotland. 8vo. 7a. 6d .

Epistles of St. Paul to the Corinthians. 8vo. 18a.

Life op Dr. Arnold. Portrait. 2 Vols. Cr. 8vo. 12a.

Canterbury. Illustrations. Crown 8vo. 6a.

Westminster Abbey. Illustrations, 8vo. 15a.

Sermons Preached in WestminsterAbbey. 8vo. 12a.

Memoir op Edward, Catherine, and Mary Stanley. Cr.Svo. 9a.

Christian Institutions. Essays on Ecclesiastical Subjects.
Crown 8vo. 6«.

Essays on Church and State ; 1860— 1870. Crown 8vo. 6a.

Sermons to Children, includiogthe Beatitudes, the Faithful
Servant, &c. Post 8vo, 3«. 6df.

[See also Bradley.]

STEBBING (Wm.). Some Verdicts of History Reviewed. 8vo, 12a.

STEPHENS (Rev. W. R. W.), Life and Times of St. John
ChrysoHtom. A Sketch of the Church and the Empire in the Fourth
Century. Port^it. 8vo. 7$. 6d.

STREET (G. B.), R.A. Gothic Architecture in Brick and Marble.
With Notes on North of Italy, illustrations. Royal 8vo. 26i.

Memoir of. By Arthur Street. Portrait. 8yo. 15a.

STUART (ViLLiBRs). Egypt after the War. With Descriptions of
the Homes and Habits of the Natl ts, Ac. Coloured lllastratlons
and Woodcuts. Royal 8vo. 81s. 6<2.



Li»T OK WOHK8

STUDENTS* MANUALS. Post 8vo. 74. 6rf. each Volume
' Hume's Bistort or Ekolanu from tho Inyasion of Julius

Ceesar to the Reyolution in 1688. Revis^, and continued to the
Treaty of Berlin, 1878. By J. S. Brbwxb, M.A. Coloured Maps and*
Woodcuts. Or iu 8 parts, price 7s. 6’d. each.

Questions on the above Work, 12ino. 2s.

Bistort of Modern Europe, from the fall of Constantinople
to the Treaty of Berlin, 1878. By R. Lodge, M.A.

Old Testament Bistort
; from the Creation to the Return of

the Jews from Captivity. Woodcuts. e

New Testament Bistort. With an In^difction connecting
the History ot the Old and New Testaments. Woodcuts.

Evidences op Christianitt. By H. Wage, D.D. [/n the Prm.

Ecclesiastical Bistort
; a History of^'the Christian*Oh>urch

from its foundation tilt after the Reformation. By Philip Smith, B.A.
With numerous Woodcuts. 2 Vols. PabtI. a.duSO—1003. Part XI.-—

1003-1614.

English Church Bistort; from the Planting of the* Church
in Great Britain to the Silencing of Convocation in the 18th Cent By
Canon Pebuv. 3 Vols, First Period, A.D. 696—1609, S^ond Period,

1509—1717. 'i'Urd Period, 1717—1884.

Ancient Histort op the East; Egypt Assyria, Babylonia,
Media, Persia, Asia Minor, and Phoenicia.^ By Philip Smith, B.A.
Woodcuts.

Geographt. By Canon Bevan. Woodcut
Bistort op Greece ;

from the Earliest Times to the Roman
Conquest By Wm. Smith, D.C.L. Woodcuts.

Questions on the above Work, 12mo. 2s.

Bistort op Rome ;
from the Earliest Times to the Establish-

ment of the Empire. By Dram Liddkll. Woodcuts.

Gibbon’s Decline and Fall op the Roman Empire. Woodcuts.

Hallam’s Bistort op Europe during the Middle Ages,

Hallam’s Bistort op England; from the Accession of

Henry VII. to the Death of George M.

Bistort op France; from the Earliest Times to the Fall

of the Second Empire. By H. W. Jervis. With Coloured Maps and
Woodcuts.

English Language. By Geo. P. Marsh,

English Literature. Bj T. B. Shaw, M.A.

Specimens op English Literature. By B. Shaw.

Modern Geographt ;
Mathematical, Physical and Descriptive,

By Canon Bevan, M.A. Woodcuts,

Geographt op Bbitish India. Political and Physical. By
George Smith, LL.D. Maps.

Moral Philosopht. By Wm. Fleming,

SUMNER’S (Bishop) Life and Episcopate during 40 Tears. By
Rev. O. H. SuHNEE. Portrait. 8vo. lit.

SWAINSON (Canon), Nicene and Apostles* Creeds; Their
Literary History ;

together with some AocouEt of " The Cr^ of St.

Athanasius.'* 8vo. 16f.

SWIFT (Jonathan). [Sje Craik.]

STBEL (Von). History of Europe during the French Rerolntion,

1789-1795. 4 Vols. 8vo. 48f.

SYMONDS* (Rev. W.) Records of the Bocks; or Notes on ^Jie

Qeolof7 of Wales, Devon, and ComwaU. Crown 8vo, 12«. •
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TEMPLE (Sir Riohabd). India in 1880. With Maps. 8vo. 165.

Men and Events of My Time in India. 8vo. 165.

Orien^l Experience. Essays and Addresses de-
livered on Various Occasions. With Maps and Woodcufs. 8vo. 16«,

THIBAUT’S (Antoine) Purity in Musical Art. With Prefatory
Memoir by W. H. Oladbtone, M.P. Post 8vo. 7s. 6d.

THIELMANN (Baron). Journey through the Caucasus to

Tabreez, Kurdistan, down the Tigris and Euphrates to Niutveh and
^Palmyra. Illustrations. 2 Vols. Post 8vo. 18s.

THOM^O^ (Arobbishop). Lincoln's Inn Sermons. 8to. lOs. 6d»
• LWe in the Light of God's Word. Post 8vo. 65.

Word, Work, & Will : Collected Esssays. Crown 8vo. 05.

^THORNHILL (JAauk). The Personal Adventures and Experiences
of a Magistrate during the Rise, Pr^^gress, and Suppression ofthe Indian
Mutinx. Wish Frontispiece and Plan. Crown 8vo. 12s.

• TITIAN'S LIFE AND TIMES. With some account of his
* Family, from unpublished Record.s. By Caown and Cavalgasbllx.

TOQQUE YILLE’S State'of Society in France before the Revolution,
1789, and on the Causes which led to that Event. 8vo. 12s.

TOMLINSON (Chas.). The Sonnet: Its Origin, Structure,and Place
in Poetry. wPost 6vo. 9i.

TOZER (Rbv. H. F.). Highlands of Turkey, with Visits to Mounts
Ida, Athos, Olympus, and Pelion. 2 Vols. Crown 8vo. 24s.

V Lectures on the Geography of Greece. Post 8vo. 05.

TRISTRAM (Canon). Great Sahara; Illustrations. Crown 8vo. 155.

jjf Moab : Travels and Discoveries on the East
Side of the Dead Sea and the Jordan. Illustrations. Ciowu 8vo. 16s.

TWINING (Rev. Thos.). Recreations and Studies of a Country
Clergyman of the Last Century. Crown 8vo. 9s.

PAPERS (Selections from the). Being a Sequel to
the “ Recreations of a Country Clergyman of the 18th Century.'*
Edited by Richaru Twining. Crowu 8vo. 9s.

(Louisa), Symbols and Emblems of Early and
Mediseval Christian Art. With 600 lilu&tratious. Crown 8vo. 14«.

TWISS' (Horace) Life of Lord Eldon. 2 Vols. Post 8vo. 215.

TYLOR (E. B.). Researches into the Early History of Mankind,
and Development of Civilization.* 8rd Edition. 8vo. 12«.

— Primitive Culture : the Development of Mythology,
Philosophy,' Religion, Art, and Custom. 2 Vols. 8vo. 24«.

VATICAN COUNCIL. [See Leto.]

VIRCHOW (PRorBssoB). The Freedom of Science in the
Modem State. Fcap. 8vo. 2s.

WAGE (Rev. Henry), D.D. The Principal Facts in the Life of

our Lord, and the Authority of the Evangelical Narratives. Post 8vo. 6«.

The Foundations of Faith. Bampton Lectures for 1870.
Second Edition. 8vo. 7s. Sd,

Christianity and Morality. Boyle Lectures for 1874 and
1876. Sevetfth Edition. Crowu 8vo. 6a

WALES (fT.R.H. the PBiNcaof). Speeches and Addresses of

n.R.H. the Prince of Wales ; During Twenty-five Years, 1863-1888.

Bd tfd by James Macaulay, AsM. With Portrait 8vo, 12s.

WELLINGTON (Duke op). Notes of Conversations with the
late Earl stanhope. 1831-1851. Crown 8vo. 75. 6d.

Despatches in Indil:,, Denmark, Portugal, Spain,
tlio Low CounUlM, and France; 8 Vols. 8vo. £8 8«.

.
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WELLINGTON (Duke of). Supplementary Deepatchea, relating to

ndia. Ireland, Denmark. Spanish America,Spain, Portngat, France Odn-
greRs of Vienna, Waterloo, and Paris. 15 Vols. 8vo. SO*, each.

WELLINGTON’S Civil and PoUUoal CorreBpondence. Vols. L to .

VIIl. 8fo. aOi.eaoh.

Speeches in Parliament. 2 Vols, 8vo* 4 fs.

WESTCOTT (Cahoh B. P.) The Gospel according to St. John, with
Notes and Dissertations (Reprinted from the Speaker's Commenter/).
8vo. 10.». ed. ’

,

WHARTON (Capt. W. J. L.), R.N. Hydrographical Surveying :

being a description of the means and methods emplo;^d in constructing

Marine Charts. With Illustrations. Svo. 16s.

WH|SELER (G.)< Ohofct of a Dirdling. PoatSm 7*.6d.

WHI^TE (W. H.y, ,HsnuaI of Naval Architei;tar«, for the aie^ of
Naval Officers, Shipbuilder.^ and Yauhtamen, Ac. llhiatrations. 8vo. ilia.

WILBERPORCE*S (Bishop) life of William^-Williirforee. Portrait,

Crown 8vo. Sc.

i (Samuel, D.D.), Lord Bishop of Oxfofd uid
Winchester; his Life. By Cavow Atawstn, fitd R. G. Wiisga*
VOBOB. With Portraits BUd WdodeutS; 3 Yols, 8vo, 15c. elLeh.

WILKINSON (Sir J. G.). Manners and*Customs of the Ancient
Egyptians, their Private Lif^ LawSiA#, R^Slon, Ac. A ti^w edition.

Editra by SAMtTBt Bimu, LL.t>; lltustratioits. SYcdS.'. 8vo. 8Ar.

Popular Aecoiint of the Ancient Egyptians. With
600 Woodcuts. 3 Vols. Post 8vo. 12c,

WILLIAMS (Sir Monier). Brahmanism and Hinduism^ Religious
Thought and Life in India as based on the Veda. 8vo. lO.^. 6d.

Buddhism in its connection with Brahmanism and
Hinduism, and in its contrastwith Christianity. With Illustrations, 8vo.—— Sakoontala; or, The Lost Ring. An Indian
Drama Translated into English Prose and Verse. 8vo. 7«. 6d.

WINTLE (H., G.), Ovid Lesi^ons. 12m0j 2g. 6d, [See Eton.]

WOOD’S (Captain) Source of the Oxus. With the Geography
of the Valley of the Ozhs. By Col. Yulb. Hap. 6vo. 12c,

WORDS OP HUMAN WISDOM, Collected and Arranged hy
£. 8. With a Preface by CANOk LiDOOnii Fcapil 8vo. 8c. M,

WORDSWORTH’S (Buhop) Greece ; Pietoriai, Dticriptiye, and
Oistorfcal. Withan lutiiodtiiBtbn oh titeObaraeterialiiMcf GreeiLdrt,
by G*o. ScHABv. Ni^ Edition revised by the Rev, H/FvTdzEBgliA.
WlthdWnittgtratlopfi ;

YORK (Archbishop or). ColWed Essaya. Contenll^<^Synoptic
Gospels. Death of GhfiiM!,' God Exists. Worth of LUh ' Design in
Nature. Sports and Pastlihes. Emottmii« in Pleading. Defects in
Misslonary W ork. Umlts of Pbllosophieal Enquiry,. Qrown gvo. 9c.

YORK GaTE library (Patalogue of), Fortoedi^^ Mr. Silver,
An Index to the Literature of Geography, .Maritij^. ai^^^ Inland
Discovery, Commerce and ColoniiatiQ&;.

PxTHBBioK, F.R.G.B. Second Editionj 4^
trated. 468 |>p. Super-royal 8vo, PidCe'wA

YULE (CkiLONRL). The Book of Ser,..||^46
concerning the Kingdoms and Marvela^ ita Iflilnatrated by the

. Light of Oiienfal r and Modem.^1^^* Map* tad Ao
\PlaSs.,.:.2 Vola« 'MedinmSvd. 38|. 7-'.'

•

C. , BmEiL. A
Collflqtdat Wordfand FhWaes, and oCEmdiedteWl Etymoleglokl,
Blatorieai,Aieogy4phi4Uil7knd

(AV F.) The^Cretan IiMnii^iioii. Sro, iis, 940

MAnRimv^
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WELLINGTON (Duke of). Supplementary Despatches, relating to

ndia, Ireland, Denmark. Spanish America, Spain, Portugal, France, Oon*

greae of Vienna, Waterloo, and Paris. 15 Vols. Svo, 90i. each.

WELLINGTON’S Civil and PoUtical Correspondence. Vols. I. to

VIII. 8vo. 20j. each.

Speeches in Parliament. 2 Vols. 8vo. 4 is.

WESTCOTT (Canon B. P.) The Gospel according to St. John, with

Notes and Dissertations (Reprinted from the Speaker’s Commentary).
8vo. 10s. 6d. .

WHAKTON (Capt. W. J. L.), R.N. Hydrographical Surveying

:

being a description of the means and raetiiods emplo^^d in constructing

Marine Ciiarts. With Illustrations. 8vo. 15«r

WHEELER (0.). Choice of a Dwelling. Poet 8vo. 1$.M.
WHITE (W. H.). Manual

Naval OlUcers. Shlpbiiilden

WILBERPORCB’8 (Biauop)
Crown 8vo. Uf

.

—

(Samuel, D.D.), Lord Bishop of Oxfofd and
Winchester; his Life. By Canon AsnwEUr, and R, Q. Wilbbb*
FOBCR. With Portraits and Woodcuts. 8 Vols. Svo. 18«. eAch.

WILKINSON (StB J. 0.). Hanuters and Customs of the Ancient
Egyptians, their Private Life, Laws. Arts, Religion, Ac. A new edition.
Edited by Sakuel Bikch, LL.t). IIIustrAtiorvi. 8 Vols. 8vo. 84*.— Popular Account of the Ancient Egyptians. With
600 Woodcuts. 2 Vols, Post 8vo. 12e.

WILLIAMS (Sir Monier). BrahmanLin and Hinduism, Religious
Thought and Life in India as based on the Veda. 8vo. lO.'?. M,

Buddhism in its connection with Brahmaniiim and
Iliiidui.sm, Hiidinitscoiitra.stwithCbri.stiauity. With lllu.strations, 8vo.

Sakoontaia; or. The Lost Ring. An Indian
Drama Translated into Engli-h Prose and Verse. 8vo. Is. €>(/.

WINTLE (H, 0.). Ovid Lessons. 12mo, 2«. 6tf. [See Eton.]

WOOD’S (Captain) Source of the Oxus. With the Geography
of the Valley of the Oxus. By Col. Yolk. Map. 8vo. 19t,

WORDS OP human WISDOM. Collected and Arranged by
E. S. With a Preface by Canon Liddon. Foap. 8vo. 8«. 6cf.

WORDSWORTH’S (Bishop) Greece,- Pictorial, Descriptive, and
Historical. With an Introduction on the CbBracterlstfos of Greek A rL

^ Gto. ScHARP. New Edition revised by the Rev. H. P. Tozbe. M.A.
With 400 Illustrations, Royal 8vo. 8li, 6d!.

YORK (Archbishop OF). Colleoted Essays. Contents.—Synoptic
Gospels. Death of Christ. God Exhts. Worth of Life Design in
Naturo. Sports and Pastimes. Emotions In Preachlog; Defects in
Missionary Work. Limits of Philosophical Enquiry. Crown Svo 9#

YORK-GaTE libra R

Y

(Catalogue of). Formed by Mr. SilWr,'
An Index to the Literature of Geography, Maritime and Inland'
Discovery, Commerce and Colonisation. C< mniled by E A
Pbthebick, F.R.G.S. Second Edition, greatly enmraed, and Dlus-
trated. 468 rp. Super-royal Svo. Pricem » ««« xuus

TULB (Colonel). The Book of Ser MarCo Polo, the Venetian,
conoerning the Kingdoms and Marvels of t)S.a East. Illustrated by the
£!*?* ®^„UrleiitaI Writers and Modem Travels. With Map* aii M
Plates. 2 Vols, Medium 8vo. 68#.

» ana w
' and A* C. Bi^hbll. A Qloeflary of Anglo-Indian

Colloquial Words and Phrases, and of Kindred Te^; Btymoloaical
Historical, Geograpbieal, and Discursive. Medium 8vo. 86s.

^ *— (A. P.) TheeCretan Insurrection. Post Svo, 2a. 6^4P

BRADBUliy, AONtW, A CO., PIUNTEBS, WBITEVRIAIIS.
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